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Introduction
In RAN4 #108bis meeting, for MU-MIMO advanced receiver WI reference receiver assumption, required information, signaling for network assistant information (NWA), UE capability aspects and phase II test parameters for MU-MIMO scenario have some agreements in WF [1]. In this contribution, we share our views on open issues of MU-MIMO Phase II test parameters as below.
	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
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
Issue 2-3: 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
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
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
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
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
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
Issue 2-9: Test setting for UEs supporting modulation order blind detection
· 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 #2-1, 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.
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
Issue 2-11: Detailed test parameters
· Candidate options on rank 1+1 tests with 2T2R:
· Option 1
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA medium 
· Channel: TDLC300-100
· Other options are not precluded.
· Candidate options on rank 1+1 tests with 2T4R:
· Option 1
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA Low
· Channel: TDLA30-10
· Option 2
· MIMO configuration: ULA medium
· Channel: TDLC300-100
· Candidate options on rank 2+2 tests with 4T4R:
· Option 1
· Target MCS: 17 (Table 1)
· MIMO configuration: 4T4R ULA Low
· Channel: TDLA30-10
· Other options are not precluded.
Issue 2-12: Other parameters
· Candidate options:
· Option 1: Reuse the phase I simulation assumptions as a start point
· Other options not precluded


Discussion
Test scope
Apparently, MU-MIMO test cases with MMSE-IRC receiver for Rel-17 are focusing on rank 1+rank 1 and rank 2+rank 2 for both FDD and TDD cases, which have wide test coverage. Thus, we think it is a good solution to reuse the same test scope.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 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, and
· 2Tx-2Rx with rank 1 transmission for both target and co-scheduled UE on each PRB.
· 2Tx-4Rx with rank 1 transmission for both target and co-scheduled UE on each PRB.
· 4Tx-4Rx with rank 2 transmission for both target and co-scheduled UE on each PRB.
Co-scheduled UE number
For the number of co-scheduled UEs, we believe the case with 1 co-scheduled UE should be considered (both scenario 1 and scenario 2 as Figure 1). Meanwhile, we think the case with 2 co-scheduled UEs should also be covered (scenario 3 as Figure 1).
[image: ]
Figure 1 MU-MIMO scenarios
Proposal 2: For the cases without modulation order blind detection, define requirements for R-ML receiver with 1 co-scheduled UE; for the cases with modulation order blind detection, define requirements for R-ML receiver with 2 co-scheduled UEs with different modulation orders and different FDRA, such as scenario 3 in Figure 1.
Frequency domain resource allocation
MU-MIMO requirements should cover test cases for scenario 1/2/3 in Figure 1, in which both full and partial CHBW resource allocation for the co-scheduled UE, and full CHBW resource allocation for the target UE.
Proposal 3: Define MU-MIMO requirements for cases with both full and partial CHBW resource allocation for the co-scheduled UE, and full CHBW resource allocation for the target UE.
Test setting for the RAN4 agreed network default assumptions
For phase II tests, all the RAN4 agreed network default assumptions should be valid.
Proposal 4: For phase II tests, all the RAN4 agreed network default assumptions should be valid.
MCS Table
In last meeting, about the RRC assistant information configuration on the MCS table we has below agreement [2]
	[bookmark: _Hlk148002354]Dedicated RRC signalling is provided to the UE (target UE) to indicate the information in each of the following bullets separately, when the information is available:
……
· The MCS table with the highest modulation order among all MCS tables configured to the co-scheduled UE(s), which has the same DM-RS sequence as the target UE. The MCS table is one of the following:
· 1024QAM MCS table(s) (Table 5.1.3.1-4 from TS38.214)
· 256QAM MCS table(s) (Table 5.1.3.1-2 from TS38.214)
· 64QAM MCS tables (Table 5.1.3.1-1 or 5.1.3.1-3 from TS38.214)
……


Therefore, the information of MCS table co-scheduled UEs used will be informed to the target UE.
About the MCS table for MU-MIMO requirements, although the MU-MIMO test cases for Rel-17 MMSE-IRC using maximum 64QAM MCS table, it seems maximum 256QAM MCS table is more typical for NR product.
Proposal 5: From current real network point of view, define MU-MIMO requirements by using maximum 256QAM MCS table is more reasonable than 64QAM MCS table.
Precoder selection for co-scheduled UE
Considering the MU-MIMO pairing scheduling strategy in the network is highly related with the long term beam weights but not with the short term weight, it seems too idealization to use orthogonal PMI selection for co-scheduled UE with the target UE. Thus, it is better use the randomized precoder which is not equal to any column of the precoder matrix of target UE. However, due to Rel-17 MU-MIMO requirements are based on both random and orthogonal PMI selection, we think it’s an acceptable way to proceed.
Proposal 6: Consider to use random PMI selection for rank 1+1, and consider to use orthogonal PMI for rank 2+2 for the co-scheduled UE precoder.
Test setting for UEs with R-ML not supporting modulation order blind detection
It’s no doubt that for Test with DCI index 1-5 configured, 1 co-scheduled UE case need to be covered. And about the option “in addition to the Tests with 1 co-UE, consider cases with 2 co-UEs having same modulation order”, we don’t think cases with 2 co-UEs having same modulation order are necessary. Meanwhile, considering the scenario [3] with empty PRB without co-scheduled UE is also included in DCI index 1-5 as below, it seems define related test cases for this scenario is reasonable.
	 Question 7: For “Bit field mapped to index” =1/2/3/4/5, does “empty PRB without co-scheduled UE” is allowed “in all the PRBs” of the target UE.
Answer: Yes, “For bit field mapped to index”=1/2/3/4/5”, empty PRB without co-scheduled UE is allowed in all the PRB” of the target UE


