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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS

SWIRLATE IP LLC,
C.A. No. 1:22-¢cv-06660
Plaintiff,
V. JURY TRIAL DEMANDED
RAB LIGHTING INC.,, PATENT CASE
Defendant.

ORIGINAL COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Swirlate IP LLC files this Original Complaint for Patent Infringement against
RAB Lighting Inc. and would respectfully show the Court as follows:

I. THE PARTIES

1. Plaintiff Swirlate IP LLC (“Swirlate” or “Plaintiff”) is a Texas limited liability
company having an address at 6009 W Parker Rd, Ste 149 — 1090, Plano, TX 75093-8121.

2. On information and belief, Defendant RAB Lighting Inc. (“Defendant”) is a
corporation with places of business at 1731 Wall St., Suite 200 Mount Prospect, IL 60056, and
registered agent, Cogency Global Inc., at 600 South Second St., Suite 404 Springfield, IL 62704.

II. JURISDICTION AND VENUE

3. This action arises under the patent laws of the United States, Title 35 of the United
States Code. This Court has subject matter jurisdiction of such action under 28 U.S.C. §§ 1331
and 1338(a).

4. On information and belief, Defendant is subject to this Court’s specific and general
personal jurisdiction, pursuant to due process and the Illinois Long-Arm Statute, due at least to its
business in this forum, including at least a portion of the infringements alleged herein at 1731 Wall

St, Suite 200 Mount Prospect, IL 60056.
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5. Without limitation, on information and belief, Defendant has derived revenues from
its infringing acts occurring within Illinois. Further, on information and belief, Defendant is
subject to the Court’s general jurisdiction, including from regularly doing or soliciting business,
engaging in other persistent courses of conduct, and deriving substantial revenue from goods and
services provided to persons or entities in Illinois. Defendant has committed such purposeful acts
and/or transactions in Illinois such that it reasonably should know and expect that it could be haled
into this Court as a consequence of such activity.

6. Venue is proper in this district under 28 U.S.C. § 1400(b). On information and
belief, Defendant maintains places of business at 1731 Wall St, Suite 200 Mount Prospect, IL
60056. On information and belief, from and within this District Defendant has committed at least
a portion of the infringements at issue in this case.

7. For these reasons, personal jurisdiction exists and venue is proper in this Court
under 28 U.S.C. § 1400(b).

III. COUNTI
(PATENT INFRINGEMENT OF UNITED STATES PATENT NO. 7,154,961)

8. Plaintiff incorporates the above paragraphs herein by reference.

9. On December 26, 2006, United States Patent No. 7,154,961 (“the ‘961 Patent”) was
duly and legally issued by the United States Patent and Trademark Office. The ‘961 Patent is titled
“Constellation Rearrangement for ARQ Transmit Diversity Schemes.” A true and correct copy of
the ‘961 Patent is attached hereto as Exhibit A and incorporated herein by reference.

10. Swirlate is the assignee of all right, title, and interest in the ‘961 patent, including
all rights to enforce and prosecute actions for infringement and to collect damages for all relevant
times against infringers of the ‘961 Patent. Accordingly, Swirlate possesses the exclusive right

and standing to prosecute the present action for infringement of the ‘961 Patent by Defendant.
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11. The invention in the ‘961 Patent relates to the field of Automatic Repeat reQuest
(“ARQ”) transmission techniques in wireless communication systems. (Ex. A at col. 1:6-8). In
particular, it relates to a method for transmitting data using transmit diversity schemes in which
data packets are transmitted using a first and second transmission based on a repeat request and
the bit-to-symbol mapping is performed differently for different transmitted diversity branches.
(Id. at col. 1:8-12). The inventors recognized a problem in prior art of the use of ARQ transmission
techniques in wireless communication systems with unreliable and time-varying channel
conditions and the invention results in an improved performance avoiding transmission errors. (/d.
at col. 1:12-15).

12. In telecommunications, in order to improve the reliability of data transmissions, the
prior art had several transmit diversity techniques in which redundant versions of identical data
are transmitted in at least two diversity branches by default without explicitly requesting further
diversity branches. (/d. at col. 1:19-24). Such transmit diversity techniques included (i) site
diversity (transmitted signal originates from different sites), (ii) antenna diversity (transmitted
signal originates from different antennas), (iii) polarization diversity (transmitted signal is mapped
onto different polarization), (iv) frequency diversity (transmitted signal is mapped on different
carrier frequencies or frequency hopping sequences), (v) time diversity (transmitted signal is
mapped on different interleaving sequences), and (vi) multicode diversity (transmitted signal is
mapped on different codes). (/d. at col. 1:24-42). The diversity branches would then be combined
in order to improve the reliability of the received data. These diversity combining techniques
included (a) selection combining (selecting the diversity branch with the highest Signal-to-Noise
Ratio (“SNR”) for decoding and ignoring the remaining ones), (b) equal gain combining

(combining received diversity branches with ignoring the differences in received SNR), and (c)
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maximum ratio combining (combining received diversity branches taking the received SNR of
each diversity branch into account).

13. The prior art also had techniques for error detection/correction with respect to the
transmission of data. For example, the prior art would use ARQ schemes together with Forward
Error Correction (FEC),! which is called hybrid ARQ (“HARQ”). If an error is detected within a
packet by the Cyclic Redundancy Check (“CRC”), the receiver requests that the transmitter send
additional information (e.g., retransmission) to improve the probability to correctly decode the
erroneous packet. (/d. at col. 1: 59-63).

14. The ‘961 discussed a particular prior art reference that had the shortcomings of the
prior art. WO-02/067491 A1l disclosed a method for HARQ transmission that averages the bit
reliability over successively requested retransmissions by means of signal constellation
rearrangement. (/d. at col. 1: 64-67). The reference showed that when more than 2 bits of data
were mapped onto one modulation symbol, the bits have different reliability depending on the
chosen mapping. (/d. at col. 2: 1-5). For most FEC schemes, this leads to a degraded decoder
performance compared to an input of more equally distributed bit reliabilities. (/d. at col. 2:5-7).
As a result, in conventional communications systems the modulation dependent variations in bit
reliabilities are not considered and, therefore, usually the variations remain after combining the
diversity branches at the receiver. (/d. at col. 2:8-11).

15. The inventors therefore developed a method that improved performance with

regard to transmission errors. (Id. at col. 2:15-18). The idea of the invention is to improve

! FEC is a technique used for controlling errors in data transmission over unreliable or noisy

communication channels. The general idea of FED is that a sender encodes the message in a
redundant way, most often using an error correction code. The redundancy allows the receiver to
detect a limited number of errors that may occur anywhere in the message, and to potentially
correct these errors without re-transmission.
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performance at the receiver by applying different signal constellation mappings to the available
distinguishable transmit diversity branches and ARQ retransmissions. (/d. at col. 2:20-23). The
invention is applicable to modulation formats in which more than 2 bits are mapped onto one
modulation symbol, since this implies a variation in reliabilities for the bits mapped onto the signal
constellation. (/d. at col. 2:23-29).

16. Direct Infringement. Upon information and belief, Defendant has been directly

infringing at least claim 1 of the ‘961 patent in Illinois, and elsewhere in the United States, by
performing actions comprising at least performing the claimed ARQ re-transmission method by
performing the steps of the claimed invention using the RAB Lightcloud Gateway 4G (“Accused

Instrumentality”) (e.g., https://www.rablighting.com/product/LCGATEWAY/4G/VZ#technical-

specification).

17. The Accused Instrumentality practices an ARQ re-transmission (e.g., HARQ
method) method in a wireless communication system (e.g., LTE network) wherein data packets
are transmitted from a transmitter (e.g., the Accused Instrumentality) to a receiver (e.g., LTE base
station) using a first transmission (e.g., HARQ transmission) and at least a second transmission
(e.g., HARQ retransmission) based on a repeat request (e.g., HARQ retransmission request in the

form of NAK).
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LCGATEWAY/4G/NZ

Lightdoud : o Connects with up to 200 Lightcloud devices
Gateway 4G o Communicates with Lightcloud devices via 2.4 GHz wireless mesh
network
SN N M) . . .
TS E RS ¢ Cloud-based management - no software to install or maintain

L B B I
@

e Connects to Lightcloud service using secure cellular 4G connection
and no internet access is required

e Easy setup - simply power on, confirm a cellular signal and call 844-
LIGHTCLOUD

(E.g., https://www.rablighting.com/product/LCGATEWAY/4G/VZ#technical-specification).

Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18, 2018 admin Future Network Optimization, LTE, RF Basics, Tech Fundas

HARQ stands for Hybrid Automatic Repeat Reguest. HARQ = ARQ + FEC (Farward Error Carrection)/Soft Combining.

