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1. Introduction 
In RAN#95-e a new WID for NR demodulation performance evolution was approved and revised in [1]. In this contribution we present our views on advanced receiver to cancel intra-user interference in MU-MIMO.
2. Discussion
The objectives of the WI as agreed in [1] are:
	· Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
· Phase I: Study the performance gain, reference receiver assumption, interference modeling, testability, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission 
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver
· Note: As baseline, performance requirements shall be specified under single reference receiver assumption. This baseline can be revisited at RAN #100 if necessary.



In Rel-17 under Further demodulation enhancements WI, RAN4 introduced requirements for MU-MIMO with MMSE-IRC receiver. In the study phase of Rel-17 WI we evaluated several scenarios, in some of which we found that MMSE-IRC receiver is not suitable for MU-MIMO. We propose to use those scenarios as the starting point for R18 study phase. 
Observation #1: In Rel-17 study phase for inter-UE interference mitigation for MU-MIMO some configurations were not suitable for MMSE-IRC receiver.
Proposal #1: For Rel-18 study, use scenarios that were unsuitable for MMSE-IRC receiver as the starting point. 
Inter-User Interference Modeling 
For the simulation assumptions for the study phase, we also propose to use the assumptions from Rel-17 as a starting point for inter-user interference modeling. We propose the following assumptions:
· Number of paired UEs: 2 (1 target + 1 co-scheduled UE)
· Rank: 2+2 (Target UE 2, co-scheduled UE 2)
· With DMRS ports of target and co-scheduled UE in different CDM groups
· Antenna configuration: 4x4 
· Antenna Correlation Model: ULA Low, ULA Med-A, XP-Med
· Codebook Type: Type 1 single panel CB
· PMI Matrix 
· For target UE: random with precoding granularity 2 PRB
· For co-scheduled: Select the PMI matrix of Co-scheduled UE such that PMI of co-scheduled and target UE are orthogonal. Precoding granularity of 2.

Proposal #2: Use the following assumptions for inter-user interference modeling -
- Number of paired UEs: 2 (1 target + 1 co-scheduled UE)
- Rank: 2+2 (Target UE 2, co-scheduled UE 2). With DMRS ports of target and co-scheduled UE in different CDM groups
- Antenna configuration: 4x4 
- Antenna Correlation Model: ULA Low, ULA Med-A, XP-Med
- Codebook Type: Type 1 single panel CB
- Precoding granularity: 2 for both target and co-scheduled UE
- PMI for target UE: Random with precoding granularity 2 PRB
- PMI for co-scheduled UE: Select the PMI matrix of Co-scheduled UE such that PMI of co-scheduled and target UE are orthogonal. Precoding granularity of 2

PDSCH Parameters

For the PDSCH parameters, we have identified the scenarios that are not suitable for MMSE-IRC receiver. For study phase in Rel-18, we could start with those scenarios. In our contribution in RAN4#100-e [2] we presented the following results and observations for MU-MIMO with MMSE-IRC receiver:
 
	4TX with 2 layers on target UE
For 4x4 with 2 layers on target UE, we evaluate performance with 16QAM (MCS13) and 64QAM (MCS19) with 1 and 2 layers on co-scheduled UE.
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Figure 5: 4x4 – 2 layers on target UE

For 16QAM, 2 layers on target UE, with 1 layer on co-scheduled UE performance deltas are like that 4x4 with 1 layer per UE.  With 2 layers on co-scheduled UE, in TDLC300 performance is degraded and doesn’t reach maximum TP at reasonable SNR.
Observation #6: For 16QAM and 2 layers for each user, in TDLC300 channel, max TP is not achieved at reasonable SNR. 
For 64QAM, 2 layers on target UE, performance in TDLC300 channel is severely degraded. For TDLA30 channel, we observe degradation with 2 layers on target UE. For 2 layers per user in TDLA, maximum TP is not achieved at reasonable SNR. 
Observation #7: For 64QAM in TDLC300 channel, performance is severely degraded. 
Based on the performance evaluation and observations above, we propose not to consider the following configurations for further evaluation or requirements definition for MU-MIMO:
· TDLC300-100 channel model
· 2TX with 16QAM (MCS13)
· 64QAM with 2 layers per user

Proposal #7: Do not consider the following configurations for further evaluation or requirements definition for MU-MIMO:
· TDLC300-100 channel model
· 2TX with 16QAM / MCS13
· 64QAM with 2 layers per user




From the scenarios evaluated in R17, we propose to start with the following for advanced receiver study:
MCS: 13, 19
Channel Model: TDLA30-10, TDLC300-100
Proposal #3: For study phase with advanced receiver start with the following scenarios for evaluation: 
	- MCS 13 (16QAM), 19 (64QAM)
	- Channel Model: TDLA30-10, TDLC300-100
For other simulation parameters we could use the same as R17 MU-MIMO requirements. We have consolidated the simulation assumptions in the Table 1. 
Table 1: Simulation parameters for advanced receiver evaluation for MU-MIMO
	Parameter
	Target UE
	Co-Scheduled UE

