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[1.pre] In a multi-

user detection system 

in which interfering 

signals are purposely 

allowed to exist, a 

parameter estimation 

unit for use in 

conjunction with a 

signal separation 

unit, in which each 

received signal has 

associated channel 

transfer functions, 

comprising: 

To the extent the preamble is found to be limiting, the Accused 4G UE Instrumentalities operate in a 

multi-user detection system in which interfering signals are purposely allowed to exist and include a 

parameter estimation unit for using in conjunction with a signal separation unit, in which each received 

signal has associated channel transfer functions. 

The Accused 4G UE Instrumentalities can receive signals or streams from multiple cells, where each 

received signal/stream is for a user. CRS is the downlink reference signal transmitted over Almost Blank 

Subframes (ABSF). CRSs (i.e., the reference signal received by the UE from an eNB) are primarily used 

for channel transfer function estimation. They estimate the channel transfer function of the multipath 

propagation channel to estimate interfering symbols prior to interference cancellation, suppression. 

When reference symbols of different cells arrive at the same time, i.e., collide, an iterative channel 

estimation that reconstructs the interfering reference symbol using the available channel estimates, 

cancels the interfering reference symbol, and updates channel estimates, is used to improve channel 

transfer function. The different parameters of the received reference signal are also estimated. 
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1Performance requirement added to 3GPP for cancellation of common signaling (PSS/SSS/PBCH/CRS) in Rel 10/11. 
2Broad study on UE interference suppression with & without network assistance in 3GPP R12 
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Qualcomm’s ’915 patent:  
“Certain channels, most notably Common Reference Signal (CRS) tones and/or DRS tones, have a 

known sequence. Thus, the channel of the cell to be cancelled can be estimated based on the CRS tones 

or DRS tones. For example, the UE uses the CRS and/or DRS tones transmitted from an eNB to obtain 

estimates of the channels between the eNB and the UE. The UE then reconstructs the CRS tones or DRS 

tones based on the channel estimates and the known sequence and can cells out the CRS tones or DRS 

tones. In this document, the CRS and/or the DRS reconstruction and cancellation procedure is referred 

to as “RS interference cancellation.” Control channels (PBCH, PCFICH, PHICH, PDCCH, R-PHICH 

(relay-PHICH), R-PDCCH (relay-PDCCH), and the like) and some data channels (PDSCH, R-PDSCH 
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(relay PDSCH), and the like) have unknown payloads. For control channels and data channels that do 

not carry a Dedicated Reference Signal (DRS) tones (e.g., Demodulation Reference Signal (DMRS) 

tones), the UE relies on the channel estimates obtained from the CRS tones to decode, re-encode, 

reconstruct, and cancel out the channels. For control channels and data channels that have embedded 

DRS tones (e.g., Demodulation Reference Signal (DMRS) tones), the UE may rely on the channel 

estimates obtained from the DRS tones (e.g., Demodulation Reference Signal (DMRS) tones) to decode, 

re-encode, reconstruct, and cancel out the channels. Whether to use a CRS tones or a DRS tones (e.g., 

Demodulation Reference Signal (DMRS) tones) to obtain a channel estimate may be based at least in 

part on a type of the channel, transmission mode, and/or other parameters. For example, the Dedicated 

Reference Signal (DRS) tones may be trans mitted for each channel based at least in part on a request. 

For example, as described above, DRS tones may be imbedded in a same resource block with the 

control/data channels in order to obtain a channel estimate of a corresponding channel. In this 

document, the control and/or data channel re-encoding, reconstruction, and cancellation procedure is 

referred to as “control/data channel interference cancellation'.” [Col.11, Lines 52-67 – Col.12, Lines 1-

21] 

 
The UE’s support of interference handling for CRS is indicated by the parameter crs-

InterfHandl whereas ss-CCH-InterfHandl indicates support for synchronization signal and common 

channel interference handling. The eNB may send CRS assistance information of the aggressor cells to 

the UE to aid the UE to mitigate the interference from CRS of the aggressor cells. 
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RadioResourceConfigDedicated may optionally include neighCellsCRS-Info-r11 which is used to 

send CRS assistance information of one or several aggressor cells as shown in the figure below.  
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[1.a] a signal 

processor for 

determining said 

channel transfer 

functions for each 

received signal; and 

The Accused 4G UE Instrumentalities include a signal processor for determining said channel transfer 

functions for each received signal. 

The Accused 4G UE Instrumentalities need estimates of the channel (“channel transfer function”) 

between the eNB and the UE to estimate symbols of the multiple users/data streams for interference 

cancellation/suppression or for data demodulation. Channel estimation is a signal processing task and is 

to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and acquires 

the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the 

effects of multipath, phases and gains superimposed on the different resource elements (frequency 

tones), are estimated using reference symbols transmitted by the base stations. Parameters corresponding 

to timing, frequency offset, Doppler and effects of multipaths are estimated in acquisition state and 

tracked when on the traffic channel in a connected state. Acquisition and estimation of these parameters 

is a signal processing function carried out by a signal processing module ("parameter estimation unit"). 

When the UE transitions from the acquisition state to the connected state a UE channel parameter 
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tracking module ("tracking unit")  uses the channel parameters from the acquisition state and tracks these 

parameters to maintain the call when on the traffic channel. 