ARQ refers to Automatic Repeat Reguest i.e. if sender doesn’t receive Acknowledgement {ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

Soft Combining is an error correction technique in which the bad packets are not discarded but stared in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/LTE cellular phone First transmission SR

transmission
Transmitter |
—\—; Second data

/ \ o symbol
. / _f .
\. /AcK Q\ / NACK |

\\‘ g ~7 ., New Received
Receiver

Buffered
LTE Base Station

HARQ Processing
First data symbol [ J+ | o f_ ------ ]

Bufher e New Received

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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6.1 Uplink model pa. packets transmitted from a transmitter i.e. UE/ LTE cellular phone
to a receiver i.e. LTE base station

6.1.1 Uplink Shared Channel

The physical-layer model for Uplink Shared Channel transmission 1s described based on the corresponding physical-
layer-processing chain, see Figure 6.1.1. Processing steps that are relevant for the physical-layer model, e.g. in the sense
that they are configurable by higher layers, are highlighted in blue. It should be noted that, in case PUSCH, the
scheduling decision is partly made at the network side, if there 1s no blind decoding it is fully done at the network side.
The uplink transmission control in the UE then configures the uplink physical-layer processing, based on uplink
transport-format and resource-assignment information received on the downlink.

- Higher-layer data passed to/from the physical layer

- One transport block of dynamic size delivered to the physical layer once every TTIL.
- CRC and transport-block-error indication

- Transport-block-error indication delivered to higher layers.

- FEC and rate matching

- Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource

assignment; - -
e ARQ re-transmission method

- Physical layer model support of HARQ): in case of Incremental Redundancy. the corresponding Layer 2 Hybnd-
ARC) process controls what redundancy version is to be used for the physical layer transmission for each TTL

- Interleaving

- No control of interleaving by higher layers.

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i.e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control siEnallinE

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH, to
the peer HAR(Q) process at the receiver side;

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00

60/

ts_136302v080000p.pdf).
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9.3 L1 interactions with|MAC retransmission functionality

Second transmission i.e. HARQ retransmission based on a
repeat request

Recerver Node Repeat request
PRRRRE.

ARQ re-
transmission|
method

Higher order

modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

18.  Upon information and belief, the Accused Instrumentality practices modulating
data packets at the transmitter (e.g., the Accused Instrumentality) using a first modulation scheme
(e.g., one of QPSK,16QAM and 64 QAM) to obtain first data symbols (e.g., output of modulation

block performing said first modulation scheme).
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- No control of interleaving by higher layers.

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource

- L2-controlled resource assignment.

(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

I Rece'rverl_l Node UE —ITra.nsmitter I
Channel-state z=---... P0lCAONS
information, etc. | E
- : ACKNACK

4_' ] HARQ info
..... 5= --.T
_________________ ]

i, |IIlC:|{‘;\'ir1g —| H
First modulation
scheme
Figure 6.1.1-1: Physical-layer model for UL-SCH transmission
(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).
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7.1.3 16QAM

In case of LGQAM modulation, quadruplets of bits, B8 + 1), (i + 2}, Wi+ 3) , are mapped to complex-valoed
masdulation symbols x=I+j( according to Table 7.1.3-1.

Table 7.1.3-1: 16QAM modulation mapping

Bty Bii + 1) b+ 2) bii +3) ! Q
0000 TS TR T T
0001 T (TTR VI T7)
0010 TR T T
0011 N IT TN T
0100 T TR 77
o104 o -3l
oti0 EY B TTR—T N T7]
0111 Yo -3/ fin
1000 [T T
1001 -ifi0 3o
1010 -3f1e e
1011 -3fin 3o
00 W e
1101 T TTR—Y N T1)
1110 -3l —ifio
111 -3l —3fJio
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).

10



Case: 1:22-cv-06660 Document #: 1 Filed: 11/29/22 Page 11 of 74 PagelD #:11

7.14 B40AM

In case of 640 AM modulstion. hextuplets of bits., b{1).bj1+ 1) 601+ X bi + 31 b(i+ ), 4 + 5) . are mapped to complex:
valued modulation symbaels x=3{ accordmg o Table 7.1.4-1.

Tabido T.1.4-1: 640AM modulation mapping

B+ E b T Tyl oA I a i b+ T b+ 2080+ FLB AR e 3 ] @
200000 iz sl 184008 E
W00 kTN RN ) 100001 i AT
s00a10 WE  E 1ea0a WE IE
L0011 W = 109011 [TH T TN i)
200180 iz slfar 100108 iz sz
00181 iz fdE 10001 e ff
200110 [T T ) 108118 WWEz o glEz
00111 Wi e 108111 TH R T A
201000 TN R T ) 101008 iz T
o018t sz e 1001 sfdaz A
w0110 Wz e e Tz gz
01011 E fE 181011 e
201180 sz sffaE 101808 LN SR TR
w01 sz e AL sffar  ffaz
201110 v/ TR ¥ ) 11118 R T
01111 e 11111 e e
0000 W -gldEE 11000 W= -
00 eI MR T 5] 110001 T ¥ GRS TN
010 Wiz -y 110018 Wz -3
oot [N rER T ) 110011 Wz far
10100 iz -3l 110100 e -siE
A0 Wz -7fEE 11801 TN R A
o110 1A e TS o) Het1e [T FERE T Y
0111 Y - 18111 T8 - Ny
211080 T = 111008 LT R T A
P WE T 111001 saT <yfaT
010 e -y 111018 1 O I E)
ettt v/ 2 O T N T 114011 e yfa
11100 W -glEE 111908 T -
w1 sz -7 111801 T ¥ . h
#1110 e -y 111118 /R A
Hi111 Wz -7far 119114 e -7ffa

(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).

19. The Accused Instrumentality practices performing the first transmission (e.g.,
HARQ transmission) by transmitting the first data symbols (e.g., output of modulation block
performing said first modulation scheme) over a first diversity branch to the receiver (e.g.,
mapping from assigned resource blocks to the first available number of antenna ports). The
Accused Instrumentality discloses a first diversity branch wherein the output of modulation block

i.e., first data symbols is transmitted over a first diversity branch which is indicated in case of

11
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Multi-antenna processing wherein mapping from assigned resource blocks to the first available

number of antenna ports.

Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18, 2018 admin Future Metwork Optimization, LTE, RF Basics, Tech Fundas

ARQ refers to Automatic Repeat Request i.e.if sender doesn’t receive Acknowledgement (ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/ LTE cellular phone First transmission Second

transmission
Transmitter
Second data
symbol
ACK NACK |

o New Recelved
Receiver

Buffered
LTE Base Station

HARQ Processing
First data symbol ( 0+ | ) = | )

Bulfered Mew Received

(E.g. http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

12
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No control of interleaving by higher layers.
Data modulation
Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

Mapping to physical resource

L2-controlled resource assignment. Transmitting the first data symbols over a first diversity branch to the receiver

Multi-antenna processing

MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Support of L1 control signalling
Transmission of ACK/NAK and CQI feedback related to DL data transmission
The model of Figure 6.1.1 also captures

Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH, to

the peer HARQ process at the receiver side;

Channel-state T '-!

Transport via physical layer of corresponding HARQ acknowledgzements to PUSCH transmitter side.

| Rece'rverl—l Node BL UE —ITransmitter I

Transmitting the first data
symbols over a first
diversity branch to the
receiver

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals Ry and if available R, according to [8] can be used.

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values

of all diversity branches.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00

60/

ts_136302v080000p.pdf).

13
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5.2 Overview of L1 functions

The physical laver offers data transport services to higher layvers. The access to these services 1s through the use of a
transport channel via the MAC sub-layer. The physical layer is expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers
- FEC encoding/decoding of the transport channel

Hybrid ARQ soft-combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Multiple Input Multiple Output {MIMO) antenna processing

- Transmit Diversity (TX diversity)

- Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subclauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

20. Upon information and belief, the Accused Instrumentality practices modulating
said data packets at the transmitter (e.g., the Accused Instrumentality) using a second modulation
scheme (e.g., one of QPSK, 16QAM and 64 QAM)—which is distinct from the first modulation
scheme) to obtain second data symbols (e.g., output of modulation block using a second
modulation scheme). As shown below, the Accused Instrumentality on repeat request i.e.,
receiving the retransmission request in the form of NAK, enables a second mapping of said higher
order modulation scheme (i.e., an Adaptive Re-transmission having a different Modulation Coding
Scheme (MCS) than the one used for HARQ transmission i.e., first higher order modulation

scheme).

14
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Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient infermation can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone

Repeat request
Transmitter Q

ACK NACK

New Received

Receiver
Buffered

LTE Base Station _
HARQ Processing

|-|- r=|

Buffered New Received

HARQ Re-transmissions Types

HARQ Re-transmissions are also of 2 types:-

s Adaptive re-transmission,

* Mon-adaptive re-transmission.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission

Here, the transmission attributes like Madulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which

transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These
attributes can be changed according to radio channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

15
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- No control of interleaving by higher layers.

