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1	Introduction
In last meeting, RAN4 had discussed UE demodulation requirements of MMSE-IRC receiver for suppressing intra-cell inter-user interference. The agreed issues for PDSCH demodulation requirements for intra-cell inter-user interference are in the WF [1]. 
In this contribution, we will continue to discuss the remaining issues on MMSE-IRC receiver for suppressing intra-cell inter-user interference.
2	Modeling of Intra-cell inter-user interference
DMRS configuration for target and interfering UE
In last meeting, it was agreed the following possible rank combinations for rank 2 target UE. 
	For rank of target UE is 2
· Option 1: Rank 2(Target UE)+ Rank 1(Co-schedule UE)
· Option 2: Rank 2(Target UE)+ Rank 2(Co-schedule UE)
· Option 3: Rank 2(Target UE)+Variable rank(Co-scheduled UE)



From our understanding, all the rank 1 and rank 2 combinations are possibly deployed and important to real network. Thus, we suggest defining requirements for all the possible rank combinations. To reduce the number of test cases, RAN4 may consider to merge the interfering configurations. For example, define the requirement for target UE rank 1 with combination of different paired UE’s configuration, such as paired UE with port 2,or port 2 and 3. In last meeting, some companies have concerns on the TE complexity by the combination of test, but the similar combination had also applied in LTE. Thus, we suggest two possible test methods:
· Test both (2, 1) and (2, 2) independently
· Test (2, 1) and (2, 2) with a combination
· Example: Probability of occurrence of transmission rank in interfering cells 
· 80% for Rank 1 and 20% for Rank 2
[bookmark: _Ref71490137][bookmark: _Ref77862096]Proposal 1: RAN4 to test rank (2, 1) and (2, 2) either independently or using a combination.

PMI selection
There are several options for how to define the PMI selection in test configuration. 
	PMI matrix selection for Co-scheduled UE for 2TX and 4TX
· Option 1: Select the PMI matrix from the codebook of Co-scheduled UE to ensure it and PMI matrix of target UE are orthogonal.
· Option 2: Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure it is not equal to PMI matrix of target UE.
·  Option 2A : Use following method to randomly select PMI matrix for interference UE that is not identical to that of Target UE for rank 2+1
1) Randomly select the PMI matrix in codebook with rank2 and rank1 respectively. 
2) Normalize the PMI matrix for each layer for both target UE and co-scheduled UE to make the norm of each PMI matrix of each layer equal to 1/3.  
3) If the PMI matrix of rank 1 equals to the PMI matrix of any one layer of rank 2, reselect PMI matrix for Rank 1 with PMI index plus 1 and go back to step 2)
· Option 3: Cover both Option 1 and Option 2 for phase 1 evaluation.


In real deployment, the network is unlikely only based on the target UE’s feedback to decide the PMI (e.g., UL reference signal for TDD). We prefer to further consider the PMI selection based on random PMI. The difference between option 1 and 2 is whether network will always configure the orthogonal PMI to target UE and paired UE. Considering the real network deployment, network cannot always guarantee to choose the optimal paired UEs for MU-MIMO. Meanwhile, from TE vendors’ feedback, option 2 is more feasible than option 1. 
To verify the UE’s performance, we prefer not to define the test cases based on the assumption to always select the orthogonal PMI between paired UEs. As per our simulation results, there is no typical performance gain between MMSE-IRC and MMSE-MRC once orthogonal PIM selection is applied.
[image: ]
Figure 1:IRC and MRC performance comparison with orthogonal PMI selection
[bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK141]On the contrary, we can observe that the target SNR is in a reasonable range and the gain between MMSE-IRC and MMSE-MRC is obvious for random precoding matrix as follow.
[image: ]
Figure 2:IRC and MRC performance comparison with random PMI selection
In last meeting, RAN4 has agreed an important criterion on how to down selection of test as follow.
	Criteria for down selection of test parameters
· The agreed baseline performance evaluation metric, i.e., evaluate the gain of MMSE-IRC over MMSE in terms of 70% max throughput performance of the target UE, under the same simulation setup, will be used for down-selection of critical test parameter for both phase I and phase II.