TSG-RAN WG1, Contribution # R4-121447: 
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Qualcomm’s ’915 patent:  
“Certain channels, most notably Common Reference Signal (CRS) tones and/or DRS tones, have a 

known sequence. Thus, the channel of the cell to be cancelled can be estimated based on the CRS tones 

or DRS tones. For example, the UE uses the CRS and/or DRS tones transmitted from an eNB to obtain 

estimates of the channels between the eNB and the UE. The UE then reconstructs the CRS tones or DRS 

tones based on the channel estimates and the known sequence, and can cells out the CRS tones or DRS 

tones. In this document, the CRS and/or the DRS reconstruction and cancellation procedure is referred 
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to as “RS interference cancellation.” Control channels (PBCH, PCFICH, PHICH, PDCCH, R-PHICH 

(relay-PHICH), R-PDCCH (relay-PDCCH), and the like) and some data channels (PDSCH, R-PDSCH 

(relay PDSCH), and the like) have unknown payloads. For control channels and data channels that do 

not carry a Dedicated Reference Signal (DRS) tones (e.g., Demodulation Reference Signal (DMRS) 

tones), the UE relies on the channel estimates obtained from the CRS tones to decode, re-encode, 

reconstruct, and cancel out the channels. For control channels and data channels that have embedded 

DRS tones (e.g., Demodulation Reference Signal (DMRS) tones), the UE may rely on the channel 

estimates obtained from the DRS tones (e.g., Demodulation Reference Signal (DMRS) tones) to decode, 

re-encode, reconstruct, and cancel out the channels. Whether to use a CRS tones or a DRS tones (e.g., 

Demodulation Reference Signal (DMRS) tones) to obtain a channel estimate may be based at least in 

part on a type of the channel, transmission mode, and/or other parameters. For example, the Dedicated 

Reference Signal (DRS) tones may be trans mitted for each channel based at least in part on a request. 

For example, as described above, DRS tones may be imbedded in a same resource block with the 

control/data channels in order to obtain a channel estimate of a corresponding channel. In this 

document, the control and/or data channel re-encoding, reconstruction, and cancellation procedure is 

referred to as “control/data channel interference cancellation'.” [Col.11, Lines 52-67 – Col.12, Lines 1-

21] 

 
“The approach of FIGS. 8-10 also works for a colliding CRS scenario and/or a colliding DRS Scenario, 

but the approach of FIGS. 6 and 7 may be selected for colliding CRS scenarios and/or colliding DRS 

scenarios for one or more reasons. It is generally the case that the approach of FIGS. 8-10 has a higher 
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complexity than the approach of FIGS. 6 and 7. Furthermore, if an iterative interference cancellation 

approach is employed in a colliding CRS scenario and/or a colliding DRS scenario, it may be 

advantageous to use the approach of FIGS. 6 and 7 to reduce the number of iterations in control/data 

channel interference cancellation. Specifically, in an iterative approach of FIGS. 6 and 7, the 

control/data channel decoding on the serving and neighbor cells are performed with the final channel 

estimates that are obtained after all the CRS and/or DRS interference cancellation iterations are 

completed, whereas in an iterative approach according to FIGS. 8-10, the control/data channel 

decoding of the serving and neighbor cells are performed with intermediate channel estimates that are 

available on the given iteration. Because the intermediate channel estimates are less accurate than the 

final channel estimates, it is desirable to implement more iterations for the approach according to FIGS. 

8-10 than for the approach according to FIGS. 6-7.” .” [Col.15, Lines 59-67 – Col.16, Lines 1-14] 

 

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. 

[1.b] means coupled 

to said channel 

transfer function 

determining signal 

processor for 

providing 

The Accused 4G UE Instrumentalities include means coupled to said channel transfer function 

determining signal processor for providing uninterrupted estimates of the channel transfer function 

parameters on a real-time basis by first deriving the estimated channel transfer function for each of said 

interfering signals. 
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uninterrupted 

estimates of the 

channel transfer 

function parameters 

on a real-time basis 

by first deriving the 

estimated channel 

transfer function for 

each of said 

interfering signals. 

This term is governed by 35 U.S.C. sec. 112 para. 6.  The claimed function is providing uninterrupted 

estimates of the channel transfer function parameters on a real-time basis by first deriving the estimated 

channel transfer function for each of said interfering signals. 

The Accused 4G UE Instrumentalities make initial channel transfer function estimates during setting up 

a data connection. In the case of colliding (interfering) reference symbols received at the UE from 

streams of different cells, such as CRS or DMRS symbols, means coupled to the UE channel transfer 

function determining signal processor are used to provide uninterrupted estimates of the channel transfer 

function parameters on a real-time basis.  This can enhance channel transfer function estimates of each 

user. For example, the means utilizes the initial estimates of the channel transfer function for each user to 

carry out an iteration to reconstruct the reference symbols of the users that cause interference to the 

reference symbols of a user by using the existing channel estimates to cancel the estimated interfering 

reference symbols from the received signal. This iteration updates the channel transfer function estimates 

of each user. Thus, the Accused 4G UE Instrumentalities provide uninterrupted estimates of the channel 

transfer function parameters on a real-time basis. 

