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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 in the WF [1] for PDSCH demodulation requirements for intra-cell inter-user interference are shown as follow. 
	Inter-user interference modeling for phase I evaluation
· Number of paired UEs
· 2 and 4 Tx
· 1 target UE + 1 interference UE 
· 8 and 16 Tx (if introduced)
· Option 1: 3 paired UEs
· Option 2: 1 target UE + 1 interference UE
· Option 3: Use 1 target UE + 1 interference UE as starting point for initial simulation, and interested companies can bring analysis on scenarios of interference UE more than 1
· Note: further discuss based on the outcome of issue Tx antenna configuration
· Rank for target and interference PDSCH
· Consider [1+1], [2+1] and [2+2] for phase I evaluation and make further down selection based on the simulation results
· Antenna configuration
· Keep previous meeting agreements
· Using 2Tx and 4Tx with random PMI for target UE as starting point for initial simulation
· Other options not excluded 
· Interested companies can bring analysis with 8Tx and 16Tx cases with following PMI for target UE
· Codebook Type 
· For 2Tx and 4Tx with random precoding 
· Consider Type I SP codebook 
· For more than 4Tx or feedback based precoding (If introduced)
· Option 1: Type II codebook for 16Tx
· Option 2: Type I SP
· Other option not precluded
· Precoder selection for target UE
· Random for 2 and 4Tx cases
· Further discuss for 8 and 16Tx in case such scenarios will be agreed
· Precoder selection for interference UE
· 2 and 4 Tx
· Prioritize option 1 and 2 for phase I evaluation
· Options:
· 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
· 8 and 16 Tx(If introduced)
· Option 1: Select the precoder to ensure orthogonality
· Precoding granularity
· 2 PRBs for 2 and 4Tx cases
· Further discuss for 8 and 16 Tx in case such scenarios will be agreed
· PRB bundling size
· 2 PRBs for 2 and 4Tx cases
· Further discuss for 8 and 16 Tx in case such scenarios will be agreed
· DMRS ports for 1 target and 1 interfering UE scenario 
· Consider Option 1A, 1B and 2A for phase I evaluation
· Options:
· Option 1A: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs
· DMRS ports for 1 target and more than 1 interfering UE scenario (if introduced) 
· Keep previous meeting agreement
· DMRS pattern and sequence for all co-scheduled UEs
· Prioritize on scenarios with following configurations for phase I evaluation
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Interested companies can evaluate the performance between configuring same or different scrambling ID
· Number of front-loaded DMRS
· 1 front-loaded DMRS

Reference receiver for phase I evaluation
· Candidate Receiver
· Prioritize MMSE-IRC processing with serving signal demodulation for Phase I evaluation
· Interested companies can check the benefits of MMSE-IRC processing with joint demodulation
· Interference estimation for cases with 2 DMRS CDM group
· Keep it up to UE implementation
· Interested companies can bring analysis on different options
· Interference estimation granularity
· Keep it up to UE implementation
· Interested companies can bring analysis on different options
· 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.
· Apple request clarification, Intel need time to check

PDSCH parameters for phase I evaluation
· 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
· MIMO correlation for each UE
· Consider ULA Low and XP Low for further phase I evaluation
· Propagation condition
· Keep previous meeting agreement: Cover both TDLA30-10 and TDLC300-100 in phase I, and decide whether down-selection or adjustment is needed based on the simulation results
· MCS for target UE
· Keep previous meeting agreement: 
· Cover QPSK MCS 4, 16QAM MCS 13, and 64QAM MCS 19 for initial simulation
· Rank 1: QPSK, 16QAM
· Rank 2: 16QAM, 64QAM
· Other options are not precluded


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
Paired UE number and antenna configuration
As discussed in last meeting, we prefer to use the simple scenarios to evaluate the MMSE-IRC receiver performance with the inter-user interference. Since more co-scheduled UEs result in more interference, whether RAN4 will introduce more Tx number (and more interfering UEs) scenarios depends on whether we show the performance gain with Rel-15 MMSE-IRC receiver compared with non-co-scheduled UE(s) scenario.  
[bookmark: _Ref70965086]Proposal 1: RAN4 to focus on 2Tx and 4Tx with 1 target UE + 1 interference UE scenarios.
PMI selection
There are several options for how to define the PMI selection in test configuration. 
	· 2 and 4 Tx
· Prioritize option 1 and 2 for phase I evaluation
· Options:
· 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


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. 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. Meanwhile, from TE vendors’ feedback, option 2 is more feasible than option 1. 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 configuration for target and interfering UE
In last meeting, it was agreed the following DMRS ports combinations for phase I evaluation. 
· Option 1A: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs
From our understanding, all the rank 1 and rank 2 combinations are possibly deployed in 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 1, port 2, port 2 and 3.
[bookmark: _Ref71490132][bookmark: _Ref77862092]Proposal 3: To reduce the number of requirements, RAN4 may consider to merge the interfering configurations for target UE rank equaling 1. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
[bookmark: _Ref71490137][bookmark: _Ref77862096]Proposal 4: To reduce the number of evaluation scenarios, RAN4 may consider to merge the interfering configurations for target UE rank equaling 2. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
DMRS pattern and sequence
Another remaining issue is whether to always use the same DMRS pattern and sequence for all co-scheduled UEs. From our understanding, 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, they shall use the same DMRS pattern and sequence. Naturally, the paired UEs shall use different DMRS pattern and sequence when they are in the different CDM groups.
[bookmark: _Ref77862099][bookmark: _Ref70965100]Proposal 5: Based on the simulation results, RAN4 to define the MU-MIMO requirement for
· Same scrