U.S. Pat. No. 9,814,071

Accused Products

1. A method for enabling
a receiving node to
distinguish information
simultaneously received
from a plurality of
transmitting nodes on a
shared communication
channel of a wireless
digital network, the
method comprising:

Cellular

To the extent the preamble is construed as a limitation, the Accused LTE/5G Base Stations use a method for
enabling a receiving node to distinguish information simultaneously received from a plurality of transmitting
nodes (e.g., UEs) on a shared communication channel of a wireless digital network.

See e.g., 3GPP TS 36.300 V10.12.0 (2014-12):

4 Overall architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol
terminations towards the UE. The eNBs are interconnected with each other by means of the X2 interface. The eNBs are also connected
by means of the S1 interface to the EPC (Evolved Packet Core), more specifically to the MME (Mobility Management Entity) by means
of the S1-MME interface and to the Serving Gateway (S-GW) by means of the S1-U interface. The S1 interface supports a many-to-
many relation between MMEs / Serving Gateways and eNBs.

The E-UTRAN architecture is illustrated in Figure 4 below.
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Accused Products

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher layers and is the
interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH

5.1.2 Physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers. The following
uplink physical signals are defined:

- Reference signal

See e.g., 3GPP TS 36.300 V10.12.0 (2014-12):

4.1 Overall Architecture

An NG-RAN node is either:
- agNB, providing NR user plane and control plane protocol terminations towards the UE; or

- anng-eNB, providing E-UTRA user plane and control plane protocol terminations towards the UE.

The gNBs and ng-eNBs are interconnected with each other by means of the Xn interface. The gNBs and ng-eNBs are also
connected by means of the NG interfaces to the 5GC, more specifically to the AMF (Access and Mobility Management
Function) by means of the NG-C interface and to the UPF (User Plane Function) by means of the NG-U interface (see TS
23.501 [3]).

NOTE: The architecture and the F1 interface for a functional split are defined in TS 38.401 [4].

The NG-RAN architecture is illustrated in Figure 4.1-1 below.
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providing a plurality of Cellular

parameter channels on The Accused LTE/5G Base Stations provide a plurality of parameter channels on the network in addition to the
the network in addition to | shared communication channel (e.g., data portion of a frame).
the shared

communication channel;
See e.g., 3GPP TS 36.211 V10.7.0 (2013-02):

5.5.2 Demodulation reference signal

55.2.1 Demodulation reference signal for PUSCH

55.2.1.1 Reference signal sequence

The PUSCH demodulation reference signal sequence r}%)SCH () associated with layer 4 e {0,1,...,1) - 1} is defined by
Sihen bn MES )= w2 me )
where
m=0,1
n=0,.,MR 1
and

RS _ PUSCH
Msc - Msc

(ay)

Section 5.5.1 defines the sequence i;,(fi*?)(O),...,rw (MslzS —1) . The orthogonal sequence w(m) is given by [wl 0 wt (1)] = [1 1]

for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the
most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission, otherwise it is given by
Table 5.5.2.1.1-1 using the cyclic shift field in most recent uplink-related DCI [3] for the transport block associated with the
corresponding PUSCH transmission.

The cyclic shift r; in aslot ng is givenas «; =2 , /12 with

_{,,(D (2)
Res,p = (nDMRS T HpMRs,2 TN (”s))mOd12
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where the values of nl(algzms is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers, ngg/m& , 1s

given by the cyclic shift for DMRS field in most recent uplink-related DCI [3] for the transport block associated with the corresponding
PUSCH transmission where the value of ”1()21\)/1113, , is given in Table 5.5.2.1.1-1.

TS 38.211 v15.10.0:

6.4.1.1 Demodulation reference signal for PUSCH
6.4.1.1.1 Sequence generation
6.4.1.1.1.1 Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence () shall be generated according to

"(’1):L(l—Z-c(Zn))+jL(l—2~c(2n+])).

