
INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

1 

 

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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Figure 4-1: Overall Architecture 

4.1 Functional Split 
The eNB hosts the following functions:  

- Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control, 
Dynamic allocation of resources to UEs in both uplink and downlink (scheduling); 

[…] 
 

5.2.6 Uplink multi-antenna transmission 
The antenna configuration for uplink supports both SU-MIMO and MU-MIMO. 

[3] 

5.1.1 Physical channels 

eNB

MME / S-GW MME / S-GW

eNB

eNB

S1 S1

S1 S1

X2

X2X2

E-UTRAN

Samsung Ex. 1013, Page 2 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

3 

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

- a gNB, providing NR user plane and control plane protocol terminations towards the UE; or 

- an ng-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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4.2 Functional Split 
The gNB and ng-eNB host the following functions: 

- Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control, 
Dynamic allocation of resources to UEs in both uplink and downlink (scheduling); 

  

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., 
UEs) on a shared communication channel of a wireless digital network. 
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TS 36.211 v12.5.0: 
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TS 38.211 v15.8.0: 
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TS 36.211 v11.5.0 
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The Accused Instrumentalities (WiFi) practice 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. 

 

WiFi Access Points 

 

 

IEEE Standard 802.11ac (AP) 

 

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

capabilities. Each accused instrumentality includes multiple Wi-Fi antennas such that the device may receive at least two 

spatial streams simultaneously.  This occurs during SU-MIMO for user devices.  For example, a user device may receive a 

single digital data stream from a user device that comprises two or more spatial streams.   

 

 

Citation 1: Stations support SU-MIMO 

 

Samsung Ex. 1013, Page 8 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

9 

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

 
FIG. 1 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 07, 2024, Exhibit B 

 

The accused product exchanges its capabilities (e.g., VHT capabilities) with mobile devices to initiate the connection in Probe 

request/response frames. 

The access point informs the mobile terminal about its capabilities through the Probe response frame. These capabilities 

include information about if the access point supports SU-beamformer, SU-beamformee, MU-beamformer, MU-beamformee, 

etc. 
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U.S. Pat. No. 9,814,071 Accused Products 
The mobile terminal sends the VHT NDP announcement frame to an access point. An access point responds with the action 

frame containing the Beamforming feedback matrix. The Beamforming feedback matrix field comprises a Compressed 

beamforming feedback matrix and the mobile device processes the received beams. 

 
A VHT NDP announcement frame contains a Feedback Type subfield in the STA info field. The mobile device marks the 

Feedback Type subfield as “0” or “1” to request the access point to send the SU feedback as shown in FIG. 2. 

 

Citation 2: STA information subfield 

 
FIG. 2 

Source: https://ieeexplore.ieee.org/document/7786995, Page 687, last accessed Mar 07, 2024, Exhibit B 
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Citation 3: Beamforming Feedback Matrix and its use to compute Steering matrix. 

 

 
FIG. 3 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2580, last accessed Feb 20, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 

 

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

capabilities.  

 

The Wi-Fi Standard 802.11ax uses a method for enabling a receiving node to distinguish information simultaneously received 

from a plurality of transmitting nodes (e.g., STAs) on a shared communication channel of a wireless digital network.  
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U.S. Pat. No. 9,814,071 Accused Products 
Citation 4: UL MU Operation 

 

Fig 1 

Source: https://ieeexplore.ieee.org/document/9442429, Page 342, last accessed March 05, 2024, Exhibit C 

Citation 5: High Efficiency (HE) PHY specification 

 

Fig 2 
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U.S. Pat. No. 9,814,071 Accused Products 
Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 05, 2024, Exhibit C 

Citation 6: Features supported by High Efficiency (HE) AP 

 

 

Fig 3 

Source: https://ieeexplore.ieee.org/document/9442429, Page 468, last accessed March 05, 2024, Exhibit C 

Citation 7: UL MU-MIMO  
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Fig 4 

Source: https://ieeexplore.ieee.org/document/9442429, Page 510, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi UEs 

 

IEEE Standard 802.11ac (UE) 

 

The accused UE devices (User equipment i.e., UE) are equipped with IEEE 802.11ac support as well as multiple-input 

multiple-output (MIMO) capabilities. Each accused instrumentality includes multiple Wi-Fi antennas such that the device may 

receive at least two spatial streams simultaneously.  This occurs during SU-MIMO for user devices.  For example, a user 

device may receive a single digital data stream from a user device that comprises two or more spatial streams.   

Citation 8: Stations support DL-MU-MIMO 
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FIG. 4 

Source: https://ieeexplore.ieee.org/document/7786995, Pages 2579 & 2580, last accessed Mar 15, 2024, Exhibit B 
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The accused product exchanges its capabilities (e.g., VHT capabilities) with mobile devices to initiate the connection in Probe 

request/response frames. 

The user equipment informs the mobile terminal about its capabilities through the Probe response frame. These capabilities 

include information about whether the user equipment supports DL-MU-MIMO and SU-MIMO. 

 

The mobile terminal sends the VHT NDP announcement frame to an access point. An access point responds with the action 

frame containing the Beamforming feedback matrix. The Beamforming feedback matrix field comprises a Compressed 

beamforming feedback matrix and the mobile device processes the received beams. 

Citation 9: STA information subfield 

 
FIG. 5 
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U.S. Pat. No. 9,814,071 Accused Products 
Source: https://ieeexplore.ieee.org/document/7786995, Page 687, last accessed Mar 15, 2024, Exhibit B 

 
Citation 10: Beamforming Feedback Matrix and its use to compute Steering matrix 

 

 
FIG. 6 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2580, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The accused UE devices (i.e., user equipment) are equipped with IEEE 802.11ax support as well as multiple-input multiple-

output (MIMO) capabilities.  
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The user equipment (UE) supporting Wi-Fi Standard 802.11ax uses a method for enabling a receiving node to distinguish 

information simultaneously received from a plurality of transmitting nodes (e.g., APs) on a shared communication channel of 

a wireless digital network.  

Citation 11: HE DL MU Operation 

 

Fig 5 

Source: https://ieeexplore.ieee.org/document/9442429, Page 339, last accessed March 15, 2024, Exhibit C 

Citation 12: High Efficiency (HE) PHY specification 
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U.S. Pat. No. 9,814,071 Accused Products 
Fig 6 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 15, 2024, Exhibit C 

Citation 13: Features supported by non- AP High Efficiency (HE) STA 

 

Samsung Ex. 1013, Page 19 of 278

https://ieeexplore.ieee.org/document/9442429


INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

20 

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

 

 

Fig 7 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 469 & 470, last accessed March 15, 2024, Exhibit C 

Citation 14: DL MU-MIMO  
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U.S. Pat. No. 9,814,071 Accused Products 
Fig 8 

Source: https://ieeexplore.ieee.org/document/9442429, Page 509, last accessed March 15, 2024, Exhibit C 
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providing a plurality of 
parameter channels on 
the network in addition to 
the shared 
communication channel; 

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

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  associated with layer  is defined by 

 

where  

 

and 

 

Section 5.5.1 defines the sequence . The orthogonal sequence  is given by  
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  in a slot  is given as  with 
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where the values of  is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers,  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   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 ( )r n  shall be generated according to 

( ) ( )1 1( ) 1 2 (2 ) 1 2 (2 1)
2 2

r n c n j c n= − ⋅ + − ⋅ + . 

where the pseudo-random sequence )(ic  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with 

( )( )( )SCID SCID17 slot 31
init symb s,f ID ID SCID2 1 2 1 2 mod 2n nc N n l N N nµ= + + + + +  

where l  is the OFDM symbol number within the slot, 𝑛𝑛s,f
𝜇𝜇  is the slot number within a frame, and 

- 𝑁𝑁ID
0 ,𝑁𝑁ID

1 ∈ {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;  

- 𝑁𝑁ID
0 ∈ {0,1, … ,65535} is given by the higher-layer parameter scramblingID0 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; 

- cell
IDID

SCID NN n =  otherwise.  

(1)
DMRSn (2)

DMRS,λn

(2)
DMRS,λn
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The quantity 𝑛𝑛SCID ∈ {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-SeqInitialization, if present, for a Type 1 
PUSCH transmission with a configured grant, otherwise 𝑛𝑛SCID = 0. 

 

The Accused  LTE/5G 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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TS 36.211 v12.5.0: 
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TS 38.211 v15.8.0: 
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Wi-Fi Access Points 

The Accused Instrumentalities (WiFi) practice a method of providing a plurality of parameter channels on the network in 

addition to the shared communication channel. 

 

Access Point 

IEEE Standard 802.11ac (AP) 

 

The Accused Wi-Fi Router Instrumentalities provide a plurality of parameter channels (e.g., orthogonal codes applied to 

training fields including L-STF, L-LTF, VHT-STF, VHT-LTF) on the network in addition to the shared communication 

channel (e.g., the data portion of a frame). 

The 802.11ac frame format is shown in Figure 4 and begins as expected with a preamble. The first 3 fields are L-STF (Short 

Training Field), L-LTF (Long Training Field), and L-SIG (Signal). The L-STF and L-LTF contain information that allows the 

device to detect the signal, perform frequency offset estimation, timing synchronization, etc. 

Citation 15: VHT PPDU frame with VHT-LTF Field 
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FIG. 7 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 07, 2024, Exhibit B 

 

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. 

 

Each accused Instrumentality must determine an initial amplitude estimate corresponding to the received VHT-LTF to produce 

an initial MIMO channel estimate. 

Citation 16: VHT-LTF  
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FIG. 8 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

IEEE Standard 802.11ax (AP) 

The accused product supporting Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., orthogonal codes 

applied to training fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network in addition to the shared communication 

channel (e.g., the data portion of a frame). 