The corresponding structure is a parameter tracking unit and equivalents thereof.  See, e.g., fig. 1, Col.5, 

Lines 20-40, Col. 6, Lines 9-23, fig. 3, fig. 4 (item 90, 90’, 90’), Col  7, Lines 45-Col 8, Line 40.  

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams 

for interference cancellation/suppression or for data demodulation. Channel estimation is a signal 

processing task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE 
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selects and acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., 

system timing, frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM 

system, the effects of multipath, phases and gains superimposed on the different resource elements 

(frequency tones), are estimated using reference symbols transmitted by the base stations. Parameters 

corresponding to timing, frequency offset, Doppler and effects of multipaths are estimated in acquisition 

state and tracked when on the traffic channel in a connected state. Acquisition and estimation of these 

parameters is a signal processing function carried out by a signal processing module ("parameter 

estimation unit"). When the UE transitions from the acquisition state to the connected state a UE channel 

parameter tracking module ("tracking unit")  uses the channel parameters from the acquisition state and 

tracks these parameters to maintain the call when on the traffic channel. 

 
TS 36.211 version 17.1.0: 
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TSG-RAN WG1, Contribution # R4-121447: 
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Qualcomm’s ’915 patent:  

“FIG. 6A is a block diagram conceptually illustrating a colliding CRS scenario before interference 

cancellation is performed, according to one aspect of the present disclosure. In FIG. 6A, the horizontal 

axes represent frequency. Reference signal (e.g., CRS) tones and control/data tones are shown for a Sub 

carrier of a neighbor cell and a serving cell. As shown in FIG. 6A, serving cell CRS tones see 

interference from the CRS tones of the neighbor cell. To improve interference cancellation results, 

according to one aspect the UE decouples CRS interference cancellation and control/data channel 

interference cancellation in a colliding CRS tone scenario. That is, the UE first performs CRS 

interference cancellation to estimate the serving cell channels and then proceeds with neighbor cell and 
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serving cell control/data channel interference cancellation and decoding.” [Col.12, Lines 63 – Col.13, 

Lines 10]  

“In one example, the UE performs the decoupled interference cancellation/channel estimation process 

as described above based on CRS tones and/or DRS tones according to the following order (e.g., when 

the neighboring cell is stronger):  

1. Neighbor cell channel estimation:  

2. Neighbor cell CRS interference cancellation and/or neighbor cell DRS interference cancellation;  

3. Serving cell channel estimation;  

4. For iterative interference cancellation (e.g., when the cells are of similar strength), perform serving 

cell CRS interference cancellation and/or perform serving cell DRS interference cancellation and repeat 

1-4 a number of times in a well-known manner.  

5. Neighbor cell control/data channel decoding:  

6. Neighbor cell control/data channel interference cancellation;  

7. Serving cell control/data channel decoding:  
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8. For iterative interference cancellation (e.g., when the cells are of similar strength), perform serving 

cell control/data channel interference cancellation and repeat 5-8 a number of times in a well-known 

manner. .” [Col.13, Lines 58 – Col.14, Lines 11] 

“The approach of FIGS. 8-10 also works for a colliding CRS scenario and/or a colliding DRS Scenario, 

but the approach of FIGS. 6 and 7 may be selected for colliding CRS scenarios and/or colliding DRS 

scenarios for one or more reasons. It is generally the case that the approach of FIGS. 8-10 has a higher 

complexity than the approach of FIGS. 6 and 7. Furthermore, if an iterative interference cancellation 

approach is employed in a colliding CRS scenario and/or a colliding DRS scenario, it may be 

advantageous to use the approach of FIGS. 6 and 7 to reduce the number of iterations in control/data 

channel interference cancellation. Specifically, in an iterative approach of FIGS. 6 and 7, the 

control/data channel decoding on the serving and neighbor cells are performed with the final channel 

estimates that are obtained after all the CRS and/or DRS interference cancellation iterations are 

completed, whereas in an iterative approach according to FIGS. 8-10, the control/data channel 

decoding of the serving and neighbor cells are performed with intermediate channel estimates that are 

available on the given iteration. Because the intermediate channel estimates are less accurate than the 

final channel estimates, it is desirable to implement more iterations for the approach according to FIGS. 

8-10 than for the approach according to FIGS. 6-7.” [Col.15, Lines 59-67 – Col.16, Lines 1-14] 

CRS in LTE 
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Understanding ICI in LTE HetNet, Thesis: 
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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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’505 Claim 3  Accused Products (UE) 
[3] The parameter 

estimation unit of 

claim 1, wherein 

the multi-user 

detection system 

includes providing 

an acquisition 

channel, and 

wherein the first 

derived estimated 

channel transfer 

function is derived 

from acquisition 

channel parameters. 

 

The Accused 4G UE Instrumentalities include a parameter estimation unit, wherein the multi-user 

detection system includes providing an acquisition channel, and wherein the first derived estimated 

channel transfer function is derived from acquisition channel parameters. 