V2 V2

where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
Guie = (27 (Nl +1+1) (2N} +1) +2Ni5™ + 1y, Jmod 2

where [ is the OFDM symbol number within the slot, nf_ ¢ is the slot number within a frame, and

- N[%, NI}) € {0,1, ...,65535} are given by the higher-layer parameters scrambling/D0 and scramblingiID1, respectively,
in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or by a PUSCH transmission
with a configured grant;

- N[% € {0,1, ...,65535} is given by the higher-layer parameter scrambling/DO in the DMRS-UplinkConfig IE if provided
and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;

n cell .
- Np™ =N otherwise.
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The quantity ngcip € {0,1} is indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH
transmission if DCI format 0 1 in [4, TS 38.212] is used or by the higher layer parameter dmrs-Seqlnitialization, if present, for a Type 1
PUSCH transmission with a configured grant, otherwise ngcp = 0.

The Accused LTE/SG UEs provide a plurality of parameter channels on the network in addition to the shared
communication channel (e.g., data portion of a frame).
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unshared said parameter | ..o o 3GPP TS 36.211 V10.7.0 (2013-02):
channel;

5.5.2 Demodulation reference signal
5.5.2.1 Demodulation reference signal for PUSCH

5.5.2.1.1 Reference signal sequence

The PUSCH demodulation reference signal sequence rg{})SCH () associated with layer A € {0,1,...,U - 1} is defined by
rBrs - MES 4 1)= W () ()

where

m=0,1
n=0,.,M -1

2 SC
and

RS _ PUSCH
Msc - Msc

Section 5.5.1 defines the sequence nfﬁ*)(O),...,rLfﬁ‘)(Mslis —1) . The orthogonal sequence w (m) is given by [wﬂ 0y w* (1)] = [1 1]

for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the
most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission, otherwise it is given by
Table 5.5.2.1.1-1 using the cyclic shift field in most recent uplink-related DCI [3] for the transport block associated with the
corresponding PUSCH transmission.

The cyclic shift «r; in aslot ng is given as a; =2, /12 with

Aesp = (nl()ll)\/IRS + M5rs 4 + PN (ns))modl2
where the values of ”1()112/1115 is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers, ”1(3213/11{3, S s

given by the cyclic shift for DMRS field in most recent uplink-related DCI [3] for the transport block associated with the corresponding
PUSCH transmission where the value of ng]z,ms’/JL is given in Table 5.5.2.1.1-1.
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The first row of Table 5.5.2.1.1-1 shall be used to obtain ”1()21\)4125,0 and WP (m) if there is no uplink-related DCI for the same transport

block associated with the corresponding PUSCH transmission, and
- if the initial PUSCH for the same transport block is semi-persistently scheduled, or
- if the initial PUSCH for the same transport block is scheduled by the random access response grant.

The quantity npy(n,) is given by

7 i
no(n)= D 8Ny -y +1)-2

where the pseudo-random sequence c¢(i) is defined by section 7.2. The application of c(i) is cell-specific. The pseudo-random sequence

cell
generator shall be initialized with ¢, :{ 3'8 J~25 + fSEUSCH at the beginning of each radio frame.

init

The vector of reference signals shall be precoded according to

~(0) (0)
rpuscH FpuscH
: =W|

~(P-1) (v-1)
fpusch rpusch

where P is the number of antenna ports used for PUSCH transmission.
For PUSCH transmission using a single antenna port, P=1, W =1and v=1.

For spatial multiplexing, P =2 or P =4 and the precoding matrix # shall be identical to the precoding matrix used in Section
5.3.3A.2 for precoding of the PUSCH in the same subframe.
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Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to n%), , and [w“)(O) wH (D) .

5.5.2.1.2

Cyclic Shift Field in MRS, [w(’”(O) w(“(l)]
uplink-related DCI format [3] a=01 a=114=2141=3 A=0 1=1 1=2 1=3
000 0 6 3 9 1] M1 | =1 |1 1]
001 6 0 9 < VR | I I [ | I | S | 1]
010 3 9 6 o | [t 1] [ 1] | [ 1 1]
011 4 10 7 1 1] 1 1] 1 1] 1]
100 2 8 5 11 1] 1] 1] 1 1]
101 8 2 11 5 | -] |0 -] [t =] | -1
110 10 4 1 ZZ0 B VR | R R ) I | R | I | QS |
111 9 3 0 6 1] 1] [ -] | [ -]
Table 5.5.2.1.1-2: Mapping of cyclicShift to n});.. values.
cyclicShift ngg/ms
0 0
1 2
2 3
3 4
4 6
5 8
6 9
7 10