 

Citation 17: HE TB PPDU Format 
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Fig 9 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 05, 2024, Exhibit C 

 

Citation 18: Channels occupied in an HE TB PPDU 
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Fig 10 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) supporting WI-Fi standard 802.11ac provides a plurality of parameter channels (e.g., orthogonal 

codes applied to training fields including L-STF, L-LTF, VHT-STF, VHT-LTF) on the network in addition to the shared 

communication channel (e.g., the data portion of a frame). 
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The 802.11ac frame format is shown in Figure 4 and begins as expected with a preamble. The first 3 fields are L-STF (Short 

Training Field), L-LTF (Long Training Field), and L-SIG (Signal). The L-STF and L-LTF contain information that allows the 

device to detect the signal, perform frequency offset estimation, etc. 

Citation 19: VHT PPDU frame with VHT-LTF Field 

 
FIG. 9 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 15, 2024, Exhibit B 

 

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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Each user equipment (UE) must determine an initial amplitude estimate corresponding to the received VHT-LTF to produce 

an initial MIMO channel estimate. 

Citation 20: VHT-LTF  

 
FIG. 10 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

IEEE Standard 802.11ax (UE) 
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The user equipment (UE) supporting Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., orthogonal 

codes applied to training fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network in addition to the shared 

communication channel (e.g., the data portion of a frame). 

 

Citation 21: HE TB PPDU Format 

 

Fig 11 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 15, 2024, Exhibit C 

 

Citation 22: Channels occupied in an HE TB PPDU 
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Fig 12 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 15, 2024, Exhibit C 

 

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. 

 

 

requiring each 
transmitting node to 
transmit a parameter-
estimating signal on an 

Cellular 
The Accused LTE/5G Base Stations require each transmitting node to transmit a parameter-estimating signal on 
an unshared said parameter channel. 
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unshared said parameter 
channel; 
 

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  associated with layer  is defined by 

 

where  

 

and 

 

Section 5.5.1 defines the sequence . The orthogonal sequence  is given by  
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  in a slot  is given as  with 

 

where the values of  is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers,  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   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  and  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  is given by   

 

where the pseudo-random sequence  is defined by section 7.2. The application of  is cell-specific. The pseudo-random sequence 

generator shall be initialized with  at the beginning of each radio frame.  

The vector of reference signals shall be precoded according to 

 

where  is the number of antenna ports used for PUSCH transmission. 

For PUSCH transmission using a single antenna port, ,  and . 

For spatial multiplexing,  or  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  and . 

Cyclic Shift Field in  
uplink-related DCI format [3] 

  
        

000 0 6 3 9     

001 6 0 9 3     

010 3 9 6 0     

011 4 10 7 1     

100 2 8 5 11     

101 8 2 11 5     

110 10 4 1 7     

111 9 3 0 6     

Table 5.5.2.1.1-2: Mapping of cyclicShift to values. 

cyclicShift  
0 0 
1 2 
2 3 
3 4 
4 6 
5 8 
6 9 
7 10 

 

5.5.2.1.2 Mapping to physical resources 

(2)
DMRS,λn [ ])1()0( )()( λλ ww

(2)
DMRS,λn [ ])1()0( )()( λλ ww
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[ ]11 [ ]11 [ ]11 − [ ]11 −
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For each antenna port used for transmission of the PUSCH, the sequence  shall be multiplied with the amplitude scaling factor 

 and mapped in sequence starting with  to the resource blocks. The set of physical resource blocks used in the mapping 
process and the relation between the index  and the antenna port number   shall be identical to the corresponding PUSCH 
transmission as defined in Section 5.3.4. The mapping to resource elements , with  for normal cyclic prefix and  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 

                          

 shall be mapped to the intermediate quantity 𝑎𝑎�𝑘𝑘,𝑙𝑙
(𝑝𝑝�𝑗𝑗,𝜇𝜇)

 according to  
- if transform precoding is not enabled,  

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

𝑎𝑎�𝑘𝑘,𝑙𝑙
�𝑝𝑝𝑗𝑗,𝜇𝜇�

= 𝑤𝑤f(𝑘𝑘′)𝑤𝑤t(𝑙𝑙′)𝑟𝑟(4𝑛𝑛 + 𝑘𝑘′) 

𝑘𝑘 = �
8𝑛𝑛 + 2𝑘𝑘′ + Δ configuration type 1
12𝑛𝑛 + 𝑘𝑘′ + Δ configuration type 2, 𝑘𝑘′ = 0,1
12𝑛𝑛 + 𝑘𝑘′ + Δ + 4 configuration type 2, 𝑘𝑘′ = 2,3

 

𝑘𝑘′ = 0,1,2,3 
𝑙𝑙 = 𝑙𝑙 ̅+ 𝑙𝑙′ 
𝑛𝑛 = 0,1, … 
𝑗𝑗 = 0,1, … , 𝜐𝜐 − 1 

- otherwise 

𝑎𝑎�𝑘𝑘,𝑙𝑙
�𝑝𝑝𝑗𝑗,𝜇𝜇�

= 𝑤𝑤f(𝑘𝑘′)𝑤𝑤t(𝑙𝑙′)𝑟𝑟(2𝑛𝑛 + 𝑘𝑘′) 

𝑘𝑘 = �4𝑛𝑛 + 2𝑘𝑘′ + Δ configuration type 1
6𝑛𝑛 + 𝑘𝑘′ + Δ configuration type 2 

𝑘𝑘′ = 0,1 
𝑙𝑙 = 𝑙𝑙 ̅+ 𝑙𝑙′ 
𝑛𝑛 = 0,1, … 
𝑗𝑗 = 0,1, … , 𝜐𝜐 − 1 
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- if transform precoding is enabled 

𝑎𝑎�𝑘𝑘,𝑙𝑙
(𝑝𝑝0,𝜇𝜇) = 𝑤𝑤f(𝑘𝑘′)𝑤𝑤t(𝑙𝑙′)𝑟𝑟(2𝑛𝑛 + 𝑘𝑘′) 

𝑘𝑘 = 4𝑛𝑛 + 2𝑘𝑘′ + Δ 
𝑘𝑘′ = 0,1 
𝑙𝑙 = 𝑙𝑙 ̅+ 𝑙𝑙′ 
𝑛𝑛 = 0,1, … 

 

Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1. 

𝒑𝒑� CDM group 𝝀𝝀 𝚫𝚫 [𝒘𝒘f(𝟎𝟎) … 𝒘𝒘f(𝟑𝟑)] [𝒘𝒘t(𝟎𝟎) 𝒘𝒘t(𝟏𝟏)] 
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 +𝑗𝑗 −1 −𝑗𝑗] [+1 +1] 
9 0 0 [+1 −𝑗𝑗 −1 +𝑗𝑗] [+1 +1] 
10 1 1 [+1 +𝑗𝑗 −1 −𝑗𝑗] [+1 +1] 
11 1 1 [+1 −𝑗𝑗 −1 +𝑗𝑗] [+1 +1] 
12 0 0 [+1 +𝑗𝑗 −1 −𝑗𝑗] [+1 −1] 
13 0 0 [+1 −𝑗𝑗 −1 +𝑗𝑗] [+1 −1] 
14 1 1 [+1 +𝑗𝑗 −1 −𝑗𝑗] [+1 −1] 
15 1 1 [+1 −𝑗𝑗 −1 +𝑗𝑗] [+1 −1] 

 

Table 6.4.1.2.1.2-1: The orthogonal sequence 

                          

. 

  
 

 
 

0 

                          

 

                          

 
1 

                          

 

                          

 
2 - 

                          

 

group
sampRNTI mod Nn 2group

samp =N
[ ])1()0( ww

4group
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[ ])3()2()1()0( wwww
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3 - 

                          

 
The Accused LTE/5G UEs require each transmitting node to transmit a parameter-estimating signal on an 
unshared said parameter channel. 
 
TS 36.211 v12.5.0: 
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TS 38.211 v15.8.0: 
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The Accused Instrumentalities (WiFi) practice a method of requiring each transmitting node to transmit a parameter-estimating 

signal on an unshared said parameter channel. 

 

Wi-Fi Access Point 

IEEE Standard 802.11ac (AP) 

 

The Accused Wi-Fi Router Instrumentalities require 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).  

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. 

Citation 23: VHT-LTF  
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FIG. 11 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

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).  

 

Citation 24: Using HE-LTF in an UL MU-MIMO transmission 
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Fig 13 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) 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).  

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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Citation 25: VHT-LTF  

 
FIG. 12 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax requires each transmitting node (i.e., Access point) to transmit 

a parameter-estimating signal (e.g., training field) on an unshared said parameter channel (e.g., orthogonal code applied to 

training field).  

 

Citation 26: Using HE-LTF symbols in the DL HE MU PPDU 
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Fig 14 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 

 

Citation 27: HE DL MU Operation 

 

Fig 15 

Source: https://ieeexplore.ieee.org/document/9442429, Page 339, last accessed March 15, 2024, Exhibit C 

 

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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detecting the parameter-
estimating signals on the 
unshared parameter 
channels and estimating 
therefrom at least one 
unique signal parameter 
for each of the 
transmitting nodes; and 
 

Cellular 
 
The Accused LTE/5G Base Stations 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. 
 
See 3GPP R1-122385: 
The BSI and CSH pattern should be configured in a UE-specific manner in order to provide interference 
randomization among Receiving Points (RPs), in particular for supporting CoMP scenario 4. Uplink MU-MIMO 
requires orthogonal PUSCH DMRS sequences among the paired UEs.  
 
