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Introduction
In the RAN #89-e meeting, new WI “Further enhancement on NR demodulation performance” was approved. The revised version was approved in RAN #90-e meeting [1]. Based on the approved work item description, the following objective is considered
	UE demodulation and CSI reporting requirements:
· MMSE-IRC receiver for suppressing intra-cell inter-user interference
· Phase I: Evaluate the performance under practical MU-MIMO interference profile for the candidate reference receiver.
· Identify practical MU-MIMO interference modelling methodology 
· [bookmark: _Hlk68270892]Reference receiver: MMSE-IRC receiver. Use the DMRS-based interference covariance estimation method as a starting point
· Prioritize slot-based transmission scenario
· Phase II: Define the requirements if needed based on the outcome of phase I
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx for FR1


In this paper we provide our view on UE requirements for MMSE-IRC receiver for scenario with intra-cell inter-user interference.
Discussion
MU-MIMO interference modelling
One of the open questions for requirements with intra-cell inter-user interference is practical MU-MIMO interference modeling. 
One of potential options is explicit MU-MIMO modeling. For example, if we consider Rank 1 transmission per UE and modeling of 2 UEs scheduling, then we can consider transmission for UE#1 using AP 1000 and for UE#2 using AP 1001 or 1002. If we consider Rank 2 transmission per UE and modeling of 2 UEs scheduling, then we can consider transmission for UE#1 using AP 1000 and 1002 and for UE#2 using AP 1003 or 1004. 
As for precoding assumptions, we can consider two options for PMI selection for serving UE #1: random or feedback based. Same time, for interference UE #2 we can setup PMI to ensure orthogonality between selected PMIs (for example, for 2 Tx case if PMI [1; 1]/sqrt(2) will be selected for UE#1 then PMI [1; -1]/sqrt(2) can be used for UE#2). If random PMI selection will be considered for serving UE #1 then we can face the situation that interference signal will directed towards serving UE #1 and serving signal will be directed the other way. Such case can be observed especially for scenarios with small number of Tx antennas. Therefore, feedback-based PMI selection mode is more preferable solution because it close to practical assumptions. However, we can check two PMI selection procedures ana analyze pros and cons of each option. 
In Figure 1, we provide the illustration of precoding and AP mapping for several examples of MU-MIMO modeling.
	Rank 1 per UE
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	Rank 2 per UE
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	[bookmark: _Ref67764317]Figure 1. Precoding and AP mapping for MU-MIMO.


As for interference PDSCH signal structure, random signal generation can be considered for interference UE with any modulation format (for example, 16QAM), taking into account that MMSE-IRC performance does not depend on interference signal modulation.
Proposal 1:	Consider the following assumptions for MU-MIMO modelling:
· Explicit modelling of PDSCH+DMRS signal for one interference UE
· Random or feedback-based precoder selection of serving UE
· Selection of precoder for interference UE to ensure orthogonality of serving and interference precoders
· Random PDSCH signal generation for interference UE with 16QAM modulation
Detailed simulation assumptions
Based on WID, scenarios with slot-based transmission are prioritized. As for detailed simulation assumptions, we can reuse the typical configurations from Rel-15 PDSCH demodulation requirements:
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH Rank 1 or Rank 2, MCS 5 or 12 or 19.
· Channel model: TDL-A, 30 ns, 10 Hz
In case of Rank 1 transmission per UE, two different scenarios can be considered (Figure 2): 
· Scenario 1-1: Number of CDM groups without data is equal to 1, UE #1 uses AP 1000, UE #2 uses AP 1001.
· Scenario 1-2: Number of CDM groups without data is equal to 2, UE #1 uses AP 1000, UE #2 uses AP 1002.
	Scenario 1-1
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	Scenario 1-2
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	[bookmark: _Ref67769491]Figure 2. Scenarios with Rank 1 per UE.