 
LTE uses Synchronization Signal Block (SSB) (“acquisition channel”) to detect the signal transmitted by 

an eNB, acquire timing, and estimate frequency offset, Doppler, and initial channel parameters to decode 

the PBCH channel. These parameters are carried over to the next call state of idle or connected mode. The 

synchronization signal identifies the physical-layer cell ID that is further used by the CRS to estimate the 

channel transfer function.  

 

 

 
TS 36.211 version 17.1.0: 
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LTE Book: 
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(Also discussing the three major synchronization requirements).  
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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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[4] The parameter 

estimation unit of 

claim 1, wherein 

said multi-user 

detection system 

includes a tracking 

unit for acquired 

signals, and 

wherein in the 

presence of a new 

signal in the 

acquisition channel 

of said parameter 

estimation unit 

estimates the 

channel transfer 

function prior to 

signal switching 

from an acquisition 

channel to the 

The Accused 4G UE Instrumentalities include a parameter estimation unit, wherein said multi-user 

detection system includes a tracking unit for acquired signals, and wherein in the presence of a new signal 

in the acquisition channel of said parameter estimation unit estimates the channel transfer function prior to 

signal switching from an acquisition channel to the traffic channel, with said parameter estimation unit 

parameters being passed to said tracking unit thereafter. 

 

For example, LTE uses Synchronization Signal Block (SSB) (“acquisition channel”) to detect the signal 

transmitted by an eNB, acquire timing, and estimate frequency offset, Doppler, and initial channel 

parameters to decode the PBCH channel. After synchronization the UE enters idle or connected mode. The 

synchronization signal identifies the physical-layer cell ID that is further used by the CRS to estimate the 

channel transfer function. The channel transfer function parameters from the acquisition state are carried 

over to the next call state of idle or connected mode to track timing, frequency offset, Doppler frequency, 

and estimated channel parameters. 

 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 
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traffic channel, 

with said parameter 

estimation unit 

parameters being 

passed to said 

tracking unit 

thereafter. 

 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 

transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 

 
TS 36.211 version 17.1.0: 
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LTE Book: 
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(Also discussing the three major synchronization requirements).  
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LTE Book: 
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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. 
 

 
 
 
 

’505 Claim 5  Accused Products (UE) 
[5] The parameter 

estimation unit 

of claim 1, and 

The Accused 4G UE Instrumentalities include a parameter estimation unit, and further includes a traffic 

channel, and wherein for said traffic channel phase is tracked without utilization of the estimates from the 

acquisition channel. 
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further including a 

traffic channel, and 

wherein for said 

traffic channel 

phase is tracked 

without utilization 

of the estimates 

from the acquisition 

channel. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

For example, LTE uses Synchronization Signal Block (SSB) (“acquisition channel”) to detect the signal 

transmitted by an eNB, acquire timing, and estimate frequency offset, Doppler, and initial channel 

parameters for the 72 BPCH Resources Elements (REs) to decode the PBCH information. After 

synchronization the UE may be assigned a traffic channel (connected mode). In connected mode the UE 

will be assigned new resource elements from a much larger pool of REs, e.g., 601 REs in a 10 MHz wide 

frequency channel, whose channel response (e.g., phase) need to be computed and tracked using reference 

symbols such as CRS symbols associated with the traffic channel assigned resources, once the REs have 

been assigned to a UE on a traffic channel. 

 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 
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transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 

 

TS 36.211 version 17.1.0: 
 

 

 

 
 

TS 36.211 version 17.1.0: 
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LTE Downlink Frame Structure: 
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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. 

 
’505 Claim 7 Accused Products (UE) 

[7.] The parameter 

estimation unit 

of claim 1, wherein 

after initial estimate 

generation, said 

multi-user detection 

system 

simultaneously 

The Accused 4G UE Instrumentalities include a parameter estimation unit, wherein said multi-user 

detection system includes a tracking unit for acquired signals, and after initial estimate generation, said 

multi-user detection system simultaneously tracks all signals in a traffic channel. 

 

Once a UE is assigned resources on a traffic channel, the UE must track channel transfer function metrics 

such as symbol timing, frequency offset, Doppler frequency, and channel response on the frequency 

resource elements during data transmission.  
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tracks all signals in 

a traffic channel. 

For example, an MMSE, or a variation of MMSE, receiver, used to carry out interference cancellation in a 

Symbol Level Interference Cancellation (SLIC) scheme needs to maintain synchronization in frequency 

and time and track changes in the channel response of the resource elements using the reference symbols 

for the different desired and interfering signals being received at the UE.  

 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 

transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 
3GPP TR 36.866 V12.0.1: 
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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. 

 
 
 

’505 Claim 8  Accused Products (UE) 
[8.] The parameter 

estimation unit 

of claim 7, wherein 

said simultaneous 

tracking includes 

blocks for parallel 

recreation of the 

training signal 

The Accused 4G UE Instrumentalities include a parameter estimation unit, wherein said simultaneous 

tracking includes blocks for parallel recreation of the training signal portions of the traffic channel signal, 

each parallel processing block isolating a different signal in said traffic channel. 

