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Background
In last meeting, a WF on advanced receiver for MU-MIMO scenario was agreed. In this contribution we provide our views on the open issued related to test parameters.
Discussions

Test cases for scenarios where R-ML receiver is not applicable
The candidate options for general test scenarios are listed as follows: 
	Issue 2-1: Test cases for scenarios where R-ML receiver is not applicable
· Candidate options:
· Option 1: Do not introduce test cases for scenarios where R-ML receiver is not applicable
· Other options are not precluded


RAN4 has agreed to choose R-ML receiver for requirements definition, also only single receiver type should be considered based on the WI scope. Therefore, it's better to not consider E-MMSE-IRC receiver for requirements definition since. Therefore, we support Option 1.
Proposal 1: Don't introduce test cases for scenarios where R-ML receiver is not applicable.

Test scope
The candidate options for test scope are listed as follows:
	Issue 2-2: Test scope
· Candidate options:
· Option 1: Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO
· Both FDD 15kHz SCS with 10MHz CHBW and TDD 30kHz SCS with 40MHz CHBW
· 2Tx-2Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 2Tx-4Rx with rank 1 for both target and co-scheduled UE on each PRB.
· 4Tx-4Rx, FFS the rank number for target and co-scheduled UE on each PRB.
· Option 2: Reuse the same test scope for Rel-17 MMSE-IRC for MU-MIMO except for tests for 2Tx-4Rx


Our understanding is that RAN4 could reuse the Rel-17 MMSE-IRC test setup for test without modulation order detection:
Rank 1+1: 2T2R ULA Med, 2T4R ULA Med.
Rank 2+2: 4T4R ULA Low
For test with modulation order detection, we propose to only consider Rank 1+1. The reason is that there are too many diverse modulation order detection algorithms, which means it’s very challengeable to unify the modulation order detection algorithm and align the simulation results. Taking Rank 2+2 as an example, at least two algorithms are likely to be implemented:
a) UE performs MO detection per interference layer with whitening the remaining layers in advance. 
b) UE performs joint maximum likehood detection for all interference layers. 
Obviously b) has better performance than a) but also has higher complexity. Based on that, companies with different implementations may have different results, considering there is limited time left for this WI, we propose to only introduce Rank 1+1 that is the simplest MU-MIMO case with 1 interference layer, which brings the benefits that the same performance can be expected for different algorithms, so it's much easier to align the simulation results.
Observation 1:  Diverse modulation detection algorithms makes it challengeable to unify the algorithm and align the simulation results within the limited time left for this WI. 
Observation 2:  Defining case with Rank 1+1 can minimize the performance impact of diverse implementation of MO detection, which makes it easier to align the simulation results.
Proposal 2: RAN4 to consider following test scope:
For test without MO detection
· Rank 1+1: 2T2R ULA Med, 2T4R ULA Med.
· Rank 2+2: 4T4R ULA Low
For test with MO detection
· Rank 1+1: 2T2R ULA Med, 2T4R ULA Med.

Co-scheduled UE number
The candidate options for test scope are listed as follows:
	Co-scheduled UE number
· Candidate options:
· For the cases without modulation order blind detection:
· Option 1: 1 co-scheduled UE
· Option 2: In addition to 1 co-scheduled UE, define performance requirements based on multiple co-UEs using the same modulation order 
· For the cases with modulation order blind detection:
· Option 1: Model 2 co-scheduled UEs with different modulation orders and different FDRA
· Option 2: In addition to 1 co-scheduled UE, define performance requirements based on multiple co-UEs using the same modulation order
· Option 3: 1 co-scheduled UE


We don’t see any necessity to introduce cases with multiple co-scheduled UEs, configuring multiple co-scheduled UEs is much complicated for test setup without any benefit since all UE behaviours can be verified by configuring one co-scheduled.  
Proposal 3: Only consider 1 co-scheduled UE for the performance requirements definition.

Frequency domain resource allocation
The candidate options for FDRA are listed as follows:
	Issue 2-4: Frequency domain resource allocation
· Candidate options:
· Option 1: Define requirements with full CHBW FDRA co-scheduled UE only
· Option 2: Cover both full and partial CHBW resource allocation, and full CHBW resource allocation for the target UE


We don’t see any necessity to introduce cases with partial CHBW resource allocation, configuring partial CHBW is much complicated for test setup without any benefit since all UE behaviours can be verified by configuring full CHBW. Furthermore, partial resource allocation for co-scheduled UE reduces the number interference REs and makes R-ML performance gain smaller.
Proposal 4: Only consider full CHBW allocation for both target UE and co-scheduled UEs.

