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1. Introduction 
In RAN4#99-e PDSCH demodulation requirements for inter-user interference with MMSE-IRC receiver was discussed and way forward [1] was agreed. In this contribution we present simulation results for phase 1 evaluation and our views on open issues related to requirements for MU-MIMO.  
2. Discussion
Inter-user Interference Modelling
The open issues related to inter-user interference modelling for phase I evaluation are:
· FFS if 8/ 16TX configurations should be considered for evaluation
· Number of paired UEs 
· Codebook type	
· Precoder selection for target UE
· Precoding granularity
· PRB bundling size
· Precoder selection for interference UE

For interference modelling, we have a number of open issues related to 8/16TX. With larger number of TX antennas, random precoder can no longer be used and requires the use of PMI feedback to guarantee performance. Introducing follow PMI for PDSCH demod requirements introduces combining requirements for PDSCH demodulation and CSI reporting. We are not in favor of combining requirements for PDSCH demodulation and PMI reporting. 
Observation #1: With 8/16TX, follow PMI will need to be used. 
Proposal #1: Do not combine PDSCH demodulation and PMI reporting requirements.
When the feedback PMI is used, zero forcing would need to be used to generate orthogonal precoders. Based on TE vendor’s feedback implementing ZF precoder is not feasible. The other option for generating orthogonal precoder would be to select a precoder for co-scheduled UE that is orthogonal to target UE precoder based on PMI feedback. This is not trivial for 4TX and 8TX codebooks.
Observation #2: Zero forcing would need to be used to ensure orthogonality, which is infeasible based on TE vendor’s feedback.
Observation #3: Selecting precoder(s) for co-scheduled UE(s) to ensure orthogonality based on PMI feedback for target UE is not trivial for 8/16TX codebook. 
Based on the observations, we don’t think it is practical and feasible to consider 8/16TX for PDSCH demod requirements for MU-MIMO. Hence, we propose not to introduce PDSCH demod requirements for MU-MIMO with 8/16TX.
Proposal #2: Do not introduce requirements with 8TX or 16TX for PDSCH demod for MU-MIMO. 
 
For 2TX and 4TX, precoder section for interference UE is another open issue. The options discussed in [1] for precoder selection for 2TX and 4TX for interference UE:
· Option 1: Select the precoder to ensure orthogonality
· Option 2: Random ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test
· Option 3: Fixed
We support option 1 to ensure optimal performance and ensure orthogonality that would be typically seen in real gNB implementation. 
With option 2, just selecting a non-identical precoder for interference UE will not guarantee orthogonality and could result in performance degradation. Also, when we have different number of layers on target and co-scheduled UEs, precoder with lower rank could be a sub-set of precoder with larger rank, which is not desirable. To avoid issues with precoder selection that lead to potential performance degradation, we recommend selecting precoder to ensure orthogonality.
Proposal #3: For 2TX and 4TX case select precoders to ensure orthogonality.