 
For example, in iterative channel estimation and CRS interference cancellation of colliding CRS scenario 

the receiver to improve the channel estimate accuracy channel estimation and CRS cancellation is carried 

out for the colliding CRS symbols of the serving and interfering cells in parallel.  
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portions of the 

traffic channel 

signal, each parallel 

processing block 

isolating a different 

signal in said traffic 

channel. 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 

transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 
Qualcomm’s ’915 patent:  

“FIG. 6A is a block diagram conceptually illustrating a colliding CRS scenario before interference 

cancellation is performed, according to one aspect of the present disclosure. In FIG. 6A, the horizontal 

axes represent frequency. Reference signal (e.g., CRS) tones and control/data tones are shown for a Sub 

carrier of a neighbor cell and a serving cell. As shown in FIG. 6A, serving cell CRS tones see interference 
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from the CRS tones of the neighbor cell. To improve interference cancellation results, according to one 

aspect the UE decouples CRS interference cancellation and control/data channel interference cancellation 

in a colliding CRS tone scenario. That is, the UE first performs CRS interference cancellation to estimate 

the serving cell channels and then proceeds with neighbor cell and serving cell control/data channel 

interference cancellation and decoding.” [Col.12, Lines 63 – Col.13, Lines 10]  

“In one example, the UE performs the decoupled interference cancellation/channel estimation process as 

described above based on CRS tones and/or DRS tones according to the following order (e.g., when the 

neighboring cell is stronger):  

1. Neighbor cell channel estimation:  

2. Neighbor cell CRS interference cancellation and/or neighbor cell DRS interference cancellation;  

3. Serving cell channel estimation;  

4. For iterative interference cancellation (e.g., when the cells are of similar strength), perform serving cell 

CRS interference cancellation and/or perform serving cell DRS interference cancellation and repeat 1-4 a 

number of times in a well-known manner.  

5. Neighbor cell control/data channel decoding:  

6. Neighbor cell control/data channel interference cancellation;  
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7. Serving cell control/data channel decoding:  

8. For iterative interference cancellation (e.g., when the cells are of similar strength), perform serving cell 

control/data channel interference cancellation and repeat 5-8 a number of times in a well-known manner. 

.” [Col.13, Lines 58 – Col.14, Lines 11] 

“The approach of FIGS. 8-10 also works for a colliding CRS scenario and/or a colliding DRS Scenario, 

but the approach of FIGS. 6 and 7 may be selected for colliding CRS scenarios and/or colliding DRS 

scenarios for one or more reasons. It is generally the case that the approach of FIGS. 8-10 has a higher 

complexity than the approach of FIGS. 6 and 7. Furthermore, if an iterative interference cancellation 

approach is employed in a colliding CRS scenario and/or a colliding DRS scenario, it may be 

advantageous to use the approach of FIGS. 6 and 7 to reduce the number of iterations in control/data 

channel interference cancellation. Specifically, in an iterative approach of FIGS. 6 and 7, the control/data 

channel decoding on the serving and neighbor cells are performed with the final channel estimates that 

are obtained after all the CRS and/or DRS interference cancellation iterations are completed, whereas in 

an iterative approach according to FIGS. 8-10, the control/data channel decoding of the serving and 

neighbor cells are performed with intermediate channel estimates that are available on the given iteration. 

Because the intermediate channel estimates are less accurate than the final channel estimates, it is 

desirable to implement more iterations for the approach according to FIGS. 8-10 than for the approach 

according to FIGS. 6-7.” [Col.15, Lines 59-67 – Col.16, Lines 1-14] 
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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. 

 
U.S. 6,947,505 
Claim 9 Accused Products 

[9.pre] In a multi-

user detection 

system in which 

interfering signals 

are purposely 

allowed to exist, a 

parameter 

estimation unit for 

use in conjunction 

with a signal 

separation unit for 

estimating channel 

transfer function 

To the extent the preamble is found to be limiting, the  Accused 4G UE Instrumentalities operate in a 

multi-user detection system in which interfering signals are purposely allowed to exist and include a 

parameter estimation unit for using in conjunction with a signal separation unit, in which each received 

signal has associated channel transfer functions. 

The  Accused 4G UE Instrumentalities are capable of receiving signals or streams from multiple cells, 

where each received signal/stream is for a user. CRS is the downlink reference signal transmitted over 

Almost Blank Subframes (ABSF). CRSs (i.e., the reference signal received by the UE from an eNB) are 

primarily used for channel transfer function estimation. They estimate the channel transfer function of the 

multipath propagation channel to estimate interfering symbols prior to interference cancellation, 

suppression. When reference symbols of different cells arrive at the same time, i.e., collide, an iterative 

channel estimation that reconstructs the interfering reference symbol using the available channel 

estimates, cancels the interfering reference symbol, and updates channel estimates, is used to improve 

channel transfer function. The different parameters of the received reference signal are also estimated. 
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parameters from 

channel transfer 

functions, 

comprising: 

 

 
Qualcomm LTE-Advanced Presentation: 
 

 
1Performance requirement added to 3GPP for cancellation of common signaling (PSS/SSS/PBCH/CRS) in Rel 10/11. 
2Broad study on UE interference suppression with & without network assistance in 3GPP R12 
 
Qualcomm LTE Advanced - Evolving and expanding into new frontiers Presentation: 
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Qualcomm Interference Management Presentation: 
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Verizon Wireless Requirements Plan: 
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Qualcomm Heterogeneous Network: 
 

60



U.S. 6,947,505 
Claim 9 Accused Products 
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TSG-RAN WG4, Contribution # R4-126146: 
 
 

 

 
 
The UE’s support of interference handling for CRS is indicated by the parameter crs-

InterfHandl whereas ss-CCH-InterfHandl indicates support for synchronization signal and common 
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channel interference handling. The eNB may send CRS assistance information of the aggressor cells to the 

UE to aid the UE to mitigate the interference from CRS of the aggressor cells. 

