[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 98-bis-e	R4-2104847
Electronic Meeting, Apr. 12-20, 2021
Agenda item:	8.14.2.2
Source:	Apple Inc.
Title:	On PDSCH requirements in MU-MIMO scenarios
Release:	Rel-17
Document for:	Discussion

1. Introduction 
In RAN#89e the Work Item for Further enhancement on NR demodulation performance was approved. The WID [1] includes an objective for MMSE-IRC receiver for suppressing intra-cell inter-user interference.  In this contribution we present our views on introducing requirements for PDSCH demodulation with MU-MIMO transmission. 
2. Discussion
The objectives related to introducing requirements in MU-MIMO are captured below

	· 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 
· 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




Test Setup
In order to support transmission to multiple UEs without interference, the gNB can transmit DMRS on different CDM groups. Also, to facilitate interference mitigation/suppression from co-scheduled UEs, UE is configured with number of CDM groups without data. For MU-MIMO, we propose to configure test cases with co-scheduled UE on different CDM group as target UE and also, the target UE with 2 CDM groups without data.
Proposal #1: Transmit co-scheduled UE on different CDM group as target UE.
Proposal #2: Use number of CDM groups without data on target UE as 2.
To support transmission to multiple UEs for MU-MIMO, we need to null the interference from co-scheduled UEs. This is typically achieved by Zero-forcing precoder. Zero forcing precoder is effective when it is derived based on the actual channel or PMI report from the UE.  For PDSCH demodulation requirements, we don’t enable CSI feedback and PDSCH and PDSCH DMRS is transmitted with a randomly generated precoder. With randomly generated precoders, it’s not guaranteed that the columns of the target UE’s precoder are orthogonal to those of the co-scheduled UE’s precoder. In fact, one precoder can be a subset of the other. In this case, performance degradation is expected even if the antenna-to-antenna MIMO channel has low spatial correlation. This is due to the high correlation created by the overall precoder at gNB pre-transmission.
Observation #1: ZF precoder is effective in nulling inter-user interference when UE reported PMI or actual channel is used rather than random PMI.
One solution is to choose the precoder randomly for co-scheduled UEs and then use an orthogonalization method, e.g. QRD or SVD to orthogonalize the columns of the overall precoder matrix  as summarized below:
1. Choose precoders of the  co-scheduled users randomly and horizontally concatenate them to get the overall precoder matrix  as follows:

2. Compute the -norm squared of every column of  as follows:

where  is a vector of length 
3. Use QRD or SVD to get the orthonormal basis of  as follows:

4. Keep only the first  columns of  and scale every column using its corresponding value in  vector as follows

where  is a diagonal matrix with the square root of  entries of its diagonal. The purpose of this scaling is to preserve the power of every column such that the Frobenius norm of  is one for  as in the codebook.
5.  is the first  columns of ;  is the next  columns of , and so on., i.e.


We show the performance using QRD orthogonalization vs ZF precoders below, for up to 64QAM and using 2x2 and 4x4 antenna configuration. 
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Figure 1: Performance comparison of ZF precoder vs QRD orthogonalization
We observe that for 16QAM and 64QAM that with QRD orthogonalization we have 1.5 - 3dB improvement in performance with randomly generated PMI. 
Observation #2: 1.5 - 3dB performance improvement is observed with QRD orthogonalization over ZF precoding with randomly generated PMI.
To achieve better inter-user interference suppression, use QRD to generate orthogonal precoders for MU-MIMO.
Proposal #3: Use QRD orthogonalization to generate precoders for MU-MIMO.
In the WID the objective states that the requirements if introduced shall be introduced for 2RX and 4RX antenna. For MU-MIMO scenario, we have a limitation of restricting total number of layers transmitted from all co-scheduled UEs to be less than or equal to the number of RX antenna on the target UE. Without this restriction, the UE would not have enough degrees of freedom to reject inter-user interference with MMSE-IRC receiver. Hence, the total number of layers shall be restricted to 2 in case of 2RX and 4 in case of 4RX antenna. 
Proposal #4: The total number of layers transmitted shall be less than or equal to the number of UE RX antenna.