Higher order modulation

scheme

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i.e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control signalling

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH, to
the peer HARQ process at the receiver side;

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

9.3 L1 interactions with|MAC retransmission functionality

Second transmission i.e. HARQ retransmission based on a
repeat request

[l —{Node ], [Repesreaues UE
.|

ARQ re-
transmission
method

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

16
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QAM bits per symbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER SYMBOL SYMBOL RATE
BPSK 1 1 x bit rate
QPSK 2 1/2 bit rate
8P5K 3 1/3 bit rate
160AM 4 174 bit rate

320AM 5 1/5 bit rate
GdQAM ] 1/6 bit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).

17
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7.1.3 16QAM

In case of [HQAM modulation, quadrupbets of bits, Si}, i+ 1), b0+ 2101 + 3}, are mapped to complex-valued
modulation symbols x=I43(F according 1o Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By, bid 4 1) B f+ 2] bl +3) i Q
0000 Wi i
0001 Win 3o
o010 TR TA T
o014 e 3o
o100 Wie e
o101 Wi -3iie
o110 o o
o111 EFIN (TR T
1000 LA Y4
1001 i 4
1010 Ty
1011 -3l 3o
1100 S
tor T e
1110 Ty
Y e
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).

18
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7.1.4 B640AM

In case of §40AM modulation. hestuplets ofbits, Si)bla+ 108+ ZLbii+3)bii+ 4. b +51.,
valued modulation symbols r=1+{( accordmg 1o Table 7.1.4-1.

Tabdo 7.1.4-9: B404M modulation mapping

M T

w0010 g
00011 Y
B001H T
L] EIE
800110 gz
B00111 1A
10 sfdz
[ sl
a0t iz
s0101t 2 5l
sat1e0 T
0110t s
w110 -
01111 W
00N ETN el
10010 W
w01 YAz
o1 s
FEO T
0110 Yz
LR Wz
1080 s
10 T
LTl =
LT i
w1180 sE
Iy sz
[ AARRT] e
it e

(E.g,

ts_136211v080700p.pdf).
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21. Upon information and belief, the Accused Instrumentality practices performing the

second transmission (e.g., HARQ retransmission) by transmitting the second data symbols (e.g.,

output of modulation block using a second modulation scheme) over a second diversity branch

(e.g., mapping from assigned resource blocks to the later available number of antenna ports) to the

receiver (e.g., LTE base station). The Accused Instrumentality discloses a second diversity branch

wherein the output of modulation block i.e., second data symbols is transmitted over a second or
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later diversity branch which is indicated in case of Multi-antenna processing wherein mapping
from assigned resource blocks to the later available number of antenna ports.

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone

Repeat request
Transmitter
J‘(.'
/ | : |
/

¥ ACK X NACK

!

rd

e // New Received Transmitted second

: data symbol
Receiver

Buffersd
LTE Base Station

HARQ Processing

|+ 2N = |

Fur et exi L Rt ]

HARQ Re-transmissions Types

HARQ Re-transmissions are also of 2 types:-

& Adaptive re-transmission,

* Mon-adaptive re-transmission.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission

Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which
transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These
attributes can be changed according to radie channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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- No control of interleaving by higher layers.

- Data modulation

- Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).
- Mapping to physical resource

: Transmitting the second data symbols over a second diversity branch
- L2-controlled resource assignment. ’ ’

- | Multi-antenna processing

- | MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

- Support of L1 control signalling
- Transmission of ACK/NAK and CQI feedback related to DL data transmission
The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-AR() related information (exact info is FFS) associated with the PUSCH, to
the peer HARCQ) process at the receiver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmuitter side.

Transmitting the
second data
symbols over a
second diversity
branch

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals R and if available R, according to [8] can be used.

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values
of all diversity branches.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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5.3 L1 interactions with|[MAC retransmission functionality

Second transmission i e HARQ) retransmission based on a
repeat request

5.2 Overview of L1 functions

The physical layer offers data transport services to higher layers. The access to these services is through the use of a
transport channel via the MAC sub-layer. The physical layer 1s expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers
- FEC encoding/decoding of the transport channel

- Hybnd ARQ soft-combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Multiple Input Multiple Output (MIMO) antenna processing

- Transmit Diversity (TX diversity)

-  Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subclauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

22. Upon information and belief, the Accused Instrumentality, at least in its internal
testing and usage, utilizes a base station which practices demodulating the received first (e.g.,
output of modulation block performing said first modulation scheme) and second data symbols
(e.g., output of modulation block using a second modulation scheme) at the receiver (e.g., LTE
Base Station) using the first and second modulation schemes (e.g., the mappings corresponding to

transmission and retransmission Modulation Coding Scheme) respectively. As shown below, the
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Accused Instrumentality, at least in its internal testing and usage, utilizes a base station which
practices demodulation of first (e.g., output of modulation block performing said first modulation
scheme) and second data symbols (e.g., output of modulation block using a second modulation
scheme) at the LTE Base Station using the first and second modulation scheme i.e., Modulation
Coding Scheme which are distinct for transmission and Adaptive Re-transmission (i.e., an
Adaptive Re-transmission having a different Modulation Coding Scheme (MCS) than the one used

for transmission i.e. first higher order modulation scheme).

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/ LTE celhlar phone First transmission Secon{li .
fransmission
Tranasmittar [:]
1 :, Second data
N i \ J N symbol
N /ACK /NACK N |
b "4 ~

", ; ~ . New Received

Buffered
LTE Base Station

HARQ Processing
First data symbol [ )+ | ) = | ]

Fufher e New Hicaivis

HARQ Re-transmissions Types

HARQ Re-transmissians are alsoc of 2 types:-

® Adaptive re-transmission,

s Mon-adaptive re-transmissicn.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission

Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which
transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These
attributes can be changed according to radio channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harqg-in-Ite-fdd/).
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- No control of interleaving by higher layers.

- | Data modulation Higher order modulation
scheme
- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i.e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control signalling

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH. to
the peer HARQ) process at the recerver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

5.3 L1 interactions with|MAC retransmission functionality

Second transmission i e. HARQ) retransmission based on a
repeat request

Repeat request UE

ARQ re-
transmission
method

Demodulating the

recetved first and
second data
symbols

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g.,https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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QAM bits per symbol

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be

increased.
QAM FORMATS & BIT RATES COMPARISON
MODULATION BITS PER 5YMBOL SYMBOL RATE
BPSK 1 | x bit rate
QPSKE 2 1/2 bit rate
8PSK 3 1/3 bit rate
160AM 4 174 bit rate
320AM 5 175 bit rate
640 AM B 176 it rate
Respresenting more than two data bits are mapped onto one data symbol
(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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7.1.3 16QAM

In case of 160)AM modolation, quadruplets of bits, i} B+ 1), 00+ 2180 +3) . are mapped to complex-valued
modulation symbols x=1+3() according to Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

bty bli+ 1) Wi+ 2] bli+3) ! Q
0000 [T TR T N T}
0001 Wio o 3o
L Yo i
0014 i 3
o100 Wi e
o101 o -3l
o110 e - i
0111 G [N TR 177
1000 L
1001 i e
1010 T
1011 ~3fie 3o
1100 Y
o1 S 3
110 YTy
Y e
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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7.1.4 B40AM

I case of G40AM modulstion. hextuplets of bits, BikS+ 1080+ ZLb1+3 L5601+ 4.5 + 5], are mapped 1o complex:
valued modulabion symbols s=i+){ sccordmg i Table 7.1.4-1.

Tabdn 7.1.4-1: B40.4M modulation mapping

b S N D 2 [ o LMY o 1L 20 KL A M= ' 8
00Dl WWE 100000 WE NE
s000s WE  E 1s0001 WENE
s00e10 TH YA ) 1S ar g
BODDTT T R T 100011 [T R T N
onieg T E T T T
2001 ETH TG T 10 yam i
200110 TN TR ) 100118 [ FTRETE T
Bo0111 e = 1011 T N
B sz e 1008 TR o TH
e sWE T 110 sffer  afofEr
o101 L I T 1w e
aniot E 181011 WE
aa1180 iz offaT 181408 LT X O T 5
w011 E1 e T e 101401 iz MEE
L IREL] W gz RLRENTY Wz o
w1111 WE  fE SLILUe] e
ESEE T T 110008 WE -3
b T T 118001 ET FE T ¥ i)
e [T FERT N ) RRLTITY Yz gl
EU T iz afaz RRLT IR 2y W
w10 R T 110408 NE -5
a1 T E 1 T -z
0110 Yz T 1at18 Yoz shiiz
LR Wi i RELILE] [ FER | A Y
a1 s —yE 119008 TN G 1A ]
ot i3 T 111001 sE =
ot i oyl RRRTEEY b/ 2 ISR M Y
oo v 2 T ¥ i) ERRTE] WHE e
a1 SR -yE 111400 LT S T 15
[RETS SE ST LRELT] LN SR N i
[ERET] g/ (ARt N e 11118 p S A Y
LIRREL e - M1 i R & 5

(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts 136211v080700p.pdf).