RadioResourceConfigDedicated may optionally include neighCellsCRS-Info-r11 which is used to 

send CRS assistance information of one or several aggressor cells as shown in the figure below.  

 

 
TS 36.331 version 17.0.0 
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TS 36.211 version 17.1.0: 
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TSG-RAN WG1, Contribution # R4-121447: 
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Qualcomm’s ’915 patent:  
“Certain channels, most notably Common Reference Signal (CRS) tones and/or DRS tones, have a known 

sequence. Thus, the channel of the cell to be cancelled can be estimated based on the CRS tones or DRS 

tones. For example, the UE uses the CRS and/or DRS tones transmitted from an eNB to obtain estimates of 

the channels between the eNB and the UE. The UE then reconstructs the CRS tones or DRS tones based on 

the channel estimates and the known sequence, and can cells out the CRS tones or DRS tones. In this 

document, the CRS and/or the DRS reconstruction and cancellation procedure is referred to as “RS 

interference cancellation.” Control channels (PBCH, PCFICH, PHICH, PDCCH, R-PHICH (relay-

PHICH), R-PDCCH (relay-PDCCH), and the like) and some data channels (PDSCH, R-PDSCH (relay 
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PDSCH), and the like) have unknown payloads. For control channels and data channels that do not carry 

a Dedicated Reference Signal (DRS) tones (e.g., Demodulation Reference Signal (DMRS) tones), the UE 

relies on the channel estimates obtained from the CRS tones to decode, re-encode, reconstruct, and cancel 

out the channels. For control channels and data channels that have embedded DRS tones (e.g., 

Demodulation Reference Signal (DMRS) tones), the UE may rely on the channel estimates obtained from 

the DRS tones (e.g., Demodulation Reference Signal (DMRS) tones) to decode, re-encode, reconstruct, 

and cancel out the channels. Whether to use a CRS tones or a DRS tones (e.g., Demodulation Reference 

Signal (DMRS) tones) to obtain a channel estimate may be based at least in part on a type of the channel, 

transmission mode, and/or other parameters. For example, the Dedicated Reference Signal (DRS) tones 

may be trans mitted for each channel based at least in part on a request. For example, as described above, 

DRS tones may be imbedded in a same resource block with the control/data channels in order to obtain a 

channel estimate of a corresponding channel. In this document, the control and/or data channel re-

encoding, reconstruction, and cancellation procedure is referred to as “control/data channel interference 

cancellation'.” [Col.11, Lines 52-67 – Col.12, Lines 1-21] 

 

See also Claim 1, supra. 

[9.a] a signal 

processor for 

determining said 

channel transfer 

The  Accused 4G UE Instrumentalities include a signal processor for determining said channel transfer 

functions for each received signal. 

The  Accused 4G UE Instrumentalities need estimates of the channel (“channel transfer function”) 

between the eNB and the UE to estimate symbols of the multiple users/data streams for interference 
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functions for each 

received signal; and 

cancellation/suppression or for data demodulation. Channel estimation is a signal processing task and is to 

be carried out by a signal processor in the UE. 

 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 

transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 

TSG-RAN WG1, Contribution # R4-121447: 
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Understanding ICI in LTE HetNet, Thesis: 
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. 
3GPP TR 36.866 V12.0.1: 
 
• Pages 54-55 
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Qualcomm’s ’915 patent:  
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“Certain channels, most notably Common Reference Signal (CRS) tones and/or DRS tones, have a known 

sequence. Thus, the channel of the cell to be cancelled can be estimated based on the CRS tones or DRS 

tones. For example, the UE uses the CRS and/or DRS tones transmitted from an eNB to obtain estimates of 

the channels between the eNB and the UE. The UE then reconstructs the CRS tones or DRS tones based on 

the channel estimates and the known sequence, and can cells out the CRS tones or DRS tones. In this 

document, the CRS and/or the DRS reconstruction and cancellation procedure is referred to as “RS 

interference cancellation.” Control channels (PBCH, PCFICH, PHICH, PDCCH, R-PHICH (relay-

PHICH), R-PDCCH (relay-PDCCH), and the like) and some data channels (PDSCH, R-PDSCH (relay 

PDSCH), and the like) have unknown payloads. For control channels and data channels that do not carry 

a Dedicated Reference Signal (DRS) tones (e.g., Demodulation Reference Signal (DMRS) tones), the UE 

relies on the channel estimates obtained from the CRS tones to decode, re-encode, reconstruct, and cancel 

out the channels. For control channels and data channels that have embedded DRS tones (e.g., 