R1-164144: 
The uplink MU-MIMO has been discussed since Rel-8. The Zadoff-Chu sequence is used for DMRS sequence 
generation. Different UEs with fully overlapping bandwidth allocation can use the same sequence with different 
cyclic shifts. However, if the UEs are allocated with partial overlapping bandwidth, different DMRS sequences 
may be applied so that their DMRS are not orthogonal with different cyclic shifts. In Rel-10, the UL DMRS has 
been enhanced by applying time domain OCC to support 2 orthogonal DMRS for MU-MIMO with partially 
overlapping bandwidth allocation. The two scheduled UEs with partially overlapping bandwidth can still have 
orthogonal DMRS by using different OCC codes.  
 
 
 
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-
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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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See 5G NR: The Next Generation Wireless Access Technology, p. 186 
 

 
 
  
The Accused LTE/5G UEs 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. 
 
5Ghub Tutorial: 
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5G New Radio Paper: 
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The Accused Instrumentalities (WiFi) practice a method comprising a step of detecting the parameter-estimating signals on 

the unshared parameter channels and estimating therefrom at least one unique signal parameter for each of the transmitting 

nodes. 

 

Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 

The Accused Wi-Fi Router Instrumentalities detect the parameter-estimating signals (e.g., training fields) on the unshared 

parameter channels (e.g., orthogonal code applied to training field) and estimate therefrom at least one unique signal parameter 

for each of the transmitting nodes. 

 

The accused product 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 28: VHT-LTF  
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FIG. 13 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 

 

The Accused Wi-Fi Router Instrumentalities using the Wi-Fi Standard 802.11ax detect the parameter-estimating signals (e.g., 

training fields) on the unshared parameter channels (e.g., orthogonal code applied to training field) and estimate therefrom at 

least one unique signal parameter for each of the transmitting nodes. 
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The accused product receives a digital data stream comprising multiple spatial streams, it includes a High Efficiency Long 

Training Field (HE-LTF). The HE LTF (long training fields) are used by the receiver to estimate the MIMO channel and 

equalize the received signal. 

 

Citation 29: HE-LTF 

 
Fig 16 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 
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The user equipment (UE) supporting 802.11ac detects the parameter-estimating signals (e.g., training fields) on the unshared 

parameter channels (e.g., orthogonal code applied to the training field) and estimates therefrom at least one unique signal 

parameter for each of the transmitting nodes. 

 

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 30: VHT-LTF  
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FIG. 14 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

 

The user equipment (UE) detects the parameter-estimating signals (e.g., training fields) on the unshared parameter channels 

(e.g., orthogonal code applied to training field) and estimate therefrom at least one unique signal parameter for each of the 

transmitting nodes. 

 

The user equipment (UE) receives a digital data stream comprising multiple spatial streams, it includes a High Efficiency 

Long Training Field (HE-LTF). The HE LTF (long training fields) are used by the receiver to estimate the MIMO channel and 

equalize the received signal. 

 

Citation 31: Using HE-LTF symbols in the DL HE MU PPDU 

 
Fig 17 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 
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Citation 32: HE-LTF 

 
Fig 18 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

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. 

 

 
detecting and 
distinguishing the 
information 
simultaneously received 
from each of the 
transmitting nodes 

Cellular 
 
The Accused LTE/5G Base Stations detect and distinguish the information simultaneously received from each of 
the transmitting nodes according to their respective said unique estimated signal parameters. 
 
See Samsung Delivers the Promises of Massive MIMO: 
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according to their 
respective said unique 
estimated signal 
parameters. 
 

 

 
1503.02192.pdf (arxiv.org) 
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Uplink Performance Evaluation of Massive MU-MIMO Systems 
. 
. 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
. 
. 
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See 5G NR: The Next Generation Wireless Access Technology, p. 184 
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The Accused LTE/5G UEs detect and distinguish the information simultaneously received from each of the 
transmitting nodes according to their respective said unique estimated signal parameters. 
 
See e.g.: 

5G New Radio Paper: 
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5Ghub Tutorial: 
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TR 36.866 v12.0.1 (2014-03): 
 
7.2 Interference Suppression (IS) receivers 
IS receivers refer to receivers that apply linear filtering to the received signal to suppress the interference, as 
opposed to explicitly cancel the interference. Three types of IS receivers are identified: 

- LMMSE-IRC:  

- It is baseline for Rel-11 MMSE-IRC study (refer to TR36.829).  

- No knowledge of interferer parameter(s) is required.  

- Enhanced LMMSE-IRC (E-LMMSE-IRC):  

- MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge. 

- Interference parameters that can enable interferer channel estimation are needed, including, for example, 
its DMRS or CRS with PMI/RI. 

- Widely linear MMSE-IRC (WLMMSE-IRC):  

- WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the 
received signal to enhance suppression of interference 

- Real-valued modulation may be used to increase performance of the WLMMSE-IRC receiver 

7.3 Maximum Likelihood (ML) receivers 
ML-type of receivers are non-linear in nature. Three types of ML receivers are also identified: 
 

- ML:  

- Full-blown joint detection of useful and interference signals in accordance to the ML criterion  

- Interference parameters that can enable interferer channel estimation and interferer detection at symbol 
level (e.g. modulation) are needed.  

- Reduced complexity ML (R-ML):  
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- Reduced complexity joint detection of useful and interference modulation symbols in accordance to the 
ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.) 

- Same interference knowledge as for ML 

- Iterative ML and Iterative R-ML:  

- Iterative MAP detection and decoding of useful and interference signals. Both successive and parallel 
processing implementations may be applied. 

- In addition to the interference knowledge needed for ML, interference knowledge that can enable code 
word demodulation and decoding is needed. 

- Additionally, assumptions on network coordination may be necessary. 

7.4 Interference Cancellation (IC) receivers 
IC-type of receivers are also non-linear in nature. Four types of IC receivers are identified  

- Linear Code word level SIC (L-CWIC):  

- receiver utilizing successive application of linear detection (e.g.: LMMSE-IRC), decoding, re-encoding, 
and cancellation 

- May have iteration (e.g. Turbo L-CWIC) 

- May utilize CRC check (e.g. hard L-CWIC) 

- 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) 
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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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The accused product 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 33: Stations support SU-MIMO 

 
FIG. 15 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 07, 2024, Exhibit B 

 

Citation 34: VHT-LTF  
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FIG. 16 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

 

IEEE Standard 802.11ax (AP) 

 

The Wi-Fi Standard 802.11ax detects and distinguishes the information simultaneously received from each of the transmitting 

nodes (e.g., Wi-Fi STAs) according to their respective said unique estimated signal parameters. 
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Citation 35: High Efficiency (HE) PHY specification 

 

 
Fig 19 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 05, 2024, Exhibit C 

Citation 36: Features supported by High Efficiency (HE) AP 

 

 
Fig 20 

Source: https://ieeexplore.ieee.org/document/9442429, Page 468, last accessed March 05, 2024, Exhibit C 
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Citation 37: RU support in UL MU-MIMO  

 

 
Fig 21 

Source: https://ieeexplore.ieee.org/document/9442429, Page 510, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) detect and distinguish the information simultaneously received from each of the transmitting nodes 

(e.g., APs) according to their respective said unique estimated signal parameters. 
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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 38: Stations support DL-MU-MIMO 

 
FIG. 17 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 15, 2024, Exhibit B 

Citation 39: VHT-LTF  
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FIG. 18 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax detects and distinguishes the information simultaneously 

received from each of the transmitting nodes (e.g., Wi-Fi STAs) according to their respective said unique estimated signal 

parameters (for e.g., Phase and/or Frequency offset etc). 
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Citation 40: High Efficiency (HE) PHY specification 

 

 
Fig 22 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 15, 2024, Exhibit C 

Citation 41: Features supported by non-AP High Efficiency (HE) STA 
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Fig 23 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 469 & 470, last accessed March 15, 2024, Exhibit C 

Citation 42: RU support in DL MU-MIMO  

 
Fig 24 

Source: https://ieeexplore.ieee.org/document/9442429, Page 509, last accessed March 15, 2024, Exhibit C 

 

Citation 43: HE-LTF 
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Fig 25 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

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 2  Accused Products  
The method of claim 1 , 
wherein said providing a 
plurality of parameter 
channels comprises using 
channel-spreading 
technology. 

Cellular  
 
The accused products include the method of claim 1, see Claim 1, wherein said providing a plurality of 
parameter channels comprises using channel-spreading technology. 
 
For example, in LTE and 5G the reference symbols on the uplink and on the downlink are constructed and 
then spread over multiple non overlapping Resource Elements (REs). 
 
TS 38.211 v15.8.0: 
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’071 Claim 2  Accused Products  
 

 

The quantity 𝑛𝑛SCID ∈ {0, 1} is given by the DM-RS sequence initialization field, in the DCI associated with the PDSCH 
transmission if DCI format 1_1 in [4, TS 38.212] is used, otherwise 𝑛𝑛SCID = 0. 

7.4.1.1.2 Mapping to physical resources 

The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration 
type 2 as given by the higher-layer parameter dmrs-Type. 