23.  Upon information and belief, The Accused Instrumentality, at least in its internal
testing and usage, utilizes a base station which practices diversity combining (e.g., Hybrid ARQ
soft-combining) the demodulated data received over the first (e.g., mapping from assigned
resource blocks to the first available number of antenna ports) and second diversity branches (e.g.,
mapping from assigned resource blocks to the later available number of antenna ports). The

Accused Instrumentality, at least in its internal testing and usage, utilizes a base station which
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performs a diversity combining i.e., Hybrid ARQ soft-combining of data from multiple received

antenna ports.

- No control of interleaving by higher layers.

- Data modulation

- Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).
- Mapping to physical resource

- L2-controlled resource assignment.

- | Multi-antenna processing

- | MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

- Support of L1 control signalling
- Transmission of ACK/NAK and CQI feedback related to DL data transmission
The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH, to
the peer HARQ) process at the receiver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmutter side.

Transmitting first
and second
svmbols over
diversity branches

Recefved over the
first and second
diversity branches

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals Ry and if available R, according to [8] can be used.

[f receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values
of all diversity branches.

5.3 L1 interactions with[MAC retransmission functionality

Second transmission i e. HARQ retransmission based on a
repeat request

5.2 Overview of L1 functions

The physical layer offers data transport services to higher layers. The access to these services is through the use of a
transport channel via the MAC sub-layer. The physical layer 1s expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers
- FEC encoding/decoding of the transport channel

- Hybnd ARQ soft-combining Diversity combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Multiple Input Multiple Qutput (MIMO) antenna processing

- Transmit Diversity (TX diversity)

-  Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subclauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).
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Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a8 buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

'\. ‘ _// ‘\__\ /
-\ VAR y \ T
/ ACK K NACK Diversity combining
N\ Mew Recsived the demodulated
Receiver
Buffered I

HARQ Processing

|-|- =|

Huflesed Mew Reoeived

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

24.  Upon information and belief, the Accused Instrumentality utilizes the modulation
schemes wherein 16 QAM and a number of log2 (M) modulation schemes are used. The Accused
Instrumentality performs a data modulation such as QPSK, 16 QAM and 64 QAM wherein the M-
ary Quadrature Amplitude Modulation is basically a log2 (M) modulation schemes, for
example,16QAM stands for log2 (16) modulation schemes and 64 QAM stands for log2 (64)

modulation schemes.

Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18, 2018 admin Future Metwork Optimization, LTE, RF

Basics, Tech Fundas

HARD stands for Hybrid Automatic Repeat Raguast. HARQ = ARQ + FEC {Forward Error Correction)/Scft Combining.

ARQ refers to Automatic Repeat Reguest i.e. if sender doesn’t receive Acknowledgement (ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that

total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone

Transmitter
ACK \\
Mew Received
Receiver

" Buffersd
LTE Base Station ]
HARQ Processing

£33+ LI = (I3

Ruiffered M Hooetymd

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

- No control of interleaving by higher layers.

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource 16 QAM and a number of log2 (M) modulation schemes

- L2-controlled resource assignment.
- Multi-antenna processing
- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.
- Support of L1 control signalling
- Transmission of ACK/NAK and CQI feedback related to DL data transmission
The model of Figure 6.1.1 also captures

Transport via physical layer of Hyhnd ARQ related information (exact info is FFS) associated with the PUSCH, to
thc peer HARQ process at the receiver side;

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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Recemver Node UE Transmitter

Modulation Block

16 QAM and a
mumber of log2 (M)
modulation schemes
Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

Constructing a rectangular
constellation for 16-QAM

October 10, 2012 by Mathuranathan

i (7 votes, average: 4.57 out of 5)
This post is a part of the ebook : Digital Modulations using Matlab: build
simulation models from scratch — by Mathuranathan Viswanathan

Any rectangular QAM constellation is equivalent to superimposing two ASK signals
on quadrature carriers (I and Q components). For 4-QAM modulation, each symbol
is of size k = log2(M) = log2(4) = 2 bits. For 16-QAM modulation, the symbol size is k
= log2(16) = 4 bits.

(E.g., https://www.gaussianwaves.com/2012/10/constructing-a-rectangular-constellation-for-16-

gam/).
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QAM bits per symbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).

7.1.3  16QAM

In case of 160QAM modulation, quadruplets of bits, Bi) B+ 1y, b+ 23 Wi +3) . are mappod to complex-valued
modulation symbols x=I+3(7 according to Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

Bl b+ 1.0+ 2L b1 +3) 1 Q
0000 o o
0001 o 3o
o010 iffin o
o011 EY BT 1T
0100 i o
o101 Yo —3ho
o110 iffin i
o111 e 3o
1000 T e
too1 T 3
1010 Y T
1011 -3fie 3o
100 YT
o1 A A T
110 V¥
1111 S Y TR ¥ T}
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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714 640AM

e
In case of G40AM modulstion. hestuplets of bits, Srkbli+ 1M+ Z0bi#3 b+ 41, b( + 51, are mapped to complex:
valued modulation symbols r=i+) 0 secordmg o Table 7.1.4-1.

Tabdo 7.1.4-1- 640AM modulation mapping

I o ST ey T s LM b= f o
sava0 WE E tas0ns WE  NE
saost WE NWE taa001 WE T
000 iz e 100018 Wz e
200011 R e 100011 [TA T M 153
200180 T NE L] T T
saots1 WE T e10n T E
(ST Yz gz 1eet1a Waar o e
Bo0111 [TA iR 5 1011 T EE
201000 sE T 181008 TR T
20108t sE pE 1100 L1F T N
a010m0 7 I N 1me e s
0101t /7 ST 131011 T =
201180 sffiT siaT 11808 sffiz sz
LR sz Tl 1401 e hfaz
w110 Wi gaz i e s
[t e e 18111 e e
10000 WE T 110008 T E
srucan HE = 11001 ME T
LTl [TH TR T X 7y 110018 Wiz -affaT
ot TR TR ) 118011 TRy W
D100 l.f,,f.T-f LA 110400 1_||'.."E =
i 11 EER T M 5 1ot T ¥ S T I )
w0110 Wz -yE 118118 {1 E FER Y )
w1 Wz oiE ELULL] N fa
241000 T T 111008 T -3
orromn S 11001 SNE T
a0 E -yE 111018 e -3
LR E] iz 14 5) 111011 e il
w1180 T - 111108 T s
LR s -l L] WfE 7ffaT
110 £ CER T & 11118 e -3
[IEREL] e e M1 L A | [T

(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

IV. COUNT I
(PATENT INFRINGEMENT OF UNITED STATES PATENT NO. 7,567,622)

25. Plaintiff incorporates the above paragraphs herein by reference.

26. On July 28, 2009, United States Patent No. 7,567,622 (“the ‘622 Patent”) was duly
and legally issued by the United States Patent and Trademark Office. The ‘622 Patent is titled
“Constellation Rearrangement for ARQ Transmit Diversity Schemes.” The ‘622 patent issued

from an application that is a continuation of the application leading to the ‘961 patent. A true and
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correct copy of the ‘622 Patent is attached hereto as Exhibit B and incorporated herein by
reference.

27. Swirlate is the assignee of all right, title, and interest in the ‘622 patent, including
all rights to enforce and prosecute actions for infringement and to collect damages for all relevant
times against infringers of the ‘622 Patent. Accordingly, Swirlate possesses the exclusive right
and standing to prosecute the present action for infringement of the ‘622 Patent by Defendant.

28. The ‘622 patent shares the same specification as the ‘961 patent and therefore the
background information regarding the ‘961 patent in paragraphs 11 through 15 are incorporated
by reference.

29. During the prosecution history, applicant explained the benefits of the claimed
invention. The claim “defines an ARQ retransmission method in which more than two data bits
are mapped onto one data symbol in each of the initial transmission and a retransmission. The
symbols of the initial transmission and the retransmission represent the same bit information, but
are different symbols due to different bit mappings. Since different bits of a modulation symbol
have different communications reliabilities, the claimed subject matter supports averaging the
communication reliabilities for each bit mapped onto a transmission symbol and a retransmission
symbol so as to improve the likelihood of receiving the bit.” (Ex. C at 16).

30. An advantage of the claimed subject matter “lies in reducing the overall data traffic,
since the claimed retransmission is only needed in situations where any initial transmission cannot
be successfully received by a receiver. The claimed subject matter employs retransmission and
diversity combining only when the initial transmission is not received properly, whereas [the prior

art] communications scheme always transmits identical data over three parallel paths for diversity
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combining by a receiver and does not retransmit data in accordance with a repeat request by a
receiver.” (Ex. C at 17).