Demodulation Reference Signal (DMRS) tones), the UE may rely on the channel estimates obtained from 

the DRS tones (e.g., Demodulation Reference Signal (DMRS) tones) to decode, re-encode, reconstruct, 

and cancel out the channels. Whether to use a CRS tones or a DRS tones (e.g., Demodulation Reference 

Signal (DMRS) tones) to obtain a channel estimate may be based at least in part on a type of the channel, 

transmission mode, and/or other parameters. For example, the Dedicated Reference Signal (DRS) tones 

may be trans mitted for each channel based at least in part on a request. For example, as described above, 

DRS tones may be imbedded in a same resource block with the control/data channels in order to obtain a 

channel estimate of a corresponding channel. In this document, the control and/or data channel re-
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encoding, reconstruction, and cancellation procedure is referred to as “control/data channel interference 

cancellation'.” [Col.11, Lines 52-67 – Col.12, Lines 1-21] 

 
“The approach of FIGS. 8-10 also works for a colliding CRS scenario and/or a colliding DRS Scenario, 

but the approach of FIGS. 6 and 7 may be selected for colliding CRS scenarios and/or colliding DRS 

scenarios for one or more reasons. It is generally the case that the approach of FIGS. 8-10 has a higher 

complexity than the approach of FIGS. 6 and 7. Furthermore, if an iterative interference cancellation 

approach is employed in a colliding CRS scenario and/or a colliding DRS scenario, it may be 

advantageous to use the approach of FIGS. 6 and 7 to reduce the number of iterations in control/data 

channel interference cancellation. Specifically, in an iterative approach of FIGS. 6 and 7, the control/data 

channel decoding on the serving and neighbor cells are performed with the final channel estimates that 

are obtained after all the CRS and/or DRS interference cancellation iterations are completed, whereas in 

an iterative approach according to FIGS. 8-10, the control/data channel decoding of the serving and 

neighbor cells are performed with intermediate channel estimates that are available on the given iteration. 

Because the intermediate channel estimates are less accurate than the final channel estimates, it is 

desirable to implement more iterations for the approach according to FIGS. 8-10 than for the approach 

according to FIGS. 6-7.” .” [Col.15, Lines 59-67 – Col.16, Lines 1-14] 

 

See also Claim 1, supra. 
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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. 

[9.b] means 

coupled to said 

channel transfer 

function 

determining signal 

processor for 

providing 

uninterrupted 

estimates of the 

channel transfer 

function parameters 

on a real-time 

basis, 

 

 

 

 

The  Accused 4G UE Instrumentalities include means coupled to said channel transfer function determining 

signal processor for providing uninterrupted estimates of the channel transfer function parameters on a real-

time basis, 

This term is governed by 35 U.S.C. sec. 112 para. 6.  The claimed function is providing uninterrupted 

estimates of the channel transfer function parameters on a real-time basis by first deriving the estimated 

channel transfer function for each of said interfering signals. 

The  Accused 4G UE Instrumentalities make initial channel transfer function estimates during setting up a 

data connection. In the case of colliding (interfering) reference symbols received at the UE from streams of 

different cells, such as CRS or DMRS symbols, means coupled to the UE channel transfer function 

determining signal processor are used to provide uninterrupted estimates of the channel transfer function 

parameters on a real-time basis.  This can enhance channel transfer function estimates of each user. For 

example, the means utilizes the initial estimates of the channel transfer function for each user to carry out 

an iteration to reconstruct the reference symbols of the users that cause interference to the reference 

symbols of a user by using the existing channel estimates to cancel the estimated interfering reference 

symbols from the received signal. This iteration updates the channel transfer function estimates of each 

user. Thus, the Accused 4G UE Instruments provide uninterrupted estimates of the channel transfer 

function parameters on a real-time basis. 
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The corresponding structure is a parameter tracking unit and equivalents thereof.  See, e.g., fig. 1, Col.5, 

Lines 20-40, Col. 6, Lines 9-23, fig. 3, fig. 4 (item 90, 90’, 90’), Col  7, Lines 45-Col 8, Line 40.  

 

As described above, The Accused 4G UE Instrumentalities need estimates of the channel (“channel 

transfer function”) between the eNB and the UE to estimate symbols of the multiple users/data streams for 

interference cancellation/suppression or for data demodulation. Channel estimation is a signal processing 

task and is to be carried out by a signal processor in the UE.  At acquisition time, when a UE selects and 

acquires the signal transmitted by a base station, the UE needs to acquire and estimate, e.g., system timing, 

frequency, Doppler and effects of multipaths in the channel. For instance, in an OFDM system, the effects 

of multipath, phases and gains superimposed on the different resource elements (frequency tones), are 

estimated using reference symbols transmitted by the base stations. Parameters corresponding to timing, 

frequency offset, Doppler and effects of multipaths are estimated in acquisition state and tracked when on 

the traffic channel in a connected state. Acquisition and estimation of these parameters is a signal 

processing function carried out by a signal processing module ("parameter estimation unit"). When the UE 

transitions from the acquisition state to the connected state a UE channel parameter tracking module 

("tracking unit")  uses the channel parameters from the acquisition state and tracks these parameters to 

maintain the call when on the traffic channel. 