Performance Evaluation
Based on the test setup proposed, we present some initial evaluation results for 2x2 and 4x4 antenna configurations for different number of layers on target and co-scheduled UE. We consider one co-scheduled UE for the evaluation. We also compare against performance in SU-MIMO as a baseline. MMSE-IRC receiver is used for evaluation. Simulation assumptions for the evaluation are captured in Table 1 below.

Table 1: Simulation parameters for MU-MIMO evaluation
	Parameter
	Target UE
	Co-Scheduled UE

	Duplex mode
	FDD

	Active DL BWP index
	1
	1

	CBW/SCS
	10 MHz/ 15 KHz

	RB allocation
	Full bandwidth

	MIMO layer
	Rank 1,2,3
	Rank 1,2,3

	Antenna Config and Correlation
	2x2, ULA Low
4x4, ULA Low

	Channel
	TDLA30-10

	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
	2
	2

	Precoding Model

	Granularity
	Wideband

	Type
	Randomly generated per slot from SP Type I codebook
QRD orthogonalization

	HARQ Parameters

	Number of HARQ Processes
	8
	N/A

	Maximum HARQ transmission
	4
	N/A



Rank 1 on target UE
We compare the performance with 1 layer per UE for 2x2. Performance results are captured in Figure 2 below.
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Figure 2: MU-MIMO Performance with Rank 1-2x2
We observe performance degradation of > 5dB with 64QAM and 256QAM for 2x2 with single layer transmission. 
For 4x4 we evaluate performance with 1 layer for target UE and 1, 2, 3 layers on co-scheduled UE. Performance results are captured in Figure 3 below.
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Figure 3: MU-MIMO Performance with Rank 1-4x4
We observe performance degradation of > 5dB compared to SU-MIMO with 16QAM and 3 layers on co-scheduled UE. With up to 2 layers on co-scheduled UE, with 64QAM and 256QAM the relative performance delta compared to SU-MIMO are comparable. 

Rank 2 on target UE
For 4x4 we evaluate performance with 2 layers for target UE and 1, 2 layers on co-scheduled UE. Performance results are captured in Figure 4 below.
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Figure 4: MU-MIMO Performance with Rank 2
We observe performance degradation of > 5dB with 64QAM and 256QAM and 2 layers on co-scheduled UE.


Rank 3 on target UE
For 4x4 we evaluate performance with 3 layers for target UE and 1 layer on co-scheduled UE. Performance results are captured in Figure 5 below.
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Figure 5: MU-MIMO Performance with Rank 3
With 3 layers on target UE, there is small degradation in QPSK with MU-MIMO compared to SU-MIMO and performance degradation of > 5dB with 64QAM and 256QAM compared to SU-MIMO.

Based on the performance results, we propose to limit the study and evaluation for MU-MIMO to up to 16QAM for 2x2 and up to 64QAM for 4x4. Also, for 4x4, we propose to limit the layers combinations to [1,1], [1,2], [2,1] on target and co-scheduled UE respectively.
Proposal #5: Limit the study and evaluation for MU-MIMO to up to 16QAM for 2x2 and up to 64QAM for 4x4.
Proposal #6: For 4x4 limit the layers combinations to [1,1], [1,2], [2,1] on target and co-scheduled UE respectively.


3. Conclusion
In this paper, we provide our views on introducing requirements for PDSCH demodulation with MU-MIMO transmission. Our observations and proposals are captured below:
Proposal #1: Transmit co-scheduled UE on different CDM group as target UE.
Proposal #2: Use number of CDM groups without data on target UE as 2.
Observation #1: ZF precoder is effective in nulling inter-user interference when UE reported PMI or actual channel is used rather than random PMI.
Observation #2: 1.5 - 3dB performance improvement is observed with QRD orthogonalization over ZF precoding with randomly generated PMI.
Proposal #3: Use QRD orthogonalization to generate precoders for MU-MIMO.
Proposal #4: The total number of layers transmitted shall be less than or equal to the number of UE RX antenna.
Proposal #5: Limit the study and evaluation for MU-MIMO to up to 16QAM for 2x2 and up to 64QAM for 4x4.
Proposal #6: For 4x4 limit the layers combinations to [1,1], [1,2], [2,1] on target and co-scheduled UE respectively.
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