Mapping to physical resources
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For each antenna port used for transmission of the PUSCH, the sequence ﬁf@gcﬂ () shall be multiplied with the amplitude scaling factor

PBrusca and mapped in sequence starting with FP(UﬁS)CH (0) to the resource blocks. The set of physical resource blocks used in the mapping
process and the relation between the index p and the antenna port number p shall be identical to the corresponding PUSCH
transmission as defined in Section 5.3.4. The mapping to resource elements (k,/) , with / =3 for normal cyclic prefix and / =2 for

extended cyclic prefix, in the subframe shall be in increasing order of first £ , then the slot number.

See e.g., 3GPP TS 38.211 V18.0.0 (2023-09):

6.4.1.1.3 Precoding and mapping to physical resources

The sequence D shall be mapped to the intermediate quantity

~(Dj,i)

d,; ~accordingto

if transform precoding is not enabled,

- if the higher-layer parameter dmrs-TypeEnh is configured

a7 = ik w(U)r ¢ + k')

8n+2k' + A configuration type 1
k=<{12n+k'+A configuration type 2, k' = 0,1
12n+ k' + A+ 4 configuration type 2, k' = 2,3
k'=0123
L=10+0
=01,

- otherwise

a7 = wi (kw1 2n + k)
i = {4n + 2k’ + A configuration type 1
“6n+k'+A  configuration type 2

kK'=0,1
=147
n=201,..

j=01,..,v-1
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- if transform precoding is enabled
are® = wilk w,(1r(2n + k')
k=4n+2k'+ A
k'=01
I=I+0
n=201,..
Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.
p CDM group 1 A wi(0) .. wi(3)] (wi(0) wy(D)]
0 0 0 [+1 +1 +1 +1] [+1 +1]
1 0 0 [+1 -1 +1 —1] [+1 +1]
2 1 1 [+1 +1 +1 +1] [+1 +1]
3 1 1 [+1 -1 +1 -1] [+1 +1]
4 0 0 [+1 +1 +1 +1] [+1 —1]
5 0 0 [+1 -1 +1 —1] [+1 —1]
6 1 1 [+1 +1 +1 +1] [+1 —1]
7 1 1 [+1 -1 +1 —1] [+1 —1]
8 0 0 [+1 + -1 —j] [+1 +1]
9 0 0 [+1 = -1 4j] [+1 +1]
10 1 1 [+1 + -1 —j] [+1 +1]
11 1 1 [+1 - -1 +4j] [+1 +1]
12 0 0 +1 +j -1 —j] [+1 —1]
13 0 0 [+1 —j -1 +j] [+1 —1]
14 1 1 [+1 4+ -1 —j] [+1 —1]
15 1 1 (+1 - -1 +4j] [+1 —1]
Table 6.4.1.2.1.2-1: The orthogonal sequence |:|
ngnry mod Nggo? Nemp =2 Nemp =4
[w0) wn)] [v(0) w() w(2) w(3)]
0
1
2 -
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- May utilize CRC check (e.g. hard ML-CWIC)
- Same interference knowledge as L-CWIC
- Additionally, assumptions on network coordination may be necessary.
- Symbol level IC (SLIC):

- successive cancellation receiver utilizing successive application of linear detection, reconstruction, and
cancellation

- May have iteration
- Same interference knowledge as ML/R-ML.
- Parallel interference cancellation (PIC):
- Parallel IC as opposed to successive IC, otherwise similar to SIC

- PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC

The Accused Instrumentalities (WiFi) practice a method of detecting and distinguishing the information simultaneously

received from each of the transmitting nodes according to their respective said unique estimated signal parameters.