31. Direct Infringement. Upon information and belief, Defendant has been directly

infringing at least claim 1 of the ‘622 patent in Illinois, and elsewhere in the United States, by
performing actions comprising at least performing the claimed ARQ re-transmission method by
performing the steps of the claimed invention using RAB Lightcloud Gateway 4G (“Accused

Instrumentality”) (e.g., https://www.rablighting.com/product/LCGATEWAY/4G/VZ#technical-

specification).

32. The Accused Instrumentality practices an ARQ re-transmission method (e.g.,
HARQ method) in a wireless communication system (e.g., LTE network) wherein data packets are
transmitted from a transmitter (e.g., the Accused Instrumentality) to a receiver (e.g., LTE base
station) using a higher order modulation scheme (e.g., one of QPSK,16QAM and 64 QAM)
wherein more than two data bits are mapped onto one data symbol to perform a first transmission
and at least a second transmission (e.g., HARQ retransmission) based on a repeat request (e.g.,
HARQ retransmission request in the form of NAK). The Accused Instrumentality performs a
higher order data modulation such as 16QAM and 64 QAM wherein has more than two data bits
are mapped onto one data symbol (i.e., in case of 16QAM it transmits 4 bits per symbol whereas

in the case of 64QAM it transmits 6 bits per symbol).
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LCGATEWAY/4G/NZ

Lishtcloud? o Connects with up to 200 Lightcloud devices
u

Gateway 4G o Communicates with Lightcloud devices via 2.4 GHz wireless mesh
network

¢ Cloud-based management - no software to install or maintain

e Connects to Lightcloud service using secure cellular 4G connection
and no internet access is required

e Easy setup - simply power on, confirm a cellular signal and call 844-
LIGHTCLOUD

(E.g., https://www.rablighting.com/product/LCGATEWAY/4G/VZ#technical-specification).

Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18, 2018 admin Future Network Optimization, LTE, RF Basics, Tech Fundas

HARD stands for Hybrid Automatic Repeat Reguest. HARQ = ARQ + FEC (Forward Error Carrection)/Soft Combining.

ARQ refers to Automatic Repeat Reguest i.e. if sender doesn’t receive Acknowledgement {ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone

Transmitter | !
y
; : PN
//’
//ACK x
rd

/
. /
/Nack
N P4 i f. ., New Received
=B 5 =

o Buffered
LTE Base Station
HARQ Processing

| + = 8

B e Mew HBosived

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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6.1 Uplink model pa. packets transmitted from a transmitter i.e. UE/ LTE cellular phone
to a receiver i.e. LTE base station

6.1.1 Uplink Shared Channel

The physical-layer model for Uplink Shared Channel transmission 1s described based on the corresponding physical-
layer-processing chain, see Figure 6.1.1. Processing steps that are relevant for the physical-layer model, e.g. in the sense
that they are configurable by higher layers, are highlighted in blue. It should be noted that, in case PUSCH, the
scheduling decision is partly made at the network side, if there 1s no blind decoding it is fully done at the network side.
The uplink transmission control in the UE then configures the uplink physical-layer processing, based on uplink
transport-format and resource-assignment information received on the downlink.

- Higher-layer data passed to/from the physical layer

- One transport block of dynamic size delivered to the physical layer once every TTIL.
- CRC and transport-block-error indication

- Transport-block-error indication delivered to higher layers.

- FEC and rate matching

- Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource

assignment; - -
e ARQ re-transmission method

- Physical layer model support of HARQ): in case of Incremental Redundancy. the corresponding Layer 2 Hybnd-
ARC) process controls what redundancy version is to be used for the physical layer transmission for each TTL

- Interleaving

- No control of interleaving by higher layers.

Higher order modulation
scheme

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control signalling

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH. to
the peer HARQ) process at the recerver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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5.3 L1 interactions with|MAC retransmission functionality

Second transmission i e HARQ) retransmission based on a
repeat request

[l —{Node ], [Repesreaues UE
T 4t iz,

ARQ re-
transmission
method

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

QAM bits per SymbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order formart of QAM, the data rate of a link can be
increased.

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).

39



Case: 1:22-cv-06660 Document #: 1 Filed: 11/29/22 Page 40 of 74 PagelD #:40

QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER 5YMBOL SYMBOL RATE
BPSK 1 ] x bit rate
QPSKE 2 1/2 bit rate
8PSK 3 1/3 bit rate
160AM 4 174 bit rate
320AM 5 1/5 bit rate
640 AM B 1/6 bit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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7.1.3 16QAM

In case of [HQAM modulation, quadrupbets of bits, Si}, i+ 1), b0+ 2101 + 3}, are mapped to complex-valued
modulation symbols x=I43(F according 1o Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By, bid 4 1) B f+ 2] bl +3) i Q
0000 Wi i
0001 Win 3o
o010 TR TA T
o014 e 3o
o100 Wie e
o101 Wi -3iie
o110 o o
o111 EFIN (TR T
1000 LA Y4
1001 i 4
1010 Ty
1011 -3l 3o
1100 S
tor T e
1110 Ty
Y e
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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7.1.4 640QAM

In case of 640AM modubshon. hextuplets of bits, Si) b+ 1,8+ 2L b3 b+ 467 + 51, are mapped o complex:

valued modulation symbols o=/ accondmg i Takle 7.1.4-1.

Tabde 7.1.4-1: 640AM modulation mapping

B ¢ S M D i e Ty i o BT [ Tibes N M Hh = f o
00010 T T AR WE =
oot WE T seso0n WENE
sa0t0 WE WE 1namta WE WE
00011 T TS 1e0011 [T T ¥ )
00100 PWE T 10et08 WE T
s1st WE T taanon T HE
00110 Wiz g 1eet1a W gNE
w0111 WaE = 1011 W= =
w1000 ST T 121003 TN 1A
L] sz e a0 sz G
w10 07 IV L3N] 67 TR | Y ry
wen WE NE 1a1011 WE T
bt 100 T AIE T 1108 LT R 5
i T e a0 sz T
LLARET W gl i £ 2 FEI N Y
w0111 E NE w11 e E
e T - 110000 YT -
Lo T i 110001 E1 ¥ IS TN e
10 [T TR T 118018 [T I A T
w1 YWz ofia 118011 W -fa
0100 EI N R T 118108 ET . 1
T WE -E 11080 T -
w110 [T e 11118 Yoz -sfyaa
w111 W e 1111 W -faz
w1080 T = 111008 LT G 1 )
D ET R T A iy 111001 ST il
LTl e ylaz RE AT v/ 2 S N FE )
LR TE] iz TNy 119014 e ey
w10 E s 110 TN S T )
[IRRTY sffaz = 1101 W 7fyas
[ARRRT W sl e WE T
w1t o R LEELALT W i

(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

33. Upon information and belief, the Accused Instrumentality practices modulating
data packets at the transmitter (e.g., the Accused Instrumentality) using a first mapping of said
higher order modulation scheme (e.g., one of QPSK, 16QAM and 64 QAM) to obtain first data
symbols (e.g., output of modulation block performing said first modulation scheme). The Accused
Instrumentality performs a higher order data modulation such as 16QAM and 64 QAM which have

more than two data bits are mapped onto one data symbol (i.e., in case of 16QAM it transmits 4
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bits per symbol whereas in the case of 64QAM it transmits 6 bits per symbol) so as to obtain a said

first data symbols which is basically the output of the modulation block.

- No control of interleaving by higher layers.

Higher order modulation

scheme

- | Data modulation

- | Modulation scheme is decided by MAC Scheduler (QPSK., 16QAM and 64QAM).

- Mapping to physical resource

- L2-controlled resource assignment.

I Recemver I_I Node UE —I Transmitter I

Channel-state ~ ~ =======g ieations

information, etc.

ACKNACK

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

QAM bits per symbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER SYMBOL SYMBOL RATE
BPSK 1 1 x bit rate
QPSK 2 1/2 bit rate
8P5K 3 1/3 bit rate
160AM 4 174 bit rate

320AM 5 1/5 bit rate
GdQAM ] 1/6 bit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).

7.1.3  16QAM

In case of HM)AM modulation, quadruplets of bits, W) Bi+ 1, b(i+ 20801 +3) . are mapped to complex-valued
modulbation symbols x=I+30 according to Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By bli 4 1 i+ 2] bid+3) i Q
0000 o i
0001 i 3o
o010 3o o
o011 e 3o
o100 Yo o
o101 AT T
o110 iffin o
044 iffic 3o
1000 T
1001 T
1040 T TR T 7]
101 e 3o
oo Ry T
o1 T -y
o T T
1 Ve
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(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

7.14  640AM

In case of $40AM modulshon. hextuplets of bits, a5+ 1080+ I +3Lb{1+ £).b(i + 51, are mapped to complex:
valued modulation symbals v+ sccordmg 1o Table 7.1.4-1.