The UE shall assume the sequence )(mr  is scaled by a factor DMRS
PDSCHβ  to conform with the transmission power specified in [6, TS 

38.214] and mapped to resource elements (𝑘𝑘, 𝑙𝑙)𝑝𝑝,𝜇𝜇 according to 

Samsung Ex. 1013, Page 80 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

81 

’071 Claim 2  Accused Products  
( ) ( ) ( )( , ) DMRS

, PDSCH f t 2

4 2 Configuration type 1
6 Configuration type 2

0,1

0,1,...

p
k la w k w l r n k

n k
k

n k
k
l l l
n

µ β ′ ′ ′= +

′+ + ∆
=  ′+ + ∆
′ =

′= +
=

 

where ( )kw ′f , ( )lw ′t , and Δ 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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TS 38.211 v15.8.0: 
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’071 Claim 2  Accused Products  
TS 38.211 v15.8.0: 
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6.4.1.1.3 Precoding and mapping to physical resources  

The sequence  shall be mapped to the intermediate quantity 𝑎𝑎�𝑘𝑘,𝑙𝑙
(𝑝𝑝�𝑗𝑗,𝜇𝜇)

 according to  

- if transform precoding is not enabled,  

( ) ( ) ( )( , )
, f t 2

4 2 Configuration type 1
6 Configuration type 2

0,1

0,1,...
0,1,..., 1

jp
k la w k w l r n k

n k
k

n k
k
l l l
n
j

µ

υ

′ ′ ′= +

′+ + ∆
=  ′+ + ∆
′ =

′= +
=
= −




 

- if transform precoding is enabled 

( ) ( ) ( )0( , )
, f t 2

4 2
0,1

0,1,...

p
k la w k w l r n k

k n k
k
l l l
n

µ ′ ′ ′= +

′= + + ∆
′ =

′= +
=



 

where ( )kw ′f , ( )lw ′t , and Δ are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the higher-layer 

parameter DMRS-UplinkConfig, and both 𝑘𝑘′ and Δ correspond to 𝑝𝑝�0, … , 𝑝𝑝�𝜈𝜈−1. The intermediate quantity 𝑎𝑎�𝑘𝑘,𝑙𝑙

(𝑝𝑝�𝑗𝑗,𝜇𝜇)
= 0 if Δ 

corresponds to any other antenna ports than 𝑝𝑝�𝑗𝑗.  

 

TS 36.211 v11.5.0 
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’071 Claim 2  Accused Products  
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’071 Claim 2  Accused Products  

 
  

 

Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 
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’071 Claim 2  Accused Products  
The Accused Wi-Fi Router Instrumentalities provide a plurality of parameter channels (e.g., orthogonal codes applied to 

training fields including L-STF, L-LTF, VHT-STF, VHT-LTF) on the network in addition to the shared communication 

channel (e.g., data portion of a frame). 

Citation 44: VHT PPDU frame with VHT-LTF Field 

 

 
FIG. 19 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 07, 2024, Exhibit B 

 

The primary channel-spreading technology used by devices 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 
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’071 Claim 2  Accused Products  
these subchannels, improving spectral efficiency and providing resistance against frequency-selective fading and 

interference. 

 

Citation 45: VHT PPDU frame with VHT-LTF Field 

 

 

 
FIG. 20 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 
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’071 Claim 2  Accused Products  
 

The Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., orthogonal codes applied to training fields 

including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses a spreading code. 

 

Citation 46: Parameter channels in HE TB PPDU Format 

 
Fig 26 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 05, 2024, Exhibit C 
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Citation 47: Channels occupied by HE TB PPDU 
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Fig 27 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 05, 2024, Exhibit C 

 

OFDMA is a key feature introduced in 802.11ax. It extends the concept of OFDM by dividing each channel into smaller 

resource units called Resource Units (RUs). These RUs can be allocated to different users or devices simultaneously, 

enabling more efficient use of the available spectrum. OFDMA allows the access point (AP) to schedule transmissions to 

multiple clients within a single channel simultaneously, improving the network's ability to handle multiple devices and 

diverse traffic demands. 

 

Citation 48: OFDMA in Channel-spreading 
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Fig 28 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 05, 2024, Exhibit C 

Citation 49: OFDMA in Channel-spreading 

  
Fig 29 
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’071 Claim 2  Accused Products  
Source: https://ieeexplore.ieee.org/document/9442429, Page 498, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) supporting 802.11ac provides a plurality of parameter channels (e.g., orthogonal codes applied 

to training fields including L-STF, L-LTF, VHT-STF, VHT-LTF) on the network in addition to the shared communication 

channel (e.g., the data portion of a frame). 

Citation 50: VHT PPDU frame with VHT-LTF Field 

 
FIG. 21 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 15, 2024, Exhibit B 
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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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Citation 51: VHT PPDU frame with VHT-LTF Field 

 

 

 
FIG. 22 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., orthogonal 

codes applied to training fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses a spreading code.  

 

Citation 52: Parameter channels in HE TB PPDU Format 
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Fig 30 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 15, 2024, Exhibit C 

Citation 53: Channels occupied by HE TB PPDU 
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’071 Claim 2  Accused Products  
Fig 31 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 15, 2024, Exhibit C 

OFDMA is a key feature introduced in 802.11ax. It extends the concept of OFDM by dividing each channel into smaller 

resource units called Resource Units (RUs). These RUs can be allocated to different users or devices simultaneously, 

enabling more efficient use of the available spectrum. OFDMA allows the user equipment (UE) to schedule transmissions 

to multiple clients within a single channel simultaneously, improving the network's ability to handle multiple devices and 

diverse traffic demands. 

 

Citation 54: OFDMA in Channel-spreading 

 
Fig 32 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 15, 2024, Exhibit C 
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’071 Claim 2  Accused Products  
Citation 55: OFDMA in Channel-spreading 

  
Fig 33 

Source: https://ieeexplore.ieee.org/document/9442429, Page 498, last accessed March 15, 2024, Exhibit C 

 

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 3 Accused Products 
The method of claim 2, 
wherein said channel 
spreading technology 
comprises at least one of 
FDMA, TDMA, CDMA, 
and SDMA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
 
The accused products include the method of claim 2, see Claim 2, wherein said channel spreading 
technology comprises at least one of FDMA, TDMA, CDMA, and SDMA.  
 
For example, in LTE and 5G multiple access technologies the sources in the time domain are divided 
into time slots and the different time slots are assigned to different UEs (“TDMA”); the resources in 
frequency domain are divided into a set of frequency resources (“FDMA”) and the resulting frequency 
resources are shared among different UEs. In spatial domain, beamforming at the eNB and gNB creates 
multiple beams, the different beam forming different UEs (“SDMA”). 

LTE Book: 
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5G NR 
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Transport Block Size (TBS) Calculation (Techplayon Article) 

August 16, 2020Author3GPP Specification, 5G MAC Layer, 5G NR, 5G Physical Layer 

Transport Block in 5G NR, is nothing but the payload, which is passed between the MAC and Phy Layers, 
specifically for the shared data channel such as PDSCH and PUSCH. A Transport Block undergoes Phy 
layer processing at the transmitter before being mapped onto the PDSCH for transmission over the air 
interface. A Transport block is added with CRC and segmented into code blocks as shown as below. The 
transport block consists of up to million bits and the code block consists of up to 8448 bits. 

 
 
 

Time-Frequency resource (GaussianWaves Article) 
A resource element is the smallest time-frequency resource over one subcarrier of a single OFDM symbol. It is 
identified as (k,l)p,μ where k is the index of the subcarrier in the frequency domain, l is the OFDM symbol 
position in time domain, p is the antenna port and μ is the subcarrier spacing configuration defined in Table 1 
above. 

A resource block (a.k.a physical resource block – PRB) is a block of N RB
sc = 12 subcarriers over which the 

transmissions are scheduled. 5G NR physical layer uses time-frequency resource (physical resource block) for 
transmission. 

A resource grid consists of N size,μgrid,x  subcarriers and N subframe,μ symb number of OFDM symbols (Table 2 and 3). 
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Figure 3: Resource element, Resource block, Resource grid in 5G NR 
 
 
  
The Accused Instrumentalities (WiFi) practice a method wherein requiring each transmitting node to transmit a 

parameter-estimating signal includes requiring each transmitting node to transmit the parameter-estimating signal 

while simultaneously transmitting information on the shared communication channel. 
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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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Citation 11: VHT-LTF  

 
FIG. 11 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

Citation 12: Stations support SU-MIMO 
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FIG. 12 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 07, 2024, Exhibit B 

 

The primary channel-spreading technology used by devices 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. 

 

Citation 56: VHT PPDU frame with VHT-LTF Field 
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FIG. 23 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 

The Wi-Fi standard 802.11ax provides the transmitting nodes (e.g., STAs) on a shared communication channel of 

a wireless digital network and each transmitting nodes (e.g., STAs) transmit parameter-estimating signals (e.g., 

training fields). 

Citation 57: HE-LTF 
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Fig 34 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 

 

Citation 58: HE TB PPDU format 
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Fig 35 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 05, 2024, Exhibit C 

Citation 59: Channels occupied by HE TB PPDU 

 
Fig 36 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 05, 2024, Exhibit C 

OFDMA allows the access point (AP) to schedule transmissions to multiple clients within a single channel 

simultaneously, improving the network's ability to handle multiple devices and diverse traffic demands. STAs can 

use UL-OFDMA to send data to the AP simultaneously.  
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Citation 60: OFDMA in Channel-spreading 

 
Fig 37 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 05, 2024, Exhibit C 
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Citation 61: OFDMA in Channel-spreading 

  
Fig 38 

Source: https://ieeexplore.ieee.org/document/9442429, Page 498, last accessed March 05, 2024, Exhibit C 

Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) requires each transmitting node (e.g., APs) 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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Citation 11: VHT-LTF  

 
FIG. 11 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

Citation 12: Stations support DL-MU-MIMO 
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FIG. 12 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 15, 2024, Exhibit B 

 

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. 

 

Citation 62: VHT PPDU frame with VHT-LTF Field 
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FIG. 24 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi standard 802.11ax provides the transmitting nodes (e.g., STAs) on a 

shared communication channel of a wireless digital network and each transmitting nodes (e.g., STAs) transmit 

parameter-estimating signals (e.g., training fields). 