Thus, we propose to define the MU-MIMO performance based on random PMI selection for both target and interference UE, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test. 
[bookmark: _Ref70965105]Proposal 2: RAN4 to define the MMSE-IRC performance based on random PMI selection for both target and interference UE in intra-cell inter-users, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test.
DMRS ports and CDM groups for rank 1+1
	DMRS ports for case with rank 1+1
· Option 1: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 2: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 3: Variable DMRS port mapping during the test.
· FFS the percent of each mapping and other details
· Number of CDM groups without data configuration for case with rank 1+1 if same CDM group is agreed for target UE and co-scheduled UE
Number of CDM groups without data configuration for case with rank 1+1 if same CDM group is agreed for target UE and co-scheduled UE
· Option 1: 1 for target UE and co-scheduled UE.
· Option 2: 2 for target and co-scheduled UE
· Note: It depends on issue with DMRS ports mapping.


In last meeting, there is an open issue related to rank (1, 1) test case whether to configure the interference UE in the same CDM group or different CDM groups. From our simulation results, there is basically no performance difference between different CDM group and same CDM group for IRC receiver (Please note that we both configure number of CDM groups as 2, i.e., DCI=3/4 for the same CDM group and DCI=3/5 for the different CDM group). As we mentioned before, all the rank 1 combinations are possibly deployed and important to real network. Thus, we suggest RAN4 to use variable DMRS port mapping during the test. 
[image: ]
Figure 3:IRC and MRC performance comparison with CDM groups for rank(1,1)
[bookmark: _Ref85294706]Observation 1: No performance difference for configuring the interference UE between the same CDM group and different CDM groups for rank(1,1).
[bookmark: _Ref85294658]Proposal 3: RAN4 to define the MU-MIMO rank 1 test case with variable DMRS port mapping.
· The number of CDM groups shall be 2 for same CDM group
· Example: the modulation symbols of the signal under test are mapped to port 0, and the modulation symbols of the signal for interfering UE are mapped randomly onto antenna port 1, 2, or 3.
DMRS pattern and sequence
Another remaining issue is whether to use the same DMRS pattern and sequence for all co-scheduled UEs. 
	DMRS scrambling ID for target UE and co-scheduled UE
· Option 1: Same scrambling ID when paired UEs are in the same CDM group. Different scrambling ID when paired UEs are in different CDM groups.
· Option 2: Same scrambling ID for all cases
· Option 3: Configure variable scrambling ID during the test. FFS the details


Whether the co-scheduled UEs are in the same CDM group or not is fully up to network’s configuration. When paired UEs are in the same CDM group, whether the co-scheduled UEs use the same scrambling ID or not is also up to network’s configuration. From our simulation results, we observe that there is no performance difference between different scrambling ID and same scrambling ID when paired UEs are in the same CDM group. Thus, we propose to also configure variable scrambling ID during the test.
[image: ]
Figure 4:IRC and MRC performance comparison with scrambling ID for rank (1,1)
[bookmark: _Ref85294709]Observation 2: No performance difference between same and different scrambling ID when paired UEs are in the same CDM group.
[bookmark: _Ref77862099][bookmark: _Ref85135282][bookmark: _Ref70965100]Proposal 4: RAN4 to define the MU-MIMO rank 1 test case with variable scrambling ID configurations. 
3	PDSCH parameters
Fading channel
One of the remaining issues for PDSCH parameter is fading channel. As per our simulation results, performance in TDLC300 channel is severely degraded in the 64QAM, 2 layers on target UE.
	Propagation conditions
· Option 1: Only TDLA30-10
· Option 2: Only TDLC300-100
· Option 3: Further down select based on analysis


[image: ][image: ]
[image: ][image: ]
Figure 5:IRC and MRC performance for rank 2 in TDLC300-100
[bookmark: _Ref85294674]Proposal 5: RAN4 to not define TDLC300-100 for the case 64QAM, 2layers on target UE.