Wi-Fi Access Point

IEEE Standard 802.11ac (AP)

The Accused Wi-Fi Router Instrumentalities detect and distinguish the information simultaneously received from each of the

transmitting nodes (e.g., WiFi STAs) according to their respective said unique estimated signal parameters.
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071 Claim 2

Accused Products

7" = Byseuwe (K')w, (I')r (2n+ k')

{4;1 +2k'+A  Configuration type 1

6n+k"+A Configuration type 2

k'=0,1
I=1+1
n=0,1,...

where we(k), w(I'), and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:

- the resource elements are within the common resource blocks allocated for PDSCH transmission

TS 36.211 v11.5.
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Citation 47: Channels occupied by HE TB PPDU
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’071 Claim 2

Accused Products

The primary channel-spreading technology used by user equipment (UE) supporting 802.11ac is Orthogonal Frequency
Division Multiplexing (OFDM). OFDM is a modulation technique that divides the available frequency spectrum into
multiple subchannels, each using a different orthogonal carrier frequency. This enables parallel transmission of data
streams over these subchannels, improving spectral efficiency and providing resistance against frequency-selective fading

and interference.
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’071 Claim 3

Accused Products

Wi-Fi Access Point

IEEE Standard 802.11ac (AP)

The Accused Wi-Fi Router Instrumentalities require each transmitting node (e.g., WiFi STAs) to transmit a
parameter-estimating signal (e.g., training field) while simultaneously transmitting information on the shared
communication channel.

The VHT LTF (long training fields) are used by the receiver to estimate the MIMO channel and equalize the
received signal. The number of LTF symbols sent in a packet depends on the number of space-time streams: one
LTF for one space-time stream, two LTFs for two space-time streams, four LTFs for three or four space-time

streams, six LTFs for five or six space-time streams, eight LTFs for seven or eight space-time streams.
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’071 Claim 4

Accused Products

TS 38.211 v15.10.0:

6.4.1.1 Demodulation reference signal for PUSCH

6.4.1.1.1 Sequence generation
6.4.1.1.11 Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence r(r) shall be generated according to

1 1
rny=—(1-2-c2n))+ j—(1-2-c(2n+1)).
(-2 )
where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be
initialized with
o = (27 (Nl + 1 1)(2V/5 +1) 4 2N + ey, Jmod 2

symb
where [ is the OFDM symbol number within the slot, ngf is the slot number within a frame, and

- N[%, NI}J € {0,1,...,65535} are given by the higher-layer parameters scramblingID0 and scramblingID1,
respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1 or by
a PUSCH transmission with a configured grant;

- N €{0,1,...,65535} is given by the higher-layer parameter scrambling/DO in the DMRS-UplinkConfig IE if
provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI,
or CS-RNTI;

e cell .
- Ng™ =N otherwise.

The quantity ngep € {0,1} is indicated by the DM-RS initialization field, if present, either in the DCI associated with the
PUSCH transmission if DCI format 0 1 in [4, TS 38.212] is used or by the higher layer parameter dmrs-Seqlnitialization, if
present, for a Type 1 PUSCH transmission with a configured grant, otherwise ngcp = 0.
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’071 Claim 5

Accused Products

The Accused Instrumentalities (WiFi) wherein the parameter estimating signal is a parameter estimating symbol
pattern.

Wi-Fi Access Point

IEEE Standard 802.11ac (AP)

The accused product supporting Wi-Fi Standard 802.11ac requires each transmitting node to transmit a parameter-
estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to the
training field). Very High Throughput Long Training Field (VHT-LTF) is a symbol used for channel estimation
and synchronization. The VHT-LTT symbol is part of the preamble in the transmission and is employed to assist in

the demodulation process at the receiver.
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’071 Claim 5

Accused Products

If this element is not literally satisfied by the disclosures cited herein, it is satisfied under the doctrine of
equivalents by the disclosures cited herein because the accused functionality would be insubstantially
different from or function in the same way to provide the same result as the relevant claim element.
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071 Claim 6

Accused Products

IEEE Standard 802.11ax (AP)

The accused product supporting Wi-Fi Standard 802.11ax requires each transmitting node to transmit a parameter-
estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to
training field). High-Efficiency Long Training Field (HE-LTF) is a symbol used for channel estimation and
synchronization. The HE-LTF symbol is part of the preamble in the transmission and is employed to assist in the

demodulation process at the receiver.

The High-Efficiency Long Training Field (HE-LTF) in 802.11ax (Wi-Fi 6) is designed to assist in channel
estimation and synchronization. The HE-LTF contain information that allows the device to detect the signal,

perform frequency/phase offset estimation, timing synchronization, etc.
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071 Claim 6

Accused Products

estimation and synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed
to assist in the demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, etc.
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’071 Claim 7

Accused Products

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, timing synchronization, etc.