 

Citation 63: HE DL MU Operation 
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Fig 39 

Source: https://ieeexplore.ieee.org/document/9442429, Page 339, last accessed March 15, 2024, Exhibit C 

 

Citation 64: HE-LTF 

 
Fig 40 
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Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

Citation 65: HE TB PPDU format 

 
Fig 41 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 15, 2024, Exhibit C 
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Fig 42 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 15, 2024, Exhibit C 

OFDMA allows the user equipment (UE) to schedule transmissions to multiple clients within a single channel 

simultaneously, improving the network's ability to handle multiple devices and diverse traffic demands. STAs can 

use UL-OFDMA to send data to the AP simultaneously.  

 

Citation 67: OFDMA in Channel-spreading 
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Fig 43 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 15, 2024, Exhibit C 

Citation 68: OFDMA in Channel-spreading 

  
Fig 44 
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’071 Claim 3 Accused Products 
Source: https://ieeexplore.ieee.org/document/9442429, Page 498, last accessed March 15, 2024, Exhibit C 

 

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. 

 
 

’071 Claim 4 Accused Products 
The method of claim 1 , 
wherein requiring each 
transmitting node to 
transmit a parameter - 
estimating signal 
includes requiring each 
transmitting node to 
transmit the parameter 
estimating signal while 
simultaneously 
transmitting information 
on the shared 
communication channel. 
 
 
 
 
 
 
 
 

Cellular 
  
The accused products include the method of claim 1, see Claim 1, wherein requiring each transmitting 
node to transmit a parameter - estimating signal includes requiring each transmitting node to transmit the 
parameter - estimating signal while simultaneously transmitting information on the shared 
communication channel.  
 
For example, in LTE and 5G air interfaces the eNB/gNB and UEs transmit DMRS reference symbols 
dedicated (“unshared”) to a UE on the downlink or uplink; the DMRS symbols are used by the UE or 
eNB/gNB receiver to demodulate the data that is simultaneously transmitted to the UE or eNB/gNB on 
the same (“shared”) frequency time resources where other data streams are transmitted by other nodes.  
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TS 36.211 v11.5.0 
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TS 36.211 v11.5.0: 
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TS 36.211 v11.5.0: 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
TS 36.211 v11.5.0: 
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TS 38.211 v15.8.0: 
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TS 36.211 v11.5.0 
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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 ( )r n  shall be generated according to 

( ) ( )1 1( ) 1 2 (2 ) 1 2 (2 1)
2 2

r n c n j c n= − ⋅ + − ⋅ + . 

where the pseudo-random sequence )(ic  is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 

( )( )( )SCID SCID17 slot 31
init symb s,f ID ID SCID2 1 2 1 2 mod 2n nc N n l N N nµ= + + + + +  

where l  is the OFDM symbol number within the slot, 𝑛𝑛s,f
𝜇𝜇  is the slot number within a frame, and 

- 𝑁𝑁ID
0 ,𝑁𝑁ID

1 ∈ {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;  

- 𝑁𝑁ID
0 ∈ {0,1, … ,65535} is given by the higher-layer parameter scramblingID0 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; 

- cell
IDID

SCID NN n =  otherwise.  

The quantity 𝑛𝑛SCID ∈ {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-SeqInitialization, if 
present, for a Type 1 PUSCH transmission with a configured grant, otherwise 𝑛𝑛SCID = 0. 
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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.  

 

’071 Claim 5 Accused Products 
The method of claim 1, 
wherein the parameter  
estimating signal is a 
parameter estimating 
symbol pattern. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The accused products include the method of claim 1, see Claim 1, wherein the parameter estimating 
signal is a parameter estimating symbol pattern. 

For example, the downlink and uplink demodulated reference symbols in 4G and 5G are spread using a 
specific pattern. 

 

 

 

 

 

 

 

 

 

Samsung Ex. 1013, Page 128 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

129 

’071 Claim 5 Accused Products 
 
 
 

TS 36.211 v11.5.0 
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TS 36.211 v11.5.0: 
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5G Book: 
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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-LTF 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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Citation 13: VHT-LTF  

 
FIG. 13 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

For e.g. in the spectral flatness test, the VHT PPDUs demodulation process includes the below (or equivalent) 

procedure. For each VHT-LTF symbol, the symbol is transformed into subcarrier received values, the phase from 

the pilot subcarriers is estimated, and subcarrier values according to the estimated phase are compensated. (See fig. 

below) 

Samsung Ex. 1013, Page 133 of 278

https://ieeexplore.ieee.org/document/7786995


INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

134 

Citation 14: Spectral Flatness test 

 

 
FIG. 14 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2586, last accessed Mar 07, 2024, Exhibit B 

 

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. 

 

Citation 69: Using HE-LTF in an UL MU-MIMO transmission 
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Fig 45 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 

 

 

Citation 70: Using HE-LTF in a UL MU-MIMO transmission 
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Fig 46 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

For e.g. in the spectral flatness test, the HE PPDUs demodulation process includes the below (or equivalent) 

procedure. For each HE-LTF symbol, the symbol is transformed into subcarrier received values, the phase from the 

pilot subcarriers is estimated, and subcarrier values according to the estimated phase are compensated. (See fig. 

below) 

 

 

Citation 71: Spectral Flatness test 
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Fig 47 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 

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. 

 

Citation 13: VHT-LTF  
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FIG. 13 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

For e.g. in the spectral flatness test, the VHT PPDUs demodulation process includes the below (or equivalent) 

procedure. For each VHT-LTF symbol, the symbol is transformed into subcarrier received values, the phase from 

the pilot subcarriers is estimated, and subcarrier values according to the estimated phase are compensated. (See fig. 

below) 

Citation 14: Spectral Flatness test 
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FIG. 14 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2586, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

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. 

 

Citation 72: Using HE-LTF in DL MU-MIMO transmission 
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Fig 48 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

 

Citation 73: Using HE-LTF symbols in the DL HE MU PPDU 

 
Fig 49 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 
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For e.g. in the spectral flatness test, the HE PPDUs demodulation process includes the below (or equivalent) 

procedure. For each HE-LTF symbol, the symbol is transformed into subcarrier received values, the phase from the 

pilot subcarriers is estimated, and subcarrier values according to the estimated phase are compensated. (See fig. 

below) 

 

Citation 74: Spectral Flatness test 

 

Fig 50 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 15, 2024, Exhibit C 
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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 
The method of claim 1, 
wherein the at least one 
unique signal parameter 
comprises signal 
amplitude. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
 
The accused products include the method of claim 1, see Claim 1, wherein at least one unique signal 
parameter comprises signal amplitude.  
 
For example, LTE and 5G use an OFDM multiple access where the frequency channel comprises of a 
plurality of Resource Elements (REs), also known as frequency tone or subcarrier, and the propagation 
channel effect manifests itself in changing the gain (amplitude) and phase of the symbol on each RE, 
requiring estimating amplitude and phase of the channel effect from the reference REs.  The UE and 
base station receivers apply FFT to the received signal, generating the symbols values  on each resource 
element which is a complex number that is the transmitting complex symbols times the propagation 
channel complex number. 
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LTE Book: 
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LTE Receiver Paper: 
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’071 Claim 6 Accused Products 
 
 
 
 
 
 
 
 
 
 
 
 
 
5G Book: 
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The Accused Instrumentalities (WiFi) have at least one unique signal parameter comprises signal amplitude. 

 

A POSITA (Person of Ordinary Skill in the Art)  would agree that each electrical signal comprises a signal 

parameter, which is signal amplitude.  

 

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. 
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’071 Claim 6 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, etc. 

 

Citation 15: VHT-LTF  

 
FIG. 15 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 
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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. 

 

 

Samsung Ex. 1013, Page 149 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

150 

Citation 75: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 51 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 

 

 

Citation 76: Using HE-LTF in an UL MU-MIMO transmission 
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Fig 52 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

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 
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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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Citation 15: VHT-LTF  

 
FIG. 15 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) 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 
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’071 Claim 6 Accused Products 
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. 

 

 

Citation 77: Using HE-LTF in DL MU-MIMO transmission 

 

Fig 53 
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’071 Claim 6 Accused Products 
Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

Citation 78: Using HE-LTF symbols in the DL HE MU PPDU 

 

Fig 54 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 15, 2024, Exhibit C 

 

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 7 Accused Products 
The method of claim 1 , 
wherein the at least one 
unique signal parameter 
includes a signal phase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
The accused products include the method of claim 1, see claim 1, wherein the at least one unique signal 
parameter includes a signal phase.    
 
For example, LTE and 5G use an OFDM multiple access where the frequency channel comprises of a 
plurality of Resource Elements (REs), also known as frequency tone or subcarrier, and the propagation 
channel effect manifests itself in changing the gain (amplitude) and phase of the symbol on each RE, 
requiring estimating amplitude and phase of the channel effect from the reference REs.   

LTE Book: 
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LTE Receiver Paper: 
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5G Book: 
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The Accused Instrumentalities (WiFi) have at least one unique signal parameter including a signal phase. 

 

Wi-Fi Access Point 

 

The Accused Wi-Fi Router Instrumentalities provides a plurality of parameter channels on the network that have 

OFDM symbols. The phase information is shared by the Pilot subcarriers of the OFDM symbol, requiring estimating 

phase of the channel. 