Tabdo 7.1.4-9: G40AM modulation mapping
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B00010 T YA ) 101 [ CEI 7
#0001 WE = 100011 WE T
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200110 iz giar 100118 [T T ¥
800111 Wi = 18eH11 A e
aaim0 LT T g 11008 N T
D010 sE 1100 TH O T
a0 e e 1y W
an1ot E 181011 WE e
sat1en T shaEE 1014008 ET N T 5
LR T e 10 t ¥ (T
L IRRL m g e W shE
Bo1111 e 1e11 b2 o I
000 WaE -yl 110000 CT N S TA
aHobiH 1 TSR ¥ ) 118001 dm
00 |7 FER T ¥ 7y 1e0ie [V PR T X 5
0Dt [T T N 118011 ey W
Pt WE -slfE 110108 T -iE
[0 iz 4 5] 118401 ET R . N )
0110 Wiz -sfEE EEL IS Wz -
LR Wae e REL LR e e
o100 i oyl 111008 LT i A )
st T CT 111001 S E
stipin e -yl 11me e -yl
i e - 11011 e e
a11100 sz -slfiE 111800 ffE e
LLRET B E RRRLT YT =
a1 g -l Mg o/ S M 5]
LIRREL e e M1 e -ifa

(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

34, Upon information and belief, the Accused Instrumentality practices performing the
first transmission by transmitting the first data symbols (e.g., output of modulation block
performing said first modulation scheme) over a first diversity branch to the receiver (e.g.,

mapping from assigned resource blocks to the first available number of antenna ports). The
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Accused Instrumentality discloses a first diversity branch wherein the output of modulation block,
i.e., first data symbols, is transmitted over a first diversity branch which is indicated in case of
Multi-antenna processing wherein mapping from assigned resource blocks to the first available

number of antenna ports.

- No control of interleaving by higher layers.

- Data modulation

- Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).
- Mapping to physical resource

- L2-controlled resource assignment. Transmitting the first data symbols over a first diversity branch to the receiver

- | Multi-antenna processing

- | MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

- Support of L1 control signalling
- Transmission of ACK/NAK and CQl feedback related to DL data transmission
The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-AR() related information (exact info is FFS) associated with the PUSCH, to
the peer HARQ process at the receiver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

| Rece'rverl—l Node BL“‘r
. ations

Indic.
Channel-state ,_—l'-' g}
information, efc. »

Transmitting the first data
symbols over a first
diversity branch to the

recefver

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission
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(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The

basic idea is that 2 or more packets received with insufficient information can be combinad together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone First transmission
Transmitter
Second data
svmbol
/ACK / NACK |
\ New Received
Recelver t]
Buffared
LTE Base Station —r

HARQ Processing

IPirst data S}mboll ( )+ | ) = |

Buflere Hew Hacgread

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals R, and if available R, according to [8] can be used.

[f receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values
of all diversity branches.

(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).
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5.2 Overview of L1 functions

The physical layer offers data transport services to higher layers. The access to these services is through the use of a
transport channel via the MAC sub-layer. The physical layer is expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers

- FEC encoding/decoding of the transport channel

Hybrid ARQ soft-combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Multiple Input Multiple Output (MIMO) antenna processing

- Transmit Diversity (TX diversity)

-  Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subelauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

35.  Upon information and belief, the Accused Instrumentality practices performing
receiving at the transmitter (e.g., the Accused Instrumentality) the repeat request (e.g., HARQ
retransmission request in the form of NAK) issued by the receiver (e.g., LTE base station) to
retransmit the data packets in case the data packets of the first transmission have not been

successfully decoded (e.g., Error indication in the data received).
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| Rece:'n'erl— Node B |Repeat rejquest UE
|

Representation to
unsuccessully T wmwa | L
decoding m om. T AT Wom {i':I'j
{1t soduc :
...... = o-:ﬂfﬁ» I o g 4.7._—.1-
. L :
i | Deinterleaving 3 Repeat request
Modulation issued by the
e 0 receiver to
Resourcs 1 transmitter
s 1
prtonna | :
1
T
Ty Ly
Figure 6.1.1-1: Physical-layer model for UL-SCH transmission
(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18,2018 admin % Future Network Optimization, LTE, RF Basics, Tech Fundas

HARO stands for Hybrid Automatic Repeat Reguest. HARQ = ARQ + FEC {Forward Error Caorrection)/Soft Combining,

ARQ refers to Automatic Repeat Request i.2. if sender doesn’t receive Acknowledgement (ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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Soft Combining is an error correction technique in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/LTE cellular phone

—_—
Transmitter ] l [ Repeat request
L

. " . "
4 ¥ ' Y

i /ACK N l’um:n i o
. rd
s

LY

,

. New Received

v h
Recelver ‘
LTE Base Station I Eul‘l‘eredl

[Unsuccessfully HARQ Processing
decoded data :_
pECKEtS Flusfir el + ME BOCP u1| .

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

36. Upon information and belief, the Accused Instrumentality practices modulating, in
response to the received repeat request (e.g., HARQ retransmission request in the form of NAK),
said data packets at the transmitter using a second mapping of said higher order modulation scheme
(e.g., one of QPSK, 16QAM and 64 QAM- which is distinct from the first modulation scheme) to
obtain second data symbols (e.g., output of modulation block using a second modulation scheme).
As shown below, the Accused Instrumentality on repeat request i.e., receiving the retransmission
request in the form of NAK, enables a second mapping of said higher order modulation scheme
(i.e. an Adaptive Re-transmission having a different Modulation Coding Scheme (MCS) than the

one used for transmission i.e. first higher order modulation scheme).
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Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that

total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellar phone

Repeat request
Transmitter Q
My ACK I: NACK I \\
: MNew Received
Receiver D

Buffersd
LTE Base Station

HARQ Processing

L3+ [N = 8

Buifferedd N OO

HARQ Re-transmissions Types

HARQ Re-transmissions are alsoc of 2 types:-

& Adaptive re-transmission,
* MNon-adaptive re-transmission,

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission

Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RY), sub-carrier on which

transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These
attributes can be changed accerding to radic channel conditions, hence, it again provides flexibility but increases
averhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-Ite-fdd/).

51



Case: 1:22-cv-06660 Document #: 1 Filed: 11/29/22 Page 52 of 74 PagelD #:52

No control of interleaving by higher layers.

Higher order modulation
scheme

Data modulation

Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

Mapping to physical resource
L2-controlled resource assignment.
Multi-antenna processing

MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Support of L1 control signalling Second transmission ie. re-

transmission based on a repeat
Transmission of ACK/NAK and CQI feedback related to DL data transmission | request ie. NAK

The model of Figure 6.1.1 also captures

Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH. to

the peer HARQ) process at the recerver side:

5.3 L1 interactions with|MAC retransmission functionality

Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

Second transmission i e HARQ) retransmission based on a
repeat request

[l —{Node ], [Repesreaues UE
.|

ARQ re-
transmission
method

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

52



Case: 1:22-cv-06660 Document #: 1 Filed: 11/29/22 Page 53 of 74 PagelD #:53

QAM bits per symbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER 5YMBOL SYMBOL RATE
BPSK 1 1 x bit rate
QPSKE 2 1/2 bit rate
8PSK 3 1/3 bit rate

160AM 4 174 bit rate
320AM 5 175 bit rate
640 AM B 1/ kit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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7.1.3 16QAM

In case of H)AM modulation, quadruplets of bits, Wi B+ 1y bii+ 20800 +3) . are mapped o complex-valued
modulation symbols x=H30 acconding to Table T.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By b+ 1) Wi+ 21 bii+3) 1 Q
0600 ydin o
0001 o 3o
0010 £V TR T M 7}
0011 e 3o
0100 yfin o
o0 o -3
o110 iffin o
0111 £ TR ¥ 77
1000 TR 7}
1001 — i 3f
1010 -3fin o
1011 -3ie 3o
1100 BTN V- N T7)
1104 i —3fiio
1110 1 ¥ [T ¥ 7]
1111 —yfyin —3fJn
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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714  B40AM

In case of S40AM modulation. hestuplets of bits, SakSl+ 10+ 2L+ 2 bfi + 4], 8(: + 51, are mapped o complex
valued modulabion symbols s={+j( accordmg 1o Table 7.1.4-1.

Tablo 7.1.4-1: 640AM modulation mapping
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(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).

37.  Upon information and belief, the Accused Instrumentality practices performing, in
response to the received repeat request (e.g., retransmission request in the form of NAK), the
second transmission (e.g., retransmission) by transmitting the second data symbols (e.g., output of
modulation block using a second modulation scheme) over a second diversity branch to the
receiver (e.g., mapping from assigned resource blocks to the later available number of antenna

ports). The Accused Instrumentality discloses a second diversity branch wherein the output of
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modulation block i.e., second data symbols is transmitted over a second or later diversity branch
which is indicated in case of Multi-antenna processing wherein mapping from assigned resource
blocks to the later available number of antenna ports.