These two scenarios allow to verify two different receiver algorithms:
· Scenario 1-1 allows to verify that UE makes dispreading as a part of DMRS channel estimation
· Scenario 1-2 allows to verify that UE makes covariance matrix estimation based on all resource elements within configured DMRS CDM group (i.e. not only on resource elements belonging to serving DMRS AP 1000)
However, dispreading processing is already verified by Rel-15 PDSCH requirements with number of MIMO layers higher than 1. Therefore, we can focus on definition of requirements for Scenario 1-2.
In case of Rank 2 transmission per UE, DMRS mapping is provided in Figure 3.
	Scenario 2
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	[bookmark: _Ref67770432]Figure 3. Scenario with Rank 2 per UE.


This scenario allows to verify that UE makes dispreading to make correct channel estimation for DMRS APs 1000 and 1001 and that UE makes covariance matrix estimation based on all resource elements within configured DMRS CDM group.
Another question is receiver assumptions for MU-MIMO interference cancellation. Based on WID, MMSE-IRC receiver with the DMRS-based interference covariance estimation method is assumed as the starting point. Same time, for MU-MIMO mode, UE has enough information to make channel estimation of interference signal and execute joint (serving + interference) demodulation processing. After demodulation, UE can take equalized symbols corresponding to serving signal and apply decoding. The following MMSE-IRC processing is suggested for further analysis: 
· MMSE-IRC Option 1: .
· MMSE-IRC Option 2: , where .
Proposal 2:	Consider the following simulation assumptions for MMSE-IRC requirements for scenario with intra-cell inter-user interference:
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· Type A PDSCH mapping with starting symbol 2 and duration 12
· Serving PDSCH Rank 1 or Rank 2, MCS 5 or 12 or 19
· Interference PDSCH Rank is same as for Serving PDSCH
· DMRS Type 1 with 1 additional RS
· DMRS AP mapping:
· Rank 1 – Option 1: Number of CDM groups without data is equal to 1, UE #1 uses AP 1000, UE #2 uses AP 1001.
· Rank 1 – Option 2: Number of CDM groups without data is equal to 2, UE #1 uses AP 1000, UE #2 uses AP 1002.
· Rank 2: Number of CDM groups without data is equal to 2, UE #1 uses APs 1000 and 1001, UE #2 uses AP 1002 and 1003.
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 or 4x2 and 2x4 or 4x4
· Candidate receivers:
· Option 1: MMSE-IRC processing with serving signal demodulation
· Option 2: MMSE-IRC processing with joint (serving + interference) signal demodulation
Initial simulation results
In this section we provide our results with analysis of MMSE-IRC performance for scenario with intra-cell inter-user interference. As for serving precoding, we consider the feedback-based approach. Also, we consider MMSE-IRC receiver with only serving signal demodulation (i.e. without interference signal channel estimation). 
In Figure 4 we provide the results for Scenario 1-1 with 4x2 antenna configuration. In Figure 5 we provide the results for Scenario 1-2 with 4x2 antenna configuration. In Figure 6 we provide the results for Scenario 2 with 4x4 antenna configuration
	Serving PDSCH – Rank 1 QPSK
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	Serving PDSCH – Rank 1 16QAM
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	[bookmark: _Ref68272448]Figure 4. Simulation results for Scenario 1-1 with 4x2 antenna configuration



	Serving PDSCH – Rank 1 QPSK
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	Serving PDSCH – Rank 1 16QAM
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	[bookmark: _Ref68272645]Figure 5. Simulation results for Scenario 1-2 with 4x2 antenna configuration



	Serving PDSCH – Rank 1 QPSK
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	Serving PDSCH – Rank 1 16QAM
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	[bookmark: _Ref68272904]Figure 6. Simulation results for Scenario 2 with 4x4 antenna configuration