MCS
Another remaining issue for PDSCH parameters is the MCS selection for different rank combinations. 
	MCS
· For case with rank 1+1
· Option 1: MCS 13
· Option 2: Not consider 16QAM/MCS 13
· For case with rank 2+1(if introduced)
· Option 1: 13
· Option 2: 19
· For case with 2+2(if introduced)
· Option 1: 13
· Option 2: 19
· Option 3: Not consider 64QAM



From our simulation below, we prefer the following MCS combinations: 
· for the case rank (1,1) with MCS13
· for the case rank (2, 2) with MCS13
· for the case rank (2, 1) with MCS19 
[image: ][image: ]
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Figure 6:IRC and MRC performance for MCS selection 
[bookmark: _Ref85135290][bookmark: _Ref70863717][bookmark: _Ref77862109]Proposal 6: RAN4 to consider the following MCS to define the requirements.
· Rank 1: MCS 13 
· Rank 2: MCS 13 for Rank 2 interference signal and MCS 19 for Rank 1 interference signal
Signal power and SNR calculation assumptions
	Signal power assumptions
· Option 1: Average target UE signal power is equal to 1 and average interference UE signal power is equal to 1
· Option 2: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
SNR assumptions
· Option 1: SNR = STargetUE/N
· Option 2: SNR = (STargetUE+ SInterfUE)/N



According to TS38.101-4 4.4.2 SNR definition, the SNR is defined from receiver point based on SSS signal. Thus, if we follow the existing SNR definition, Option 2 for SNR assumption is preferred.
	[bookmark: _Toc21338144][bookmark: _Toc29808252][bookmark: _Toc37068171][bookmark: _Toc37257124][bookmark: _Toc45892255][bookmark: _Toc53175881][bookmark: _Toc61119846]4.4.2	SNR definition
For Mode 1 conditions conducted UE demodulation and CSI requirements the SNR is defined as:
	
Where
-	NRX denotes the number of receiver antenna connectors and the superscript receiver antenna connector j.
-	The above SNR definition assumes that the REs are not precoded, and does not account for any gain which can be associated to the precoding operation.
-	Unless otherwise stated, the SNR refers to the SSS wanted signal.
-	The downlink SSS transmit power is defined as the linear average over the power contributions in [W] of all resource elements that carry the SSS within the operating system bandwidth.
-	The power ratio of other wanted signals to the SSS is defined in clause C.3.1.



[bookmark: _Ref85135293]Proposal 7: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal for signal power assumption.
[bookmark: _Ref85135296]Proposal 8: Use SNR = (STargetUE+ SInterfUE)/N for SNR assumption.
4		Summary
In this contribution, we continue to discuss the remaining issues on UE demodulation requirements of MMSE-IRC receiver for suppressing intra-cell inter-user interference.
Observation 1: No performance difference for configuring the interference UE between the same CDM group and different CDM groups for rank(1,1).
Observation 2: No performance difference between same and different scrambling ID when paired UEs are in the same CDM group.
Proposal 1: RAN4 to test rank (2, 1) and (2, 2) either independently or using a combination.
Proposal 2: RAN4 to define the MMSE-IRC performance based on random PMI selection for both target and interference UE in intra-cell inter-users, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test.
Proposal 3: RAN4 to define the MU-MIMO rank 1 test case with variable DMRS port mapping.
· The number of CDM groups shall be 2 for same CDM group
· Example: the modulation symbols of the signal under test are mapped to port 0, and the modulation symbols of the signal for interfering UE are mapped randomly onto antenna port 1, 2, or 3.
Proposal 4: RAN4 to define the MU-MIMO rank 1 test case with variable scrambling ID configurations.
Proposal 5: RAN4 to not define TDLC300-100 for the case 64QAM, 2layers on target UE.
Proposal 6: RAN4 to consider the following MCS to define the requirements.
· Rank 1: MCS 13 
· Rank 2: MCS 13 for Rank 2 interference signal and MCS 19 for Rank 1 interference signal
Proposal 7: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal for signal power assumption.
Proposal 8: Use SNR = (STargetUE+ SInterfUE)/N for SNR assumption.
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