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/! LTE cellular phone

Repeat request
Tranamittar Q
o4 /
oY !' NACK

L

\ . MNew Received Transmitted second
data symbol

Receiver

Buffered

LTE Base Station i
HARQ Processing

£33+ LI = (I3

Fur et exi L Rt ]

HARQ Re-transmissions Types

HARQ Re-transmissions are also of 2 types:-

& Adaptive re-transmission,

* Mon-adaptive re-transmission.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission
Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which
transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These

attributes can be changed according to radie channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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- No control of interleaving by higher layers.

- Data modulation

- Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).
- Mapping to physical resource

; Transmitting the second data symbols over a second diversity branch
- L2-controlled resource assignment.

- | Multi-antenna processing

- | MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

- Support of L1 control signalling
- Transmission of ACK/NAK and CQl feedback related to DL data transmission
The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-AR() related information (exact info is FFS) associated with the PUSCH, to
the peer HARQ process at the receiver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

UE —|Transmitter I

Transmitting the
second data
symbols over a
second diversity
branch

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals Ry and if available R, according to [8] can be used.

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values
of all diversity branches.

(E.g., https://www.etsi.org/deliver/etsi ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).

57



Case: 1:22-cv-06660 Document #: 1 Filed: 11/29/22 Page 58 of 74 PagelD #:58

5.3 L1 interactions with|[MAC retransmission functionality

Second transmission i e HARQ) retransmission based on a
repeat request

5.2 Overview of L1 functions

The physical layer offers data transport services to higher layers. The access to these services is through the use of a
transport channel via the MAC sub-layer. The physical layer 1s expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers
- FEC encoding/decoding of the transport channel

- Hybnd ARQ soft-combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Multiple Input Multiple Output (MIMO) antenna processing

- Transmit Diversity (TX diversity)

-  Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subclauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

38. Upon information and belief, the Accused Instrumentality, at least in its internal
testing and usage, utilizes a base station which practices demodulating the received first (e.g.,
output of modulation block performing said first modulation scheme) and second data symbols
(e.g., output of modulation block using a second modulation scheme) at the receiver (e.g., LTE
Base Station) using the first and second mappings (e.g., the mappings corresponding to

transmission and retransmission Modulation Coding Scheme). As shown below, the Accused
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Instrumentality, at least in its internal testing and usage, utilizes a base station which practices
demodulation of first (e.g., output of modulation block performing said first modulation scheme)
and second data symbols (e.g., output of modulation block using a second modulation scheme) at
the LTE Base Station using the first and second mappings i.e., Modulation Coding Scheme which
are distinct for transmission and Adaptive Re-transmission (i.e., an Adaptive Re-transmission
having a different Modulation Coding Scheme (MCS) than the one used for transmission i.e. first
higher order modulation scheme).

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined togsther in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/ LTE celular phone

Transmitter [:
: Second data

symbol

\ / /ACK f’ NACK _"'*- |
\'\ / - L ",

. f ~ . MNew Recelved

Buffered
LTE Base Station I S
IFirst data S}'ﬂlbDlI [ )+ [ ) = | ]

T New i ogivis]

HARQ Re-transmissions Types

HARQ Re-transmissions are also of 2 types:-

* Adaptive re-transmission,

* Mon-adaptive re-transmission.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission
Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which
transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These

attributes can be changed according to radic channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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- No control of interleaving by higher layers.

- | Data modulation Higher order modulation
scheme
- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i.e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control signalling

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH. to
the peer HARQ) process at the recerver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

5.3 L1 interactions with|MAC retransmission functionality

Second transmission i e. HARQ) retransmission based on a
repeat request

Repeat request UE

ARQ re-
transmission
method

Demodulating the
recetved first and
second data
symbols

Higher order
modulation scheme

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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QAM bits per symbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER 5YMBOL SYMBOL RATE
BPSK 1 1 x bit rate
QPSKE 2 1/2 bit rate
8PSK 3 1/3 bit rate

160AM 4 174 bit rate
320AM 5 175 bit rate
640 AM B 1/ kit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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7.1.3 16QAM

In case of [HQAM modulation, quadrupbets of bits, Si}, i+ 1), b0+ 2101 + 3}, are mapped to complex-valued
modulation symbols x=I43(F according 1o Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By, bid 4 1) B f+ 2] bl +3) i Q
0000 Wi i
0001 Win 3o
o010 TR TA T
o014 e 3o
o100 Wie e
o101 Wi -3iie
o110 o o
o111 EFIN (TR T
1000 LA Y4
1001 i 4
1010 Ty
1011 -3l 3o
1100 S
tor T e
1110 Ty
Y e
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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714 B40AM

In case of S40AM modolstion. hextuplets of bits, SaL b+ 108+ LB +3 )50+ 4).5(¢ + 5], are mapped to complex:
valned modulation symbals e=j{ accordmg i Table 7.1.4-1.

Tabde 7.1.4-1- 640.AM modulation mapping
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(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

39. Upon information and belief, the Accused Instrumentality, at least in its internal
testing and usage, utilizes a base station which practices diversity combining (e.g., Hybrid ARQ
soft-combining) the demodulated data received over the first (e.g., mapping from assigned
resource blocks to the first available number of antenna ports) and second diversity branches (e.g.,
mapping from assigned resource blocks to the later available number of antenna ports). The

Accused Instrumentality, at least in its internal testing and usage, utilizes a base station which
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performs a diversity combining i.e., Hybrid ARQ soft-combining of data from multiple received

antenna ports.

- No control of interleaving by higher layers.

- Data modulation

- Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).
- Mapping to physical resource

- L2-controlled resource assignment.

- | Multi-antenna processing

- | MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

- Support of L1 control signalling
- Transmission of ACK/NAK and CQI feedback related to DL data transmission
The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-AR() related information (exact info is FFS) associated with the PUSCH, to
the peer HARQ) process at the receiver side:

- Transport via physical layer of corresponding HAR(Q acknowledgements to PUSCH transmuitter side.

Transmitting first
and second
symbols over
diversity branches

Received over the
first and second
diversity branches

Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi _ts/136300_136399/136302/08.00.00_60/

ts 136302v080000p.pdf).
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specific reference signals within the considered measurement frequency bandwidth. For RSRP determination the cell-
specific reference signals R, and if available R, according to [8] can be used.

[f receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values
of all diversity branches.

5.3 L1 interactions with|MAC retransmission functionality

Second transmission i e. HARQ) retransmission based on a
repeat request

5.2 Overview of L1 functions

The physical laver offers data transport services to higher layers. The access to these services is through the use of a
transport channel via the MAC sub-layer. The physical layer is expected to perform the following functions in order to
provide the data transport service:

- Error detection on the transport channel and indication to higher layers
- FEC encoding/decoding of the transport channel

- Hybrid ARQ sofi-combining  Diversity combining

- Rate matching of the coded transport channel to physical channels

- Mapping of the coded transport channel onto physical channels

- Power weighting of physical channels

- Modulation and demodulation of physical channels

- Frequency and time synchronisation

- Radio characteristics measurements and indication to higher layers

- Muliiple Input Multiple Output (MIMO) antenna processing

- Transmit Diversity (TX diversity)

-  Beamforming
- RF processing. (Note: RF processing aspects are specified in the TS 36.100)

L1 functions are modelled for each transport channel in subelauses 6.1 and 6.2.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300_136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a8 buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that
total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

Transmitier L J

\. i A

N / Ak "}'Q\\ / wack \ Diversity combining
B N 4 N, New Received the demodulated
pronn. T SIS
data
Receiver I
Buffered I

HARQ Processing

( J+ B

= | ]

Finafiasq e Wew Bao@ived

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).

40. Upon information and belief, the Accused Instrumentality, at least in its internal
testing and usage, utilizes a base station receiver wherein the first and second mapping of said
higher order modulation schemes are pre-stored in a memory table (e.g., modulation schemes are
decided by MAC Scheduler). The Accused Instrumentality performs a first higher order data
modulation such as 16QAM and 64 QAM wherein has more than two data bits are mapped onto
one data symbol (i.e., in case of 16QAM it transmits 4 bits per symbol whereas in the case of
64QAM it transmits 6 bits per symbol). The Accused Instrumentality on repeat request i.e.
receiving the retransmission request in the form of NAK, enables a second mapping of said higher
order modulation scheme (i.e., an Adaptive Re-transmission having a different Modulation Coding

Scheme (MCS) than the one used for transmission i.e., first higher order modulation scheme).
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Hybrid Automatic Repeat Request (HARQ) in LTE FDD

October 18,2018 admin Future Network Optimization, LTE, RF Basics, Tech Fundas

HARO stands for Hybrid Automatic Repeat Reguest. HARQ = ARQ + FEC {Forward Error Caorrection)/Soft Combining,

ARQ refers to Automatic Repeat Reguest i.e. if sender doesn’t receive Acknowledgement (ACK) before timeout, the receiver
discards the bad packet and sender shall re-transmits the packet. ARQ procedure is illustrated below :

Soft Combining is an error correction technigue in which the bad packets are not discarded but stored in a buffer. The
basic idea is that 2 or more packets received with insufficient information can be combined together in such a way that

total signal can be decoded. HARQ procedure is as follows

Hybrid Automatic Repeat Request (HARQ)

UE/ LTE cellular phone

Repeat request
Transmitter Q

\\\ ACK k NACK I
: / \\ New Received

Buffered
LTE Base Station

HARQ Processing

L3+ [N = 18

Buifferedd N OO

HARQ Re-transmissions Types

HARQ Re-transmissions are also of 2 types:-

* Adaptive re-transmission,
* Mon-adaptive re-transmission.