	Duplex mode
	FDD, TDD

	Active DL BWP index
	1
	1

	CBW/SCS
	FDD: 10 MHz/ 15 KHz
TDD: 40MHz/30KHz

	RB allocation
	Full bandwidth

	MCS
	13, 19
	Randomly precoded 

	MIMO layer
	Rank 2
	Rank 2

	Antenna Config and Correlation
	4x4 ULA Low
4x4 Med-A
4x4 XP-Med

	Channel Model
	TDLA-30-10
TDLC-300-100

	PDSCH configuration

	Mapping type
	Type A
	Type A

	Starting symbol (S) 
	2
	2

	Length (L)
	12
	12

	PDSCH DMRS configuration

	DMRS Type
	Type 1
	Type 1

	Number of additional DMRS
	1
	1

	Maximum number of OFDM symbols for DL front loaded DMRS
	1
	1

	DMRS Ports
	1000,1001
	1002,1003

	Precoding Model

	Granularity
	2 PRB

	Type
	Target UE: Randomly generated per slot from SP Type I codebook
Co-Scheduled UE: Orthogonal to target UE

	HARQ Parameters

	Number of HARQ Processes
	FDD: 4
TDD: 8
	N/A

	Maximum HARQ transmission
	4
	N/A





Receiver Assumption
In the study phase we need to evaluate performance for E-MMSE-IRC and R-ML receiver for performance in mitigating inter-user interference in MU-MIMO. For evaluation criteria, we could use the gain with advanced receiver over MMSE-IRC receiver.
Proposal #4: Use gain of advanced receiver over MMSE-IRC as evaluation criteria. 
For these advanced receivers we also need to discuss the parameters of the co-scheduled UE and how they are signaled to the UE. For each of the advanced receiver different parameters are needed. For E-MMSE-IRC receiver, the UE should be indicated with the DMRS parameters of the co-scheduled UE(s) for channel estimation for the co-scheduled UE. For R-ML receiver in addition to the DMRS parameters, the modulation order of the co-scheduled UE is also needed. 
Observation #2: For E-MMSE-IRC receiver we need the DMRS parameters of the co-scheduled UE(s) for channel estimation.
Observation #3: For R-ML receiver we need DMRS parameters for channel estimation, modulation order of the co-scheduled UE(s). 
The DMRS parameters for the co-scheduled UE include:
1. DMRS ports
2. DMRS Scrambling ID
3. Pre-coding granularity of co-scheduled UE
The UE also needs to know the PDSCH allocation of the co-scheduled UE in case it is not the same as the target UE. 
Observation #4: The DMRS parameters needed for channel estimation of co-scheduled UE include
- DMRS ports
- DMRS scrambling ID
- Precoding granularity

Observation #5: The target UE also needs to know the PDSCH allocation of the co-scheduled UE in case it is not the same. 

We need to further discuss how the co-scheduled UE parameters are made available to the UE. For the study phase, we think it would be a reasonable assumption that we first agree on the parameters needed for advanced receiver and that they are available at the UE via assistance signaling.
Proposal #5: For the study phase, we agree on the parameters of the co-scheduled UE needed for the advanced receiver and assume that they are available at the UE via assistance signaling. 

3. Conclusion
In this paper, we provide our views on advanced receiver to cancel intra-user interference in MU-MIMO. Our observations and proposals are captured below:
Observation #1: In Rel-17 study phase for inter-UE interference mitigation for MU-MIMO some configurations were not suitable for MMSE-IRC receiver.
Proposal #1: For Rel-18 study, use scenarios that were unsuitable for MMSE-IRC receiver as the starting point. 
Proposal #2: Use the following assumptions for inter-user interference modeling -
- Number of paired UEs: 2 (1 target + 1 co-scheduled UE)
- Rank: 2+2 (Target UE 2, co-scheduled UE 2). With DMRS ports of target and co-scheduled UE in different CDM groups
- Antenna configuration: 4x4 
- Antenna Correlation Model: ULA Low, ULA Med-A, XP-Med
- Codebook Type: Type 1 single panel CB
- Precoding granularity: 2 for both target and co-scheduled UE
- PMI for target UE: Random with precoding granularity 2 PRB
- PMI for co-scheduled UE: Select the PMI matrix of Co-scheduled UE such that PMI of co-scheduled and target UE are orthogonal. Precoding granularity of 2
Proposal #3: For study phase with advanced receiver start with the following scenarios for evaluation: 
	- MCS 13 (16QAM), 19 (64QAM)
	- Channel Model: TDLA30-10, TDLC300-100
Proposal #4: Use gain of advanced receiver over MMSE-IRC as evaluation criteria. 
Observation #2: For E-MMSE-IRC receiver we need the DMRS parameters of the co-scheduled UE(s) for channel estimation.
Observation #3: For R-ML receiver we need DMRS parameters for channel estimation, modulation order of the co-scheduled UE(s). 
Observation #4: The DMRS parameters needed for channel estimation of co-scheduled UE include
- DMRS ports
- DMRS scrambling ID
- Precoding granularity

Observation #5: The target UE also needs to know the PDSCH allocation of the co-scheduled UE in case it is not the same. 
Proposal #5: For the study phase, we agree on the parameters of the co-scheduled UE needed for the advanced receiver and assume that they are available at the UE via assistance signaling.  
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