Test setting for the RAN4 agreed network default assumptions
The candidate options for network default assumptions are listed as follows:
	Issue 2-5: Test setting for the RAN4 agreed network default assumptions
· For phase II tests, all the RAN4 agreed network default assumptions should be valid
· FFS on the detailed RRC configuration details pending decisions on the signalling design



We propose that all the RAN4 agreed network default assumptions should be valid for Phase II tests

MCS Table
The open issues for MCS table configuration are listed as follows:
	Issue 2-6: MCS Table
· Candidate options on the RRC assistant information configuration on the MCS table:
· Option 1:
· For the cases without modulation order blind detection (UE informed DCI index 1-5), no need for the network to inform such information to the UE
· For the cases with modulation order blind detection (UE informed DCI index 6), FFS the RRC signaling configuration details after decisions are made
· Other options are not precluded.
· Candidate options on MCS Table1 for the test configuration:
· Option 1: The maximum MCS table is 256QAM or 64QAM MCS table, i.e., 1024QAM is not covered
· Option 2: Use MCS Table1



For cases without modulation order detection, the MCS table information of co-scheduled UE is unnecessary. For cases with modulation order detection, 256QAM is widely used in the real deployment, we propose to configure 256QAM table for co-scheduled UE with related RRC assistant signalling configured.
Proposal 6: For case without modulation order detection, the RRC based MCS table information is not configured. For case with modulation order detection, 256QAM table is configured for co-scheduled UE, related RRC assistant signalling should be configured.

Precoder selection for co-scheduled UE
The candidate options for precoder selection for co-scheduled UE are shown as follows:
	Issue 2-7: Precoder selection for co-scheduled UE
· Candidate options
· Option 1: Only consider orthogonal PMI selection with the target UE
· Option 2: Use the randomized precoder for co-scheduled UE which is not equal to any column of the precoder matrix of target UE
· Option 3: consider both random PMI and orthogonal PMI
· Option 3A: Consider random PMI selection for rank 1+1, and consider orthogonal PMI selection for rank 2+2


We support Option 3A to reuse the PMI selection agreed in Phase I, we have confirmed that for Rank 1+1, there are some performance gain for R-ML receiver with random PMI selection based on the study results in Phase I, our concern is that due to the lack of evaluation for orthogonal PMI selection for Rank 1+1, such gain is unpredictable and may be not sufficient to define the requirements. 
Proposal 7: Consider random PMI selection for rank 1+1, and orthogonal PMI selection for rank 2+2

Test setting for UEs not supporting modulation order blind detection
The candidate options for test setting for UE not supporting modulation order detection are shown as follows:
	Issue 2-8: Test setting for UEs not supporting modulation order blind detection
· Candidate options on Test with DCI index 1-5 configured (Tests #1-1):
· Option 1: Define Tests #1-1 with 1 co-scheduled UE and full FDRA
· Option 2: In addition to the Tests with 1 co-UE, consider cases with 2 co-UEs having same modulation order
· Candidate options on Test with DCI index 6 configured (Tests #1-2):
· Option 1: In addition to Tests #1-1, define Tests #1-2 to verify UE E-IRC receiving process under the same test parameters with Tests #1-1
· Option 2: Do not introduce test cases for scenarios where R-ML receiver is not applicable


[bookmark: _GoBack]For case with modulation order detection, it’s sufficient to introduce one test setting with DCI index 1~5 with 1 co-scheduled UE configured.  We don’t see the necessity to define additional requirements for E-IRC receiver under the cases corresponding to DCI index 6 since it has been agreed to choose single receiver type to define the requirements and E-IRC has so limited performance gain compared to R-ML that it is not rationale to define requirements as per the study of Phase I.  
Proposal 8: For UEs not supporting modulation order detection, only introduce test cases with DCI index 1~5 with 1 co-scheduled UE configured. 

Test setting for UEs supporting modulation order blind detection
The candidate options for test setting for UE supporting modulation order detection are shown as follows:
	· Candidate options on Tests with DCI index 6 configured (Tests #2-2):
· Option 1: Define Tests #2-2 to verify UE R-ML process with modulation order blind detection
· Option 1A: Model 2-co-scheduled UEs with different modulation order and different FDRA
· Option 1B: Follow test settings from test without modulation order blind detection except DCI signalling
· Option 1C: Model 1-co-scheduled UE with partial FDRA and single modulation order
· Option 1D: Only consider rank 1+1 with QPSK for the co-UE
· Candidate options on Test with DCI index 1-5 configured (Test #2-1):
· Option 1: In addition to Tests #2-2, Define Tests #2-1 to verify UE R-ML receiving process with modulation order information with 1 co-scheduled UE and full FDRA
· Other options are not precluded.
· Candidate options on Test with DCI index 7 configured (Test #2-3):
· Option 1: Introducing tests for R-ML with modulation order blind detection, with DCI index 7
· Other options are not precluded.