The Accused Wi-Fi Router Instrumentalities detect the parameter-estimating signals on the unshared parameter
channels and estimate therefrom at least one unique signal parameter for each of the transmitting nodes wherein the

unique signal parameter includes a signal phase.
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’071 Claim 7

Accused Products

and synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed to assist in
the demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, etc.

The user equipment (UE) supporting Wi-Fi standard 8-2.11ac detects the parameter-estimating signals on the
unshared parameter channels and estimates therefrom at least one unique signal parameter for each of the

transmitting nodes wherein the unique signal parameter includes a signal phase.
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’071 Claim 7

Accused Products

applied to training field). High-Efficiency Long Training Field (HE-LTF) is a symbol used for channel estimation
and synchronization. The HE-LTF symbol is part of the preamble in the transmission and is employed to assist in

the demodulation process at the receiver.

The High-Efficiency Long Training Field (HE-LTF) in 802.11ax (Wi-Fi 6) is designed to assist in channel
estimation and synchronization. The HE-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, etc.
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’071 Claim 8

Accused Products

frequency offset of 10%, precoding that considers only six adjacent subcarriers gives already

a SINR gain of 3 dB.

The advantage of carrying out the frequency synchronization at the transmitter by precoding is
that computational load is moved from the receiver to the transmitter.

The Accused Instrumentalities (WiFi) wherein at least one unique signal parameter includes a signal carrier

frequency offset.

Wi-Fi Access Point

IEEE Standard 802.11ac (AP)

The accused product supporting Wi-Fi Standard 802.11ac requires each transmitting node to transmit a parameter-
estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to the
training field). Very High Throughput Long Training Field (VHT-LTF) is a symbol used for channel estimation
and synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed to assist in
the demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, timing synchronization, etc.
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’071 Claim 8

Accused Products

The accused product supporting Wi-Fi Standard 802.11ax requires each transmitting node to transmit a parameter-
estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to
training field). High-Efficiency Long Training Field (HE-LTF) is a symbol used for channel estimation and
synchronization. The HE-LTF symbol is part of the preamble in the transmission and is employed to assist in the

demodulation process at the receiver.

The High-Efficiency Long Training Field (HE-LTF) in 802.11ax (Wi-Fi 6) is designed to assist in channel
estimation and synchronization. The HE-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, timing synchronization, etc.
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’071 Claim 8

Accused Products

synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed to assist in the
demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,
perform frequency/phase offset estimation, timing synchronization, etc.

The user equipment (UE) detect the parameter-estimating signals on the unshared parameter channels and estimate
therefrom at least one unique signal parameter for each of the transmitting nodes wherein the unique signal

parameter includes a signal carrier frequency offset.
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’071 Claim 9

Accused Products

9.2.4 Synchronization

As mentioned before, the multipath channel and the filters will cause delay (timing offset) of the
received signal. The timing offset has to be estimated before further processing of the received signal.
The CFO represents the frequency difference between the carrier frequencies at the transmitter and at
the receiver. If left uncompensated, it will cause a phase rotation of the received signal and the phase
increases linearly with time. The synchronization module performs timing and frequency
synchronization. By assuming common preamble, the timing offset, and CFO are estimated using the
methods in [24] and [23], respectively. One can also choose perfect timing and frequency
synchronization. In the former case, the true value of the timing offset is used for timing
synchronization. In the latter case, the CFO is set to zero and the frequency synchronization module is
disabled (since perfect frequency synchronization results in a CFO-free signal).

The Accused Instrumentalities (WiFi) practice a method wherein the at least one unique signal parameter includes

a signal relative time delay.

A POSITA (Person of Ordinary Skill in the Art) would agree that signals transmitted from different antennas may
take different paths to reach the receiver due to variations in distance or reflections. This can result in differences
in the arrival times of the signals, causing a time delay between them. Based on information and belief the unique

signal parameter may includes a signal relative time delay.