For scenarios with DCI index 6 configured, no need to introduce test cases for UEs without modulation order blind detection capability.
Proposal 7: For UEs with R-ML not supporting modulation order blind detection: for DCI index 1-5 configured, consider to define test cases with 1 co-scheduled UE and full FDRA, and consider to define test cases with 1 co-scheduled UE and partial FDRA, but do not consider to define test cases with 2 co-scheduled UEs having same modulation order. For DCI index 6 configured, do not introduce test cases for UEs without modulation order blind detection capability.
Test setting for UEs with R-ML supporting modulation order blind detection
Similar as last issue, it’s no doubt that for Test with DCI index 1-5 configured, 1 co-scheduled UE case need to be covered. And for scenarios with DCI index 6 configured, introduce test case with 2 co-scheduled UEs which have different modulation order and different FDRA. For scenarios with DCI index 7 configured, we are open to introduce related tests for R-ML with modulation order blind detection, such as with 2 co-scheduled UEs with different modulation order and full FDRA separately.
Proposal 8: For UEs with R-ML supporting modulation order blind detection: for DCI index 1-5 configured, consider to define test cases with 1 co-scheduled UE and full FDRA; for DCI index 6 configured, consider to define test cases with 2 co-scheduled UEs having different modulation order and different FDRA; for DCI index 7 configured, we are open to introduce related tests for R-ML with modulation order blind detection, such as with 2 co-scheduled UEs with different modulation order and full FDRA separately.
Modulation order for the co-scheduled UE
Considering MU-MIMO scheduler usually prefer to select high SNR UEs as co-scheduled UEs, as the pairing of low SNR UEs usually reduce the cell throughput, thus it is more suitable to define 16QAM, 64QAM as modulation order for co-scheduled UEs than QPSK.
Proposal 9: For test cases with/without modulation order blind detection, define 16QAM or 64QAM as modulation order of co-scheduled UEs. 
Detailed test parameters
Proposal 10: for the detailed test parameters, we propose below settings
· For rank 1+1 tests with 2T2R:
· Target MCS: 13 (Table 2)
· MIMO configuration: ULA medium 
· Channel: TDLC300-100
· For rank 1+1 tests with 2T4R:
· Target MCS: 13  (Table 2)
· MIMO configuration: ULA Low
· Channel: TDLC300-100
· For rank 2+2 tests with 4T4R:
· Target MCS: 13  (Table 2)
· MIMO configuration: 4T4R ULA Low
· Channel: TDLA30-10
Other parameters
Proposal 11: For other parameters, support option 1, reuse the phase I simulation assumptions as a start point.
Conclusion
In this contribution, we provide analysis and views on remaining open issues for MU-MIMO Phase II test parameters, the proposals could be summarized as
Proposal 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, and
· 2Tx-2Rx with rank 1 transmission for both target and co-scheduled UE on each PRB.
· 2Tx-4Rx with rank 1 transmission for both target and co-scheduled UE on each PRB.
· 4Tx-4Rx with rank 2 transmission for both target and co-scheduled UE on each PRB.
Proposal 2: For the cases without modulation order blind detection, define requirements for R-ML receiver with 1 co-scheduled UE; for the cases with modulation order blind detection, define requirements for R-ML receiver with 2 co-scheduled UEs with different modulation orders and different FDRA, such as scenario 3 in Figure 1.
Proposal 3: Define MU-MIMO requirements for cases with both full and partial CHBW resource allocation for the co-scheduled UE, and full CHBW resource allocation for the target UE.
Proposal 4: For phase II tests, all the RAN4 agreed network default assumptions should be valid.
Proposal 5: From current real network point of view, define MU-MIMO requirements by using maximum 256QAM MCS table is more reasonable than 64QAM MCS table.
Proposal 6: Consider to use random PMI selection for rank 1+1, and consider to use orthogonal PMI for rank 2+2 for the co-scheduled UE precoder.
Proposal 7: For DCI index 1-5 configured, consider to define test cases with 1 co-scheduled UE and full FDRA, and consider to define test cases with 1 co-scheduled UE and partial FDRA, but do not consider to define test cases with 2 co-scheduled UEs having same modulation order. For DCI index 6 configured, do not introduce test cases for UEs without modulation order blind detection capability.
Proposal 8: For UEs with R-ML supporting modulation order blind detection: for DCI index 1-5 configured, consider to define test cases with 1 co-scheduled UE and full FDRA; for DCI index 6 configured, consider to define test cases with 2 co-scheduled UEs having different modulation order and different FDRA; for DCI index 7 configured, we are open to introduce related tests for R-ML with modulation order blind detection, such as with 2 co-scheduled UEs with different modulation order and full FDRA separately.
Proposal 9: For test cases with/without modulation order blind detection, define 16QAM or 64QAM as modulation order of co-scheduled UEs. 
Proposal 10: for the detailed test parameters, we propose below settings
· For rank 1+1 tests with 2T2R:
· Target MCS: 13 (Table 2)
· MIMO configuration: ULA medium 
· Channel: TDLC300-100
· For rank 1+1 tests with 2T4R:
· Target MCS: 13  (Table 2)
· MIMO configuration: ULA Low
· Channel: TDLC300-100
· For rank 2+2 tests with 4T4R:
· Target MCS: 13  (Table 2)
· MIMO configuration: 4T4R ULA Low
· Channel: TDLA30-10
Proposal 11: For other parameters, support option 1, reuse the phase I simulation assumptions as a start point.
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