Reference Receiver
Open issues related to reference receiver:
· Network assistance 
· FFS on whether considering network assistance
· Companies are encouraged to investigate the pro’s and con’s in the next meeting in order to make decision  
· QCL assumptions
· Option 1: Assume different QCL information for different CDM groups for studying scenarios with target and interfering UEs on different CDM groups.
· Option 2: Same QCL assumption
· Option 3: No need to consider and specify the QCL assumptions if we agree on using baseline reference receiver.
Network assistance for MU-MIMO would be very beneficial especially in case of higher number of TX antenna with larger number of co-scheduled UEs and for the case of advanced receiver processing. With NumCDMGroupsWithoutData > 1, UE can be configured with DMRS and PDSCH not multiplexed on a symbol to enable UE to estimate interference covariance from co-scheduled UEs. In case NumCDMGroupsWithoutData > 1 is not configured, or the co-scheduled UEs are not configured to transmit on the REs with no data on DMRS symbols, UE would need advanced receiver processing to estimate interference covariance from co-scheduled users. Hence, we propose to introduce network assistance for MU-MIMO. 
Proposal #4: Introduce network assistance for PDSCH demodulation for MU-MIMO.
We propose that RAN4 further discuss the details of network assistance for MU-MIMO.
Proposal #5: RAN4 further discuss details of network assistance for MU-MIMO. 
PDSCH Parameters
Open issue on simulation parameters:
· Channel bandwidth
· Option 1:
· For FDD 15kHz SCS: Cover 10MHz and 50MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
· Option 2: 
· For FDD 15kHz SCS: Cover 10MHz
· For TDD 30kHz SCS: Cover 40MHz 
· Option 3:
· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
· Option 4: Different assumptions for evaluation phase and for requirements definition can be considered
We think it is sufficient to evaluate performance for 10MHz in FDD and 40MHz in TDD as these were agreed as the most common CBW/SCS combination. Increasing the CBW doesn’t have an impact on performance, and we propose to only have 1 CBW for FDD and TDD as in option 2. 
Proposal #6: Evaluate performance with CBW of 10MHz and 40MHz for FDD and TDD, respectively. 
3. Simulation Results
We evaluated the performance for 2Tx with 1 layer per UE and 4TX with up to 2 layers per UE. The simulation assumptions for our evaluation are captured in the Appendix. We also compare against SU-MIMO to understand the performance delta in MU-MIMO from inter-user interference. 

2TX with 1 layer on each UE
For 2TX with 1 layer per UE, we evaluate performance with QPSK (MCS4) and 16QAM (MCS13) for 2RX and 4RX. 
	[image: ]
	[image: ]

	[image: ]
	[image: ]


Figure 1: 2x2 – 1 layer per UE 
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Figure 2: 2x4 – 1 layer per UE 
For 1 layer per UE for 2x2, we observe degradation with MU-MIMO for 16QAM case.
Observation #4: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case.


4TX with 1 layer on each UE
For 4TX with 1 layer per UE, we evaluate performance with QPSK (MCS4) and 16QAM (MCS13) for 2RX and 4RX.
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Figure 3: 4x2 – 1 layer per UE 
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Figure 4: 4x4 – 1 layer per UE 
For 1 layer per UE for 4x2, we observe degradation with MU-MIMO for 16QAM in TDLC300.
Observation #5: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case in TDLC300.

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 acheivedat 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

4. Conclusion
In this contribution we present initial simulation results and our views on open issues related to requirements for MU-MIMO.  Our observations and proposals are captured below:
Observation #1: With 8/16TX, follow PMI will need to be used. 
Proposal #1: Do not combine PDSCH demodulation and PMI reporting requirements.
Observation #2: Zero forcing would need to be used to ensure orthogonality, which is infeasible based on TE vendor’s feedback.
Observation #3: Selecting precoder(s) for co-scheduled UE(s) to ensure orthogonality based on PMI feedback for target UE is not trivial for 8/16TX codebook. 
Proposal #2: Do not introduce requirements with 8TX or 16TX for PDSCH demod for MU-MIMO. 
Proposal #3: For 2TX and 4TX case select precoders to ensure orthogonality.
Proposal #4: Introduce network assistance for PDSCH demodulation for MU-MIMO.
Proposal #5: RAN4 further discuss details of network assistance for MU-MIMO. 
Proposal #6: Evaluate performance with CBW of 10MHz and 40MHz for FDD and TDD, respectively. 
Simulation Results:
Observation #4: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case.
Observation #5: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case in TDLC300.
Observation #6: For 16QAM and 2 layers for each user, in TDLC300 channel, max TP is not achieved at reasonable SNR. 
Observation #7: For 64QAM in TDLC300 channel, performance is severely degraded. 
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

Reference
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Appendix
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
	Rank 1,2

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

	Channel
	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
	1 Layer:1000
2 Layers 1000,1001
	1 Layer:1002
2 Layers 1002,1003

	Precoding Model

	Granularity
	2 PRB

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

	HARQ Parameters

	Number of HARQ Processes
	4
	N/A

	Maximum HARQ transmission
	4
	N/A
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