 

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. 
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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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Citation 16: VHT-LTF  

 
FIG. 16 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

Citation 17: Phase Information by Pilot subcarrier 
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’071 Claim 7 Accused Products 

 
FIG. 17 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2587, last accessed Mar 07, 2024, Exhibit B 

 

 

IEEE Standard 802.11ax (AP) 

 

The Wi-Fi Standard 802.11ax provides a plurality of parameter channels on the network which have OFDMA where 

different subsets of subcarriers are allocated to different users, and this scheme allows simultaneous data 

transmission to or from one or more users. The subcarriers are divided into groups called Resource Unit (RU). The 

phase information is shared by the Pilot subcarriers of the OFDMA symbol, requiring estimating amplitude and 

phase of the channel from the RUs. 
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Citation 79:  OFDMA 

 

Fig 55 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 498, last accessed March 05, 2024, Exhibit C 

 
Citation 80: Phase Information by Pilot subcarrier 

 
Fig 56 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 499, last accessed March 05, 2024, Exhibit C 

 

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 
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’071 Claim 7 Accused Products 
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. 

Citation 81: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 57 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 
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Citation 82: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 58 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

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 
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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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Citation 16: VHT-LTF  

 
FIG. 16 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

For e.g. in the spectral flatness test, the VHT PPDUs demodulation process includes the below (or equivalent) 

procedure. For each VHT-LTF symbol, the symbol is transformed into subcarrier received values, the phase from 

the pilot subcarriers is estimated, and subcarrier values according to the estimated phase are compensated. (See fig. 

below) 
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Citation 17: Phase Information by Pilot subcarrier 

 
FIG. 17 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2587, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax provides a plurality of parameter channels on the 

network which have OFDMA where different subsets of subcarriers are allocated to different users, and this scheme 

allows simultaneous data transmission to or from one or more users. The subcarriers are divided into groups called 

Resource Unit (RU). The phase information is shared by the Pilot subcarriers of the OFDMA symbol, requiring 

estimating amplitude and phase of the channel from the RUs. 
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Citation 83:  OFDMA 

 

Fig 59 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 498, last accessed March 15, 2024, Exhibit C 

 
Citation 84: Phase Information by Pilot subcarrier 

 
Fig 60 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 499, last accessed March 15, 2024, Exhibit C 

 

The user equipment (UE) 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 
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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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Citation 85: Using HE-LTF in DL MU-MIMO transmission 

 

Fig 61 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

 

Citation 86: Using HE-LTF symbols in DL MU-MIMO transmission 

 

Samsung Ex. 1013, Page 171 of 278

https://ieeexplore.ieee.org/document/9442429


INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

172 

’071 Claim 7 Accused Products 
Fig 62 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 

 
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 8 Accused Products 
The method of claim 1, 
wherein the at least one 
unique signal parameter 
includes a signal carrier 
frequency offset. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
The accused products include the method of claim 1, see Claim 1, wherein the at least one unique signal 
parameter includes a signal carrier frequency offset.  
For example, the frequency reference of the base station and the UE may have an offset which if not 
corrected will result in the loss of orthogonality of the OFDM REs and create cross-RE interference and 
result in the loss of the data rate. The frequency offset must be estimated and corrected.  
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LTE Book: 
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ScienceDirect Frequency Offset: 
 
 
5.1.3 Channel estimation and synchronization 
 
Carrier frequency offset between transmitter and receiver is an important source for 
degradation in an OFDM based transmission system. Because of the dense spacing 
between subcarriers in OFDM, even low frequency offsets lead to a significant degradation 
which depends on the carrier frequency offset normalized to the frequency spacing between 
subcarriers. Due to the frequency offset, the received symbols are multiplied with a subcarrier-
independent complex gain factor U. The frequency offset furthermore creates Inter Carrier 
Interference (ICI) between subcarriers at the receiver. In [OV18] this ICI is reviewed and it is 
proposed to reduce the ICI by a precoding method. In order to carry out the precoding at the 
transmitter, it is assumed that the frequency offset is known at the transmitter. 
The precoding method consists of two steps: First, the complex transmit symbols of 
a Quadrature Amplitude Modulation (QAM) alphabet are multiplied with the inverse gain 
factor 1/U in order to adjust the amplitude and phase of the received signal. Second, ICI is 
compensated by simply subtracting it. The second step can be formulated by multiplication of 
the transmit symbol vector by a precoding matrix. Numerical analysis shows that the direct 
neighbor subcarriers create the largest contribution of ICI. Therefore, it is sufficient to take for 
the precoding matrix only neighbor subcarriers into account. For a normalized carrier 
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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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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 carrier frequency offset. 

Citation 18: VHT-LTF  

 
FIG. 18 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 
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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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Citation 87: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 63 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 

 

Citation 88: Using HE-LTF in an UL MU-MIMO transmission 
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Fig 64 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

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 
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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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Citation 18: VHT-LTF  

 
FIG. 18 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) 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 
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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. 

 

Citation 89: Using HE-LTF in DL MU-MIMO transmission. 

 

Fig 65 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 
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Citation 90: Using HE-LTF symbols in the DL HE MU PPDU  

 

Fig 66 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 

 

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 9 Accused Products 
The method of claim 1, 
wherein the at least one 
unique signal parameter 
includes a signal relative 
time delay. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
 
The accused products include the method of claim 1, see Claim 1, wherein the at least one unique signal 
parameter includes a signal relative time delay.  
 
For example, the signals transmitted by different UEs arrive at the eNB/gNB with relative delays due 
different delays of the different transmit/receive paths, clock offsets between the eNB/gNB and UE  as 
well as the different propagation delays. Similarly, the signals from different cell site transmitters arrive 
at the UE with relative delays due to different transmitter delay offsets as well as different propagation 
delays. 
 
LTE Book: 
 

 
ScienceDirect Timing Offset: 
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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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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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Citation 19: VHT-LTF  

 
FIG. 19 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

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 
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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. 

 

 

Citation 91: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 67 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 05, 2024, Exhibit C 
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Citation 92: Using HE-LTF in an UL MU-MIMO transmission 

 

Fig 68 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 
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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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Citation 19: VHT-LTF  

 
FIG. 19 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) 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 
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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. 

 

 

Citation 93: Using HE-LTF in DL MU-MIMO transmission 

 

Fig 69 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 
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Citation 94: Using HE-LTF using in the DL HE MU PPDU 

 

 

Fig 70 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 15, 2024, Exhibit C 

 
 
 
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 11 Accused Products 
The method of claim 1, 
further comprising 
requiring each 
transmitting node to 
transmit spreading code 
type information on the 
unshared parameter 
channel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
 
The accused products include the method of claim 1, see Claim 1, further comprising requiring each 
transmitting node to transmit spreading code type information on the unshared parameter channel.  
 
For example, in LTE and 5G the reference symbols on the uplink and on the downlink are scrambled 
using a spreading code and then spread over multiple Resource Elements (REs), i.e., frequency tones.  
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TS 38.211 v15.8.0: 
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TS 38.211 v15.8.0: 
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TS 36.211 v11.5.0 
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TS 36.211 v11.5.0 
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The Accused Instrumentalities (WiFi) practice a method step of comprising requiring each transmitting node (e.g., 

STAs) to transmit spreading code type information on the unshared parameter channel.  

  

Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 

The Accused Wi-Fi Router Instrumentalities require each transmitting node to transmit spreading code type 

information on an unshared said parameter channel (e.g., orthogonal code applied to the training field).  

Citation 20: VHT-PHY  

 

 
FIG. 20 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2498, last accessed Mar 07, 2024, Exhibit B 
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The Wi-Fi Standard 802.11ac provides a plurality of parameter channels (e.g., orthogonal codes applied to training 

fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses a spreading code. 

Citation 21: VHT PPDU frame with VHT-LTF Field 

 
FIG. 21 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 07, 2024, Exhibit B 

 

The primary channel-spreading technology used by devices 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 
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over these subchannels, improving spectral efficiency and providing resistance against frequency-selective fading 

and interference. 

 

Citation 22: VHT PPDU frame with VHT-LTF Field 

 
FIG. 22 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 07, 2024, Exhibit B 

IEEE Standard 802.11ax (AP) 

The Wi-Fi standard 802.11ax further requires each transmitting node (e.g., STAs) to transmit spreading code type 

information on the unshared parameter channel (e.g., orthogonal code applied to the training field). 
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Citation 95: High Efficiency (HE) PHY 

 

 
Fig 71 

 

Source: https://ieeexplore.ieee.org/document/9442429, Page 446, last accessed March 05, 2024, Exhibit C 

 

The Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., orthogonal codes applied to training 

fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses a spreading code. 

 

Citation 96: Parameter channels in HB TB PPDU Format 
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Fig 72 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 05, 2024, Exhibit C 

 

Citation 97: Channels occupied by HE TB PPDU 
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Fig 73 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 05, 2024, Exhibit C 

OFDMA is a key feature introduced in 802.11ax. It extends the concept of OFDM by dividing each channel into 

smaller resource units called Resource Units (RUs). These RUs can be allocated to different users or devices 

simultaneously, enabling more efficient use of the available spectrum. OFDMA allows the access point (AP) to 

schedule transmissions to multiple clients within a single channel simultaneously, improving the network's ability 

to handle multiple devices and diverse traffic demands. 

 

Citation 98: OFDMA in Channel-spreading 
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Fig 74 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 05, 2024, Exhibit C 

Citation 99: OFDMA in Channel-spreading 

  
Fig 75 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 05, 2024, Exhibit C 

 

User Equipment 
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IEEE Standard 802.11ac (UE) 

The user equipment (UE) require each transmitting node to transmit spreading code type information on an unshared 

said parameter channel (e.g., orthogonal code applied to the training field).  

Citation 20: VHT-PHY  

 

 
FIG. 20 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2498, last accessed Mar 15, 2024, Exhibit B 

 

The user equipment (UE) supporting Wi-Fi Standard 802.11ac provides a plurality of parameter channels (e.g., 

orthogonal codes applied to training fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses 

a spreading code. 
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Citation 21: VHT PPDU frame with VHT-LTF Field 

 
FIG. 21 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2514, last accessed Mar 15, 2024, Exhibit B 

 

The primary channel-spreading technology used by user equipment 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. 