 

TSG-RAN WG1, Contribution # R4-121447: 
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Qualcomm’s ’915 patent:  

“FIG. 6A is a block diagram conceptually illustrating a colliding CRS scenario before interference 

cancellation is performed, according to one aspect of the present disclosure. In FIG. 6A, the horizontal 

axes represent frequency. Reference signal (e.g., CRS) tones and control/data tones are shown for a Sub 

carrier of a neighbor cell and a serving cell. As shown in FIG. 6A, serving cell CRS tones see interference 

from the CRS tones of the neighbor cell. To improve interference cancellation results, according to one 

aspect the UE decouples CRS interference cancellation and control/data channel interference cancellation 

in a colliding CRS tone scenario. That is, the UE first performs CRS interference cancellation to estimate 
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the serving cell channels and then proceeds with neighbor cell and serving cell control/data channel 

interference cancellation and decoding.” [Col.12, Lines 63 – Col.13, Lines 10]  

“In one example, the UE performs the decoupled interference cancellation/channel estimation process as 

described above based on CRS tones and/or DRS tones according to the following order (e.g., when the 

neighboring cell is stronger):  

1. Neighbor cell channel estimation:  

2. Neighbor cell CRS interference cancellation and/or neighbor cell DRS interference cancellation;  

3. Serving cell channel estimation;  

4. For iterative interference cancellation (e.g., when the cells are of similar strength), perform serving cell 

CRS interference cancellation and/or perform serving cell DRS interference cancellation and repeat 1-4 a 

number of times in a well-known manner.  

5. Neighbor cell control/data channel decoding:  

6. Neighbor cell control/data channel interference cancellation;  

7. Serving cell control/data channel decoding:  
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See also Claim 1, supra. 

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. 

 

 

 

 
[9.c] said multi-

user detection 

system including a 

tracking unit for 

acquired signals, 

and in the presence 

of a new signal in 

an acquisition 

channel of said 

parameter 

estimation unit 

The  Accused 4G UE Instrumentalities include said multi-user detection system including a tracking unit 

for acquired signals, and in the presence of a new signal in an acquisition channel of said parameter 

estimation unit estimating the channel transfer function prior to signal switching from the acquisition 

channel to a traffic channel, with said parameter estimation unit parameters being passed to said tracking 

unit thereafter, all received signals having training portions. 

 

For example, LTE uses Synchronization Signal Block (SSB) (“acquisition channel”) to detect the signal 

transmitted by an eNB, acquire timing, and estimate frequency offset, Doppler, and initial channel 

parameters to decode the PBCH channel. After synchronization the UE enters idle or connected mode. The 

synchronization signal identifies the physical-layer cell ID that is further used by the CRS to estimate the 

channel transfer function. The channel transfer function parameters from the acquisition state are carried 
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estimating the 

channel transfer. 

function prior to 

signal switching 

from the 

acquisition 

channel to a traffic 

channel, with said 

parameter 

estimation unit 

parameters being 

passed to said 

tracking unit 

thereafter, all 

received signals 

having training 

portions, 

 

over to the next call state of idle or connected mode to track timing, frequency offset, Doppler frequency, 

and estimated channel parameters. 

 
LTE Book: 
 

 

 
 
(Also discussing the three major synchronization requirements).  
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LTE Book: 
 

Control Plane Protocols 
 

 
 
TS 36.211 version 17.1.0: 
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Figures 6.10.1.2-1 and 6.10.1.2-2 illustrate the resource elements used for reference signal transmission 
according to the above definition. The notation R p is used to denote a resource element used for reference 
signal transmission on antenna port p. 
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See also Claim 1, supra. 
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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. 
 

[9.d] a second 

interfering signal 

being and assigned 

to said traffic 

channel, said 

parameter 

estimation unit 

recreating the 

training signal 

portion of every 

received signal 

prior to the last 

received 

signal and 

subtracting the 

recreated training 

signals from the 

The  Accused 4G UE Instrumentalities include said multi-user detection system including a second 

interfering signal being and assigned to said traffic channel, said parameter estimation unit recreating the 

training signal portion of every received signal prior to the last received signal and subtracting the 

recreated training signals from the training portion of the last received signal to provide an estimate solely 

due to the last received signal during the training Signal portion, thus to allow an estimate of the last signal 

from which to calculate parameters of the last signal. 

 
For example, in a cellular network there are multiple cell sites, each transmiting common and traffic 

channels to the UEs. UE receiving data from the serving cell will receive interference from a traffic 

channel transmitted by a neighboring cell site. The parameter estimation unit uses the reference symbols 

(e.g., CRS symbols) transmitted by a cell site to estimate its channel transfer function, reconstructs the 

CRS symbols using the channel estimates and subtracts the reconstructed reference symbols from the total 

received signal to enable a more accurate estimate of channel transfer function of a second signal 

transmitted by another cell site. 

TSG-RAN WG1, Contribution # R4-121447: 
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training portion of 

the last received 

signal to provide an 

estimate solely due 

to the last received 

signal during the 

training signal 

portion, thus to 

allow an estimate 

of the last signal 

from which to 

calculate 

parameters of the 

last signal. 
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See also Claim 1, supra. 

 

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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