Wi-Fi Access Point
IEEE Standard 802.11ac (AP)

The accused product supporting Wi-Fi Standard 802.11ac requires each transmitting node to transmit a parameter-

estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to the
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’071 Claim 9

Accused Products

training field). Very High Throughput Long Training Field (VHT-LTF) is a symbol used for channel estimation
and synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed to assist
in the demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, etc.
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’071 Claim 9

Accused Products

The user equipment (UE) supporting Wi-Fi Standard 802.11ac requires each transmitting node to transmit a
parameter-estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code
applied to the training field). Very High Throughput Long Training Field (VHT-LTF) is a symbol used for channel
estimation and synchronization. The VHT-LTF symbol is part of the preamble in the transmission and is employed
to assist in the demodulation process at the receiver.

The Very High Throughput Long Training Field (VHT-LTF) in 802.11ac (Wi-Fi 5) is designed to assist in channel
estimation and synchronization. The VHT-LTF contains information that allows the device to detect the signal,

perform frequency/phase offset estimation, etc.
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’071 Claim 16

Accused Products

If this element is not literally satisfied by the disclosures cited herein, it is satisfied under the doctrine of
equivalents by the disclosures cited herein because the accused functionality would be insubstantially
different from or function in the same way to provide the same result as the relevant claim element.
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U.S. Pat. No. 9,814,071

Accused Products

21. A method for
enabling a receiving node
to distinguish information
concurrently received
from a plurality of
transmitting nodes on a
shared communication
channel of a wireless
digital network , the
method comprising:

Cellular

To the extent the preamble is construed as a limitation, the Accused LTE/5G Base Stations include a method for
enabling a receiving node to distinguish information simultaneously received from a plurality of transmitting
nodes (e.g., UEs) on a shared communication channel of a wireless digital network.

See e.g., 3GPP TS 36.300 V10.12.0 (2014-12):

4 Overall architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol
terminations towards the UE. The eNBs are interconnected with each other by means of the X2 interface. The eNBs are also connected
by means of the S1 interface to the EPC (Evolved Packet Core), more specifically to the MME (Mobility Management Entity) by means
of the S1-MME interface and to the Serving Gateway (S-GW) by means of the S1-U interface. The S1 interface supports a many-to-
many relation between MMEs / Serving Gateways and eNBs.

The E-UTRAN architecture is illustrated in Figure 4 below.
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[3]
5.1.1 Physical channels

An uplink physical channel corresponds to a set of resource elements carrying information originating from higher layers and is the
interface defined between 36.212 and 36.211. The following uplink physical channels are defined:

- Physical Uplink Shared Channel, PUSCH
- Physical Uplink Control Channel, PUCCH

- Physical Random Access Channel, PRACH

5.1.2 Physical signals

An uplink physical signal is used by the physical layer but does not carry information originating from higher layers. The following
uplink physical signals are defined:

- Reference signal

See e.g., 3GPP TS 36.300 V10.12.0 (2014-12):

4.1 Overall Architecture

An NG-RAN node is either:
- agNB, providing NR user plane and control plane protocol terminations towards the UE; or
- anng-eNB, providing E-UTRA user plane and control plane protocol terminations towards the UE.

The gNBs and ng-eNBs are interconnected with each other by means of the Xn interface. The gNBs and ng-eNBs are also
connected by means of the NG interfaces to the 5GC, more specifically to the AMF (Access and Mobility Management
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To the extent the preamble is construed as a limitation, the Accused LTE/5G UEs use a method for enabling a
receiving node to distinguish information simultaneously received from a plurality of transmitting nodes (e.g.,
UESs) on a shared communication channel of a wireless digital network.

223

INTEL-1013






















































U.S. Pat. No. 9,814,071 Accused Products

signals each on an The Accused LTE/5G Base Stations include receiving a plurality of parameter-estimating signals each on an
unshared parameter unshared parameter channel from a corresponding transmitting node. The Accused LTE/5G Base Stations receive
channel from a a plurality of parameter channels on the network in addition to the shared communication channel (e.g., data
corresponding portion of a frame).

transmitting node;

See e.g., 3GPP TS 36.211 V10.7.0 (2013-02):

5.5.2 Demodulation reference signal

5.5.2.1 Demodulation reference signal for PUSCH

5.5.2.1.1 Reference signal sequence

The PUSCH demodulation reference signal sequence ré{})SCH () associated with layer A e {0,1,...,0 - l} is defined by