 

Citation 22: VHT PPDU frame with VHT-LTF Field 
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FIG. 22 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2283, last accessed Mar 15, 2024, Exhibit B 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi standard 802.11ax further requires each transmitting node (e.g., STAs) 

to transmit spreading code type information on the unshared parameter channel (e.g., orthogonal code applied to the 

training field). 

 

Citation 100: High Efficiency (HE) PHY 
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Fig 76 

Source: https://ieeexplore.ieee.org/document/9442429, Page 446, last accessed March 15, 2024, Exhibit C 

 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax provides a plurality of parameter channels (e.g., 

orthogonal codes applied to training fields including L-STF, L-LTF, HE-STF, HE-LTF) on the network which uses 

a spreading code. 
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Citation 101: Parameter channels in HB TB PPDU Format 

 
Fig 77 

Source: https://ieeexplore.ieee.org/document/9442429, Page 512, last accessed March 15, 2024, Exhibit C 

Citation 102: Channels occupied by HE TB PPDU 
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Fig 78 

Source: https://ieeexplore.ieee.org/document/9442429, Page 513, last accessed March 15, 2024, Exhibit C 

 

OFDMA is a key feature introduced in 802.11ax. It extends the concept of OFDM by dividing each channel into 

smaller resource units called Resource Units (RUs). These RUs can be allocated to different users or devices 

simultaneously, enabling more efficient use of the available spectrum. OFDMA allows the access point (AP) to 

schedule transmissions to multiple clients within a single channel simultaneously, improving the network's ability 

to handle multiple devices and diverse traffic demands. 

 

Citation 103: OFDMA in Channel-spreading 
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Fig 79 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 15, 2024, Exhibit C 

Citation 104: OFDMA in Channel-spreading 

  
Fig 80 

Source: https://ieeexplore.ieee.org/document/9442429, Page 44, last accessed March 15, 2024, Exhibit C 
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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. 

 

 

’071 Claim 16 Accused Products 
The method of claim 1, 
wherein the parameter 
channels are low in 
communication rate 
compared to the shared 
communication channel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cellular 
The accused products include the method of claim 1, see Claim 1, wherein the parameter channels are 
low in communication rate compared to the shared communication channel.   
 
The parameter channels of accused products are low in communication rate compared to the shared 
communication channel.  
 
For example, the fraction of resource Elements (REs) assigned to DMRS reference symbols on the 
downlink and uplink are a fraction of the resources assigned to the shared PDSCH channel. 
 
Sharetechnote DMRS Diagram: 

NOTE : Following is the color coding for the RE (Resource Elements) in the examples in this note 
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Mathworks DMRS Diagram: 

 
Symbol allocation of PUSCH indicates the OFDM symbol locations allocated for the PUSCH transmission in a slot. 
The mapping type indicates the first DM-RS OFDM symbol location and the duration of OFDM symbols (ld). For 
mapping type A, ld is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the 
allocated PUSCH resources. For mapping type B, ld is the duration of the allocated PUSCH resources. When intra-
slot frequency hopping is enabled, ld is the duration per hop. The DM-RS symbols are present in each hop when 
intra-slot frequency hopping is enabled. When intra-slot frequency hopping is enabled, DM-RS is single-symbol with 
the maximum number of additional positions either 0 or 1. The DM-RS symbol locations is given by TS 38.211 
Tables 6.4.1.1.3-3, 6.4.1.1.3-4, and 6.4.1.1.3-6. Figure 1 shows the DM-RS symbol locations for PUSCH occupying 14 
symbols with PUSCH mapping type A, intra-slot frequency hopping enabled, and number of DM-RS additional 
positions as 1. The figure shows DM-RS is present in each hop. The locations of DM-RS symbols in each hop 
depends on the number of OFDM symbols allocated for PUSCH in each hop. 
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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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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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Figure 4-1: Overall Architecture 

4.1 Functional Split 
The eNB hosts the following functions:  

- Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control, 
Dynamic allocation of resources to UEs in both uplink and downlink (scheduling); 

[…] 

 

5.2.6 Uplink multi-antenna transmission 
The antenna configuration for uplink supports both SU-MIMO and MU-MIMO. 

eNB

MME / S-GW MME / S-GW

eNB

eNB

S1 S1

S1 S1

X2

X2X2

E-UTRAN
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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: 

- a gNB, providing NR user plane and control plane protocol terminations towards the UE; or 

- an ng-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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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. 

gNB

ng-eNB

N
G

N
G NG

Xn

NG-RAN

5GC

AMF/UPF

gNB

ng-eNB

N
G

NG N
G

Xn

AMF/UPF

Xn

Xn

NG NG

 

Figure 4.1-1: Overall Architecture 

4.2 Functional Split 
The gNB and ng-eNB host the following functions: 

- Functions for Radio Resource Management: Radio Bearer Control, Radio Admission Control, Connection Mobility Control, 
Dynamic allocation of resources to UEs in both uplink and downlink (scheduling); 
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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., 
UEs) on a shared communication channel of a wireless digital network. 
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TS 36.211 v12.5.0: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TS 38.211 v15.8.0: 

 

 

Samsung Ex. 1013, Page 224 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

225 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Samsung Ex. 1013, Page 225 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

226 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Samsung Ex. 1013, Page 226 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

227 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TS 36.211 v11.5.0 
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The Accused Instrumentalities (WiFi) include 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.  

 

Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 

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

capabilities.  

The Accused Wi-Fi Router Instrumentalities detect and distinguish the information concurrently received from a plurality of 

transmitting nodes on a shared communication channel of a wireless digital network. 

 

 

 

Citation 23: VHT-PHY  

 

 

Samsung Ex. 1013, Page 228 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

229 

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

FIG. 23 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2498, last accessed Mar 07, 2024, Exhibit B 

 

Citation 24: Stations support SU-MIMO 

 

 
FIG. 24 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 07, 2024, Exhibit B 

IEEE Standard 802.11ax (AP) 

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

capabilities.  
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The Wi-Fi Standard 802.11ax uses a method for enabling a receiving node to distinguish information 

simultaneously/concurrently received from a plurality of transmitting nodes (e.g., STAs) on a shared communication channel 

of a wireless digital network.  

Citation 105: UL MU Operation 

 

Fig 81 

Source: https://ieeexplore.ieee.org/document/9442429, Page 342, last accessed March 05, 2024, Exhibit C 

Citation 106: High Efficiency (HE) PHY specification 
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Fig 82 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 05, 2024, Exhibit C 

Citation 107: Features supported by High Efficiency (HE) AP 
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Fig 83 

Source: https://ieeexplore.ieee.org/document/9442429, Page 468, last accessed March 05, 2024, Exhibit C 

Citation 108: UL MU-MIMO  

 

Fig 84 

Source: https://ieeexplore.ieee.org/document/9442429, Page 510, last accessed March 05, 2024, Exhibit C 
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Wi-Fi User Equipment 

IEEE Standard 802.11ac (UE) 

The accused UE devices (User equipment i.e., UE) are equipped with IEEE 802.11ac support as well as multiple-input 

multiple-output (MIMO) capabilities. Each accused instrumentality includes multiple Wi-Fi antennas such that the device may 

receive at least two spatial streams simultaneously.  This occurs during SU-MIMO for user devices.  For example, a user 

device may receive a single digital data stream from a user device that comprises two or more spatial streams.   

 

The user equipment ((UE) detects and distinguishes the information concurrently received from a plurality of transmitting 

nodes (i.e., APs) on a shared communication channel of a wireless digital network. 

 

Citation 109: Stations support DL-MU-MIMO 
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FIG. 25 

Source: https://ieeexplore.ieee.org/document/7786995, Pages 2579 & 2580, last accessed Mar 15, 2024, Exhibit B 

 

The accused product exchanges its capabilities (e.g., VHT capabilities) with mobile devices to initiate the connection in Probe 

request/response frames. 

The user equipment informs the mobile terminal about its capabilities through the Probe response frame. These capabilities 

include information about if the user equipment supports DL-MU-MIMO and SU-MIMO. 

The mobile terminal sends the VHT NDP announcement frame to an access point. An access point responds with the action 

frame containing the Beamforming feedback matrix. The Beamforming feedback matrix field comprises a Compressed 

beamforming feedback matrix and the mobile device processes the received beams. 

Citation 110: STA information subfield 
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FIG. 26 

Source: https://ieeexplore.ieee.org/document/7786995, Page 687, last accessed Mar 15, 2024, Exhibit B 

 
Citation 111: Beamforming Feedback Matrix and its use to compute Steering matrix. 
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FIG. 27 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2580, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

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

capabilities.  

 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax uses a method for enabling a receiving node to distinguish 

information simultaneously/concurrently received from a plurality of transmitting nodes (e.g., APs) on a shared 

communication channel of a wireless digital network.  

Citation 112: DL MU Transmission 
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Fig 85 

Source: https://ieeexplore.ieee.org/document/9442429, Page 498, last accessed March 15, 2024, Exhibit C 

Citation 113: High Efficiency (HE) PHY specification 
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Fig 86 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 15, 2024, Exhibit C 

Citation 114: Features supported by non-AP High Efficiency (HE) STA 
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Fig 87 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 469 & 470, last accessed March 15, 2024, Exhibit C 

Citation 115: DL MU-MIMO  

 

Fig 88 

Source: https://ieeexplore.ieee.org/document/9442429, Page 509, last accessed March 15, 2024, Exhibit C 

  

 

 

 
receiving a plurality of 
parameter - estimating 

Cellular 
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signals each on an 
unshared parameter 
channel from a 
corresponding 
transmitting node; 

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

 

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  associated with layer  is defined by 

 

where  

 

and 

 

Section 5.5.1 defines the sequence . The orthogonal sequence  is given by  
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  in a slot  is given as  with 

 

where the values of  is given by Table 5.5.2.1.1-2 according to the parameter cyclicShift provided by higher layers,  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   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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TS 36.211 v12.5.0: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TS 38.211 v15.8.0: 
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The Accused Instrumentalities (WiFi) practice a method of receiving a plurality of parameter-estimating signals each on an 

unshared parameter channel from a corresponding transmitting node. 