As we have proposed to consider Rank 1+1 for requirements definition with modulation order detection, DCI is not needed from modulation order detection complexity reduction perspective since only 1 interference layer exists which is equivalent to the target cases corresponding to DCI index 6. However, on the other hand, DCI index 6 can help UE know the existence of co-scheduled UE and then trigger the R-ML processing. So we slightly prefer to configure DCI index 6 for requirements definition with modulation order detection for Rank 1+1.
Observation 3: From modulation order detection complexity reduction perspective, DCI index 6 is not needed for Rank 1+1, but can help UE know the existence of co-scheduled UE. 
Proposal 9: For cases with modulation order detection (Only Rank 1+1), configure DCI index 6 to indicate testing UE the existence of the co-scheduled UE. 

Modulation order for the co-scheduled UE
One issue is modulation order for the co-scheduled UE. Candidate options are listed as below:
	Issue 2-10: Modulation order for the co-scheduled UE
· Candidate options:
· For the test cases without modulation order blind detection (for Tests#1-1 and Tests#2-1 if defined):
· Option 1: QPSK for rank 1+1, and 16QAM for rank 2+2 tests
· Option 2: QPSK for both rank 1+1 and rank 2+2 tests
· Option 3: 16QAM for both rank 1+1 and rank 2+2 tests
· Option 4: Cover both QPSK and 16QAM for rank 1+1, and QPSK for rank 2+2 tests
· For the cases with modulation order blind detection (for Tests#1-2 and Tests#2-2 if defined):
· Option 1: Follow test settings from test without modulation order blind detection
· Option 2: Model 1 co-scheduled UEs with QPSK, for both rank 1+1 and rank 2+2 tests
· Option 3: QPSK only
· Option 4: Model 2 co-scheduled UEs with QPSK and 16QAM respectively, for both rank 1+1 and rank 2+2 tests
· Option 5:
· For rank 1+1: Co-scheduled UE1 with Partial CHBW allocation and QPSK, co-scheduled UE2 with Partial CHBW allocation and 16QAM
· For rank 2+2: Co-scheduled UE1 with Partial CHBW allocation and 16QAM, co-scheduled UE2 with Partial CHBW allocation and 64QAM


The performance gain highly depends on the modulation order selection of target UE and co-scheduled UEs. RAN4 should choose MCS and modulation order combination where sufficient performance gain of R-ML compared to E-MMSE-IRC can be observed. Our simulation results copied from [2] are shown as follows:
Table 2-1: Summary of simulation results for genie aided knowledge of required information 
	Rank allocation
	Propagation 
Conditions
	PMI selection
	MCS for Serving UE
	Interference UE
	MMSE-IRC
	E-MMSE-IRC
	R-ML
	E-MMSE-IRC(Gain)
	R-ML(Gain)

	Rank 1+1
	TDLC300-100 Medium
	Random
	4
	QPSK
	5.6
	5.3
	4.2
	0.3
	1.1

	
	
	
	13
	QPSK
	21.9
	20.8
	13.7
	1.1
	8.2

	Rank 2+2

	TDLA30-10 Low
	Orthogonal
	13
	QPSK
	12.1
	12.1
	9.3
	0.0
	2.8

	
	
	
	
	16QAM
	12.1
	12.0
	11.3
	0.1
	0.8

	
	
	
	
	64QAM
	12.1
	12.1
	11.7
	0.0
	0.4

	
	
	
	17
	QPSK
	16.4
	16.4
	13.1
	0.0
	3.3

	
	
	
	
	16QAM
	16.5
	16.4
	15.1
	0.1
	1.4

	
	
	
	
	64QAM
	16.5
	16.4
	16.2
	0.1
	0.2

	
	TDLC300-100 Low
	Random
	13
	QPSK
	22.3
	18.3
	13.7
	4.0
	8.6

	
	
	
	
	64QAM
	22.3
	18.3
	17.4
	4.0
	4.9

	
	
	Orthogonal
	
	QPSK
	14.5
	13.3
	10.7
	1.2
	3.8

	
	