A RS 2 ;
r}SU)SCH(m-MSC +n)=w( ) (myrl) (n)

u,v

where

m=0,1
n=0,., M1

and

RS _ PUSCH
Msc - Msc

Section 5.5.1 defines the sequence r(a*)(O),...,r;z*)(Mslzs —1) . The orthogonal sequence w (m) is given by [w’1 0) wt (1)] = [1 1]

u,v
for DCI format 0 if the higher-layer parameter Activate-DMRS-with OCC is not set or if the temporary C-RNTI was used to transmit the
most recent uplink-related DCI for the transport block associated with the corresponding PUSCH transmission, otherwise it is given by
Table 5.5.2.1.1-1 using the cyclic shift field in most recent uplink-related DCI [3] for the transport block associated with the
corresponding PUSCH transmission.
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The cyclic shift r; inaslot ng is givenas a; =2m /12 with
1 2
Hes g = (nl()l)\/lRS + Mvrs,2 T PN (”s))mOd12

where the values of ngg,ms is given by Table 5.5.2.1.1-2 according to the parameter cyclicShifi provided by higher layers, ”1(32124}15, , is

given by the cyclic shift for DMRS field in most recent uplink-related DCI [3] for the transport block associated with the corresponding
PUSCH transmission where the value of ”1(321341{5,1 is given in Table 5.5.2.1.1-1.

The Accused LTE/5G UEs also include receiving a plurality of parameter-estimating signals each on an unshared
parameter channel from a corresponding transmitting node. The Accused LTE/5G UEs receive a plurality of
parameter channels on the network in addition to the shared communication channel (e.g., data portion of a
frame).
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See On Channel Estimation for Multi-User MIMO in LTE-A Uplink:

Abstract:

In 3GPP Long Term Evolution-Advanced (LTE-A), uplink multi-input-multi-output(MIMO) transmission have
been introduced as a key technology to improve the spectrum efficiency. Both single-user MIMO (SU-MIMO)
and multi-user MIMO (MU-MIMO) modes are supported. With UL-MIMO, multiple layers of data are mapped
on the same set of recourses and transmitted simultaneously. Accordingly, the demodulation reference signal
(DMRS) in LTE-A applies both frequency domain code division multiplexing and time domain code division
multiplexing to support channel estimation for each multiplexed layer. Discrete Fourier transform (DFT)-based
channel estimation schemes and the applications for LTE UL-MIMO have been widely studied. However, the
orthogonality among DMRS of different layers could be reduced due to the channel conditions. The effect is
significant when the arrival times of the paired user equipment (UE) at the receiver are not strictly aligned if MU-
MIMO is applied. Consequently, the performance of DFT-based channel estimation schemes is affected. In this
paper, we demonstrate a novel DFT based channel estimation scheme that can restore the inter-layer
orthogonality. Simulation results show that the proposed method provides significant improvement over
conventional DFT-based channel estimation methods.

The performance of UL-MIMO depends heavily on the accuracy of channel estimation, which is based on DMRS.
For each layer, a DMRS sequence is transmitted. When SM is used, multiple DMRS sequences are transmitted
over the same set of single carrier-frequency division multiple access (SC-FDMA) symbols. Different sequence
adopts a unique orthogonal cover code so that the receiver can de-multiplex these sequences and estimate the
channel corresponding to each layer respectively. The degree of orthogonality preserved at the receiver depends
on the channel condition and affects the accuracy of channel estimation.
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- Same interference knowledge as Iterative ML and Iterative R-ML. Additionally, interferer RNTI
knowledge may be needed.

- Additionally, assumptions on network coordination may be necessary.
- ML-CWIC:

- receiver utilizing successive application of ML or reduced complexity ML detection, decoding, re-
encoding, and cancellation

- May have iteration (e.g. Turbo ML-CWIC)
- May utilize CRC check (e.g. hard ML-CWIC)
- Same interference knowledge as L-CWIC
- Additionally, assumptions on network coordination may be necessary.
- Symbol level IC (SLIC):

- successive cancellation receiver utilizing successive application of linear detection, reconstruction, and
cancellation

- May have iteration
- Same interference knowledge as ML/R-ML.
- Parallel interference cancellation (PIC):
- Parallel IC as opposed to successive IC, otherwise similar to SIC
- PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC

The method practiced by the accused product comprises, distinguishing information concurrently received from the

transmitting nodes according to their corresponding estimated unique signal parameter.
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IEEE Standard 802.11ac (UE)

The accused UE devices are equipped with IEEE 802.11ac support as well as multiple-input multiple-output (MIMO)

capabilities.