Adaptive Re-transmission: Second mapping of said higher order modulation scheme for re-transmission

Here, the transmission attributes like Modulation Coding Scheme (MCS), Redundancy Version (RV), sub-carrier on which

transmission is going to occur, does not remain same during each re-transmission but are notified by the sender. These

attributes can be changed according to radic channel conditions, hence, it again provides flexibility but increases
overhead.

(E.g., http://www.techplayon.com/hybrid-automatic-repeat-request-harg-in-lte-fdd/).
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6.1 Upilnk model Data packets transmitted from a transmitter i.e. UE/ LTE cellular phone
to a receiver i.e. LTE base station

6.1.1 Uplink Shared Channel

The physical-layer model for Uplink Shared Channel transmission is deseribed based on the corresponding physical-
layer-processing cham, sec Figure 6.1.1. Processing steps that arc relevant for the physical-layer model, e.g. in the sensc
that they are configurable by higher layers, are highlighted 1n blue. It should be noted that, in case PUSCH, the
scheduling decision 1s partly made at the network side, if there 1s no blind decoding it is fully done at the network side.
The uplink transmission control in the UE then configures the uplink physical-layer processing, based on uplink
transpori-format and resource-assignment information received on the downlink.

- Higher-layer data passed to/from the physical layer

- One transport block of dynamic size delivered to the physical layer once every TTL
- CRC and transport-block-error indication

- Transport-block-error indication delivered to higher layers.

- FEC and rate matching

= Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource

sselgumneat; ARQ) re-transmission method

- Physical layer model support of HARG): in case of Incremental Redundancy. the corresponding Laver 2 Hybrid-
ARC) process controls what redundancy version 1s 1o be used for the physical layer transmission for each TTL

- Imterleaving

- No control of interleaving by higher layers. Biosimad s eurssceniiii
- | Data modulation Higher order modulation
scheme

- | Modulation scheme is decided by MAC Scheduler (QPSK, 16QAM and 64QAM).

- Mapping to physical resource
- L2-controlled resource assignment.
- Multi-antenna processing

- MAC Scheduler partly configures mapping from assigned resource blocks to the available number of antenna ports.

Second transmission i e. re-
transmission based on a repeat
- | Transmission of ACK/NAK and CQI feedback related to DL data transmission | requestie. NAK

- | Support of L1 control signalling

The model of Figure 6.1.1 also captures

- Transport via physical layer of Hybrid-ARQ related information (exact info is FFS) associated with the PUSCH. to
the peer HARQ) process at the recerver side:

- Transport via physical layer of corresponding HARQ acknowledgements to PUSCH transmitter side.

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 _136399/136302/08.00.00_60/

ts_136302v080000p.pdf).
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5.3 L1 interactions with|MAC retransmission functionality

Second transmission i e HARQ) retransmission based on a
repeat request

[Receiver —{Node B =~ |Repestreaes UE
1 44 o

ARQ re-
transmission
method

Higher order
= modulation scheme
at the receiver

Higher order
modulation scheme

aaaaaaaaaaaaaaa

IPrE—stored modulation scheme
Figure 6.1.1-1: Physical-layer model for UL-SCH transmission

(E.g., https://www.etsi.org/deliver/etsi_ts/136300 136399/136302/08.00.00_60/

ts_136302v080000p.pdf).

QAM bits per SymbOI Higher order modulation scheme

The advantage of using QAM is that it is a higher order form of modulation and as a result it is able to carry
more bits of information per symbol. By selecting a higher order format of QAM, the data rate of a link can be
increased.

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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QAM FORMATS & BIT RATES COMPARISON

MODULATION BITS PER 5YMBOL SYMBOL RATE
BPSK 1 ] x bit rate
QPSKE 2 1/2 bit rate
8PSK 3 1/3 bit rate
160AM 4 174 bit rate
320AM 5 1/5 bit rate
640 AM B 1/6 bit rate

Respresenting more than two data bits are mapped onto one data symbol

(E.g., https://www.electronics-notes.com/articles/radio/modulation/quadrature-amplitude-

modulation-types-8gam-16gam-32gam-64gam-128gam-256gam.php).
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7.1.3 16QAM

In case of [HQAM modulation, quadrupbets of bits, Si}, i+ 1), b0+ 2101 + 3}, are mapped to complex-valued
modulation symbols x=I43(F according 1o Table 7.1.3-1.

Table 7.1.3-1: 160AM modulation mapping

By, bid 4 1) B f+ 2] bl +3) i Q
0000 Wi i
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o014 e 3o
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1100 S
tor T e
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Y e
(E.g., https://www.etsi.org/deliver/etsi ts/136200_136299/136211/08.07.00_60/

ts 136211v080700p.pdf).
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714 640AM

In case of S40AM modulation. hextuplets of bits, S} &+ 1881+ ZLb1+3 )51+ 4).6(: + 5], are mapped to complex:
valued modulation symbals s=1+{J accordmg 1o Table 7.1.4-1.

Tabdo 7.9.4-1- 640AM modulation mapping
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(E.g., https://www.etsi.org/deliver/etsi_ts/136200 136299/136211/08.07.00_60/

ts_136211v080700p.pdf).

41. Plaintiff has been damaged as a result of Defendant’s infringing conduct.
Defendant is thus liable to Plaintiff for damages in an amount that adequately compensates
Plaintiff for such Defendant’s infringement of the ‘961 Patent and ‘622 Patent, i.e., in an amount
that by law cannot be less than would constitute a reasonable royalty for the use of the patented
technology, together with interest and costs as fixed by this Court under 35 U.S.C. § 284.

42. On information and belief, Defendant has had at least constructive notice of the

‘961 Patent and ‘622 Patent by operation of law and marking requirements have been complied
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with. Swirlate is only asserting method claims in this complaint and as such the marking
requirements of 35 U.S.C. 287(a) do not apply and have thus been complied with. Crown
Packaging Technology, Inc. v. Rexam, Beverage Can Co., 559 F.3d 1308, 1316-1317 (Fed. Cir.
2009) (“Because Rexam asserted only the method claims of the ‘839 patent, the marking
requirement of 35 U.S.C. 287(a) does not apply.”); Hanson v. Alpine Valley Ski Area, Inc., 718
F.2d 1075, 1083 (Fed.Cir. 1983) (“It is ‘settled in the case law that the notice requirement of this
statute does not apply where the patent is directed to a process or method.” (Quoting Bandag, Inc.
v. Gerrard Tire Co., 704 F.2d 1578, 1581, 217 USPQ 977, 979 (Fed. Cir. 1983)); Intellectual
Ventures I LLC v. Symantec Corp., 2015 U.S. Dist. LEXIS 6399 *3 (D.Del. Jan. 21, 2015).

IV. JURY DEMAND

Plaintiff, under Rule 38 of the Federal Rules of Civil Procedure, requests a trial by jury of
any issues so triable by right.

V. PRAYER FOR RELIEF

WHEREFORE, Plaintiff respectfully requests that the Court find in its favor and against
Defendant, and that the Court grant Plaintiff the following relief:

a. Judgment that one or more claims of United States Patent No. 7,154,961 have been
infringed, either literally and/or under the doctrine of equivalents, by Defendant;

b. Judgment that one or more claims of United States Patent No. 7,567,622 have been
infringed, either literally and/or under the doctrine of equivalents, by Defendant;

c. Judgment that Defendant account for and pay to Plaintiff all damages to and costs
incurred by Plaintiff because of Defendant’s infringing activities and other conduct
complained of herein;

d. That Plaintiff be granted pre-judgment and post-judgment interest on the damages
caused by Defendant’s infringing activities and other conduct complained of
herein;

e. That Plaintiff be granted such other and further relief as the Court may deem just

and proper under the circumstances.
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November 29, 2022 DIRECTION IP LAw

/s/Steven G. Kalberg

David R. Bennett (IL Bar No.: 6244214)
Steven G. Kalberg (IL Bar No.: 6336131)
PO Box 14184

Chicago, Illinois 60614-0184

Telephone: (312) 291-1667
dbennett@directionip.com
skalberg@directionip.com

Attorneys for Plaintiff Swirlate IP LLC
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