	
	
	64QAM
	14.5
	13.3
	12.9
	1.2
	1.6



Table 2-2: Summary of simulation results for case with modulation order estimation
	Rank allocation
	Propagation 
Conditions
	PMI selection
	MCS for Serving UE
	Interference UE
	E-MMSE-IRC
	R-ML
(With Modulation order detection )
	R-ML
(Ideal )
	Performance loss for modulation order estimation

	Rank 1+1

	TDLC300-100 Medium
	Random
	13
	QPSK
	20.8
	13.3
	13.3
	0.0

	
	
	
	
	16QAM
	TBD
	17.1
	16.9
	0.2

	
	
	
	
	64QAM
	TBD
	19.6
	18.9
	0.7

	Rank 2+2

	TDLA30-10 Low
	Orthogonal
	13
	QPSK
	12.1
	10.7
	9.3
	0.6

	
	
	
	
	16QAM
	12.0
	11.4
	11.4
	0.0

	
	
	
	
	64QAM
	12.1
	12.0
	11.7
	0.3

	
	
	
	17
	QPSK
	16.4
	14.0
	13.1
	0.9

	
	
	
	
	16QAM
	16.4
	16.0
	15.1
	0.9

	
	
	
	
	64QAM
	16.4
	16.2
	16.2
	0.0


Based on the simulation results listed in Table 2-1 and 2-2. We propose the following combination of MCS (target UE) and modulation order (Co-scheduled UE)
For case without modulation order detection:
Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK
Rank 2+2: Target UE: MCS17, Co-scheduled UE: QPSK
For case with modulation order detection:
Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK
Proposal 10: RAN4 to consider following combination of MCS (target UE) and modulation order (Co-scheduled UE)
For case without modulation order detection:
· Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK
· Rank 2+2: Target UE: MCS17, Co-scheduled UE: QPSK
For case with modulation order detection:
· Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK

Detailed test parameters
The other detailed test parameters can be reused from cases in Phase I:
Proposal 11: RAN4 to consider following detailed parameters:
Rank 1+1: TDLC300-100 ULA Med
Rank 2+2: TDLA30-10 ULA Low

Conclusion
In this contribution we provide our views on test parameters for advanced receiver for MU-MIMO. The proposals and observations are:
Proposal 1: Don't introduce test cases for scenarios where R-ML receiver is not applicable.
Observation 1:  Diverse modulation detection algorithms makes it challengeable to unify the algorithm and align the simulation results within the limited time left for this WI. 
Observation 2:  Defining case with Rank 1+1 can minimize the performance impact of diverse implementation of MO detection, which makes it easier to align the simulation results.
Proposal 2: RAN4 to consider following test scope:
For test without MO detection
· Rank 1+1: 2T2R ULA Med, 2T4R ULA Med.
· Rank 2+2: 4T4R ULA Low
For test with MO detection
· Rank 1+1: 2T2R ULA Med, 2T4R ULA Med.
Proposal 3: RAN4 to only consider 1 co-scheduled UE.
Proposal 4: Only consider full CHBW allocation for both target UE and co-scheduled UEs.
Proposal 5: All the RAN4 agreed network default assumptions should be valid for Phase II tests
Proposal 6: For case without modulation order detection, the RRC based MCS table information is not configured. For case with modulation order detection, 256QAM table is configured for co-scheduled UE, related RRC assistant signalling should be configured.
Proposal 7: Consider random PMI selection for rank 1+1, and orthogonal PMI selection for rank 2+2
Proposal 8: For UEs not supporting modulation order detection, only introduce test cases with DCI index 1~5 with 1 co-scheduled UE configured. 
Observation 3: From modulation order detection complexity reduction perspective, DCI index 6 is not needed for Rank 1+1, but can help UE know the existence of co-scheduled UE. 
Proposal 9: For cases with modulation order detection (Only Rank 1+1), configure DCI index 6 to indicate testing UE the existence of the co-scheduled UE. 
Proposal 10: RAN4 to consider following combination of MCS (target UE) and modulation order (Co-scheduled UE)
For case without modulation order detection:
· Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK
· Rank 2+2: Target UE: MCS17, Co-scheduled UE: QPSK
For case with modulation order detection:
· Rank 1+1: Target UE: MCS13, Co-scheduled UE: QPSK
Proposal 11: RAN4 to consider following detailed parameters:
Rank 1+1: TDLC300-100 ULA Med
Rank 2+2: TDLA30-10 ULA Low
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