The user equipment (UE) detects and distinguishes the information simultaneously received from each of the transmitting

nodes (e.g., APs) according to their respective said unique estimated signal parameters.

The user equipment (UE) receives a digital data stream comprising multiple spatial streams, it includes a VHT Long Training
Field (VHT-LTF). The VHT LTF (long training fields) are used by the receiver to estimate the MIMO channel and equalize

the received signal. VHT-LTF allows the receiver to track Phase or Frequency offset during the MIMO channel estimation.

Citation 122: Stations support DL-MU-MIMO

270

INTEL-1013





















References:

1.

el S o

12.
13.
14.
15.

16.

17.
18.
19.
20.
21.
22.
23.
24.

Samsung Delivers the Promises of Massive MIMO -
https://images.samsung.com/is/content/samsung/p5/global/business/networks/insights/white-paper/samsung-delivers-the-
promises-of-massive-mimo/Samsung-Delivers-the-Promises-of-Massive-MIMO.pdf
3GPP TS 36.300 V10.12.0 (2014-12)

3GPP TS 36.211 V10.7.0 (2013-02)

3GPP TS 26.211 V11.5.0 (2014-01)

3GPP TS 26.211 V12.5.0 (2015-04)

3GPP TSG RAN WGI1 Meeting #69 R1-122385

3GPP TSG-RAN WGI1 #85 R1-164144

TS 38.211 v15.8.0 (2020-01)

TR 36.866 v12.0.1 (2014-03)

. 5G NR Reference Signals (DMRS, PTRS,SRS and CSI-RS) - Techplayon (Channel Estimation Using DMRS)
. Qiang Li; Yuchun Wu; Shulan Feng; Philipp Zhang; Lixia Xue; Yongxing Zhou 2014 IEEE 79th Vehicular Technology

Conference (VTC Spring) 1503.02192.pdf (arxiv.org) (On Channel Estimation for Multi-User MIMO in LTE-A Uplink)
https://arxiv.org/pdf/1503.02192.pdf (Uplink Performance Evaluation of Massive MU-MIMO Systems)
https://arxiv.org/pdf/1806.06898.pdf (5G New Radio Paper)

https://Sghub.us/5g-nr-downlink-physical-channels/ (5Ghub Tutorial)
https://www.sharetechnote.com/html/5G/5G_PDSCH_DMRS.html#Ex_dmrs_TypeA Position (Sharetechnote DMRS
Diagram)

https://www.mathworks.com/help/5g/ug/nr-pusch-resource-allocation-and-dmrs-and-ptrs-reference-signals.html (Mathworks
DMRS Diagram)

https://www.sjalander.com/research/pdf/sjalander-ispass2012.pdf (LTE Receiver Paper)
https://www.techplayon.com/5g-nr-transport-block-size-tbs-calculation (Techplayon Article)
https://www.gaussianwaves.com/2022/02/5g-nr-resource-block (GaussianWaves Article)

5G NR The Next Generation Wireless Technology 2nd Edition by Erik Dahlman, Stefan Parkvall, Johan Skold (5G Book)
https://www.sciencedirect.com/topics/computer-science/timing-offset (ScienceDirect Timing Offset)
https://www.sciencedirect.com/topics/computer-science/carrier-frequency-offset (ScienceDirect Frequency Offset)

IEEE Standard 802.11-2016 https://ieeexplore.ieee.org/document/7786995

IEEE P802.11ax™/D6.0, Draft Standard for Information technology— Telecommunications and information exchange
between systems Local and metropolitan area networks—Specific requirements; Part 11: Wireless LAN Medium Access

277

INTEL-1013



Control (MAC) and Physical Layer (PHY) Specifications; Amendment 1: Enhancements for High Efficiency WLAN
(“802.11ax”) https://ieeexplore.ieee.org/document/9442429

278

INTEL-1013