 

 

Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 

 

The Accused Wi-Fi Router Instrumentalities require 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).  

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. 

Citation 25: VHT-LTF  
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FIG. 25 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 

The accused product supporting Wi-Fi Standard 802.11ax receives a parameter-estimating signal (e.g., training field) on an 

unshared said parameter channel (e.g., orthogonal code applied to training field).  

 

Citation 116: Using HE-LTF in an UL MU-MIMO transmission 
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Fig 89 

Source: https://ieeexplore.ieee.org/document/9442429, Page 590, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 

 

IEEE Standard 802.11ac (UE) 

The user equipment (UE) require 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).  
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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. 

Citation 25: VHT-LTF  

 
FIG. 25 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax receives a parameter-estimating signal (e.g., training field) on 

an unshared said parameter channel (e.g., orthogonal code applied to training field).  
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Citation 117: Using HE-LTF symbols in the DL MU PPDU 

 

Fig 90 

Source: https://ieeexplore.ieee.org/document/9442429, Page 507, last accessed March 15, 2024, Exhibit C 

 

 

Citation 118: HE-LTF 
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Fig 91 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

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. 

estimating at least one 
unique signal parameter 
for each of the received 
plurality of parameter - 
estimating signals; 
and  

Cellular 

The Accused LTE/5G Base Stations  include estimating at least one unique signal parameter for each of the 
received plurality of parameter - estimating signals. 

See 3GPP R1-122385: 

The BSI and CSH pattern should be configured in a UE-specific manner in order to provide interference 
randomization among Receiving Points (RPs), in particular for supporting CoMP scenario 4. Uplink MU-MIMO 
requires orthogonal PUSCH DMRS sequences among the paired UEs.  

 

R1-164144: 

The uplink MU-MIMO has been discussed since Rel-8. The Zadoff-Chu sequence is used for DMRS sequence 
generation. Different UEs with fully overlapping bandwidth allocation can use the same sequence with different 
cyclic shifts. However, if the UEs are allocated with partial overlapping bandwidth, different DMRS sequences 
may be applied so that their DMRS are not orthogonal with different cyclic shifts. In Rel-10, the UL DMRS has 
been enhanced by applying time domain OCC to support 2 orthogonal DMRS for MU-MIMO with partially 
overlapping bandwidth allocation. The two scheduled UEs with partially overlapping bandwidth can still have 
orthogonal DMRS by using different OCC codes.  
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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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See 5G NR: The Next Generation Wireless Access Technology, p. 186 
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The Accused LTE/5G UEs include estimating at least one unique signal parameter for each of the received 
plurality of parameter - estimating signals. 

 
5Ghub Tutorial: 
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5G New Radio Paper: 
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distinguishing 
information concurrently 
received from the 
transmitting nodes 
according to their 
corresponding  
estimated unique signal 
parameter. 

Cellular 
The Accused LTE/5G Base Stations include distinguishing information concurrently received from the 
transmitting nodes according to their corresponding  estimated unique signal parameter. 
 

See Samsung Delivers the Promises of Massive MIMO: 
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1503.02192.pdf (arxiv.org) 

Uplink Performance Evaluation of Massive MU-MIMO Systems 
. 

. 

. 
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See 5G NR: The Next Generation Wireless Access Technology, p. 184 
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The Accused LTE/5G UEs include distinguishing information concurrently received from the transmitting nodes 
according to their corresponding  estimated unique signal parameter. 
 

See e.g.: 
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5G New Radio Paper: 
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5Ghub Tutorial: 
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TR 36.866 v12.0.1 (2014-03): 

 

7.2 Interference Suppression (IS) receivers 

IS receivers refer to receivers that apply linear filtering to the received signal to suppress the interference, as 
opposed to explicitly cancel the interference. Three types of IS receivers are identified: 

- LMMSE-IRC:  

- It is baseline for Rel-11 MMSE-IRC study (refer to TR36.829).  

- No knowledge of interferer parameter(s) is required.  

- Enhanced LMMSE-IRC (E-LMMSE-IRC):  

- MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge. 

- Interference parameters that can enable interferer channel estimation are needed, including, for example, 
its DMRS or CRS with PMI/RI. 

- Widely linear MMSE-IRC (WLMMSE-IRC):  

- WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the 
received signal to enhance suppression of interference 

- Real-valued modulation may be used to increase performance of the WLMMSE-IRC receiver 

7.3 Maximum Likelihood (ML) receivers 

ML-type of receivers are non-linear in nature. Three types of ML receivers are also identified: 

 

- ML:  
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- Full-blown joint detection of useful and interference signals in accordance to the ML criterion  

- Interference parameters that can enable interferer channel estimation and interferer detection at symbol 
level (e.g. modulation) are needed.  

- Reduced complexity ML (R-ML):  

- Reduced complexity joint detection of useful and interference modulation symbols in accordance to the 
ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.) 

- Same interference knowledge as for ML 

- Iterative ML and Iterative R-ML:  

- Iterative MAP detection and decoding of useful and interference signals. Both successive and parallel 
processing implementations may be applied. 

- In addition to the interference knowledge needed for ML, interference knowledge that can enable code 
word demodulation and decoding is needed. 

- Additionally, assumptions on network coordination may be necessary. 

7.4 Interference Cancellation (IC) receivers 

IC-type of receivers are also non-linear in nature. Four types of IC receivers are identified  

- Linear Code word level SIC (L-CWIC):  

- receiver utilizing successive application of linear detection (e.g.: LMMSE-IRC), decoding, re-encoding, 
and cancellation 

- May have iteration (e.g. Turbo L-CWIC) 

- May utilize CRC check (e.g. hard L-CWIC) 

Samsung Ex. 1013, Page 264 of 278



INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

265 

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

- 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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Wi-Fi Access Point 

 

IEEE Standard 802.11ac (AP) 

 

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

capabilities.  

The Wi-Fi Standard 802.11ac detects and distinguishes the information simultaneously/concurrently received from each of 

the transmitting nodes (e.g., Wi-Fi STAs) according to their respective said unique estimated signal parameters. 

The 802.11ac frame format is shown in Figure 4 and begins as expected with a preamble. The first 3 fields are L-STF (Short 

Training Field), L-LTF (Long Training Field), and L-SIG (Signal). The L-STF and L-LTF contain information that allows the 

device to detect the signal, perform frequency offset estimation, timing synchronization, etc.  

 

Citation 27: VHT-PHY  

 

 
FIG. 27 
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Source: https://ieeexplore.ieee.org/document/7786995, Page 2498, last accessed Mar 07, 2024, Exhibit B 

 

Citation 28: Stations support SU-MIMO 

 

 
FIG. 28 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 07, 2024, Exhibit B 

 

IEEE Standard 802.11ax (AP) 

The Wi-Fi Standard 802.11ax detects and distinguishes the information simultaneously/concurrently received from each of 

the transmitting nodes (e.g., Wi-Fi STAs) according to their respective said unique estimated signal parameters. 
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Citation 119: High Efficiency (HE) PHY specification 

 

 
Fig 92 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 05, 2024, Exhibit C 

Citation 120: Features supported by High Efficiency (HE) AP 

 

 
Fig 93 
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Source: https://ieeexplore.ieee.org/document/9442429, Page 468, last accessed March 05, 2024, Exhibit C 

Citation 121: RU support in UL MU-MIMO  

 

 
Fig 94 

Source: https://ieeexplore.ieee.org/document/9442429, Page 510, last accessed March 05, 2024, Exhibit C 

 

Wi-Fi User Equipment 
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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 
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FIG. 28 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2579, last accessed Mar 15, 2024, Exhibit A 

Citation 123: VHT-LTF  
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FIG. 29 

Source: https://ieeexplore.ieee.org/document/7786995, Page 2549, last accessed Mar 15, 2024, Exhibit B 

 

IEEE Standard 802.11ax (UE) 

The user equipment (UE) supporting Wi-Fi Standard 802.11ax detects and distinguishes the information 

simultaneously/concurrently received from each of the transmitting nodes (e.g., Wi-Fi STAs) according to their respective 

said unique estimated signal parameters (such as Phase and/or Frequency offset). 
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Citation 124: High Efficiency (HE) PHY specification 

 

 
Fig 95 

Source: https://ieeexplore.ieee.org/document/9442429, Page 466, last accessed March 15, 2024, Exhibit C 

Citation 125: Features supported by non-AP High Efficiency (HE) STA  

 

Samsung Ex. 1013, Page 273 of 278

https://ieeexplore.ieee.org/document/9442429


INFRINGEMENT CHART FOR U.S. PAT. NO. 9,814,071 
EXHIBIT 6 

274 

U.S. Pat. No. 9,814,071 Accused Products 
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Fig 96 

Source: https://ieeexplore.ieee.org/document/9442429, Pages 469 & 470, last accessed March 15, 2024, Exhibit C 

Citation 126: RU support in DL MU-MIMO  

 
Fig 97 

Source: https://ieeexplore.ieee.org/document/9442429, Page 509, last accessed March 15, 2024, Exhibit C 

Citation 127: HE-LTF 
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Fig 98 

Source: https://ieeexplore.ieee.org/document/9442429, Page 580, last accessed March 15, 2024, Exhibit C 

 

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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