Observation #1:	MMSE-IRC does not allow to improve MU-MIMO performance for scenarios with QPSK modulation.
Observation #2:	MMSE-MRC cannot reach maximum throughput for scenarios with 16QAM modulation.
Observation #3:	Using of MMSE-IRC processing with interference-plus-noise covariance matrix estimation based on active serving DMRS positions leads to significant performance degradation for scenarios with 2 DMRS CDM groups.
Conclusion
In this paper we provided view on UE requirements for MMSE-IRC receiver for scenario with inter-cell interference and made the following proposals and observations:
Proposal 1:	Consider the following assumptions for MU-MIMO modelling:
· Explicit modelling of PDSCH+DMRS signal for one interference UE
· Random or feedback-based precoder selection of serving UE
· Selection of precoder for interference UE to ensure orthogonality of serving and interference precoders
· Random PDSCH signal generation for interference UE with 16QAM modulation
Proposal 2:	Consider the following simulation assumptions for MMSE-IRC requirements for scenario with intra-cell inter-user interference:
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· Type A PDSCH mapping with starting symbol 2 and duration 12
· Serving PDSCH Rank 1 or Rank 2, MCS 5 or 12 or 19
· Interference PDSCH Rank is same as for Serving PDSCH
· DMRS Type 1 with 1 additional RS
· DMRS AP mapping:
· Rank 1 – Option 1: Number of CDM groups without data is equal to 1, UE #1 uses AP 1000, UE #2 uses AP 1001.
· Rank 1 – Option 2: Number of CDM groups without data is equal to 2, UE #1 uses AP 1000, UE #2 uses AP 1002.
· Rank 2: Number of CDM groups without data is equal to 2, UE #1 uses APs 1000 and 1001, UE #2 uses AP 1002 and 1003.
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 or 4x2 and 2x4 or 4x4
· Candidate receivers:
· Option 1: MMSE-IRC processing with serving signal demodulation
· Option 2: MMSE-IRC processing with joint (serving + interference) signal demodulation
Observation #1:	MMSE-IRC does not allow to improve MU-MIMO performance for scenarios with QPSK modulation.
Observation #2:	MMSE-MRC cannot reach maximum throughput for scenarios with 16QAM modulation.
Observation #3:	Using of MMSE-IRC processing with interference-plus-noise covariance matrix estimation based on active serving DMRS positions leads to significant performance degradation for scenarios with 2 DMRS CDM groups.
References
[1] [bookmark: _Ref39839544][bookmark: _Ref31892213][bookmark: _Ref12973084][bookmark: _Ref47633322][bookmark: _Ref67577326]RP-202828 “Revised WID: Further enhancement on NR demodulation performance”, China Telecom, RAN #90-e, December 2020.
image1.emf

image2.emf

image3.emf
UE#1 (AP 1000) UE#2 (AP 1001)


image4.emf
UE#1 (AP 1000) UE#2 (AP 1002)


image5.emf
UE#1 (APs 1000 and 1001) UE#2 (APs 1002 and 1003)


image6.emf
-20 -15 -10 -5 0 5 10 15

SNR, dB

0

0.5

1

1.5

2

2.5

3

3.5

4

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, QPSK (MCS5), 4x2

MMSE-MRC

MMSE-IRC


image7.emf
-10 -5 0 5 10 15 20 25

SNR, dB

0

2

4

6

8

10

12

14

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, 16QAM (MCS13), 4x2

MMSE-MRC

MMSE-IRC


image8.emf
-20 -15 -10 -5 0 5 10 15

SNR, dB

0

0.5

1

1.5

2

2.5

3

3.5

4

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, QPSK (MCS5), 4x2

MMSE-MRC

MMSE-IRC

MMSE-IRC (Only Serving RS)


image9.emf
-10 -5 0 5 10 15 20 25

SNR, dB

0

2

4

6

8

10

12

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, 16QAM (MCS13), 4x2

MMSE-MRC

MMSE-IRC

MMSE-IRC (Only Serving RS)


image10.emf
-15 -10 -5 0 5 10 15 20

SNR, dB

0

1

2

3

4

5

6

7

8

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, QPSK (MCS5), 4x4

MMSE-MRC

MMSE-IRC

MMSE-IRC (Only Serving RS)


image11.emf
-10 -5 0 5 10 15 20 25 30

SNR, dB

0

5

10

15

20

25

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

CBW 10 MHz, SCS 15 kHz, PDSCH Type A, Rank 1, 16QAM (MCS13), 4x4

MMSE-MRC

MMSE-IRC

MMSE-IRC (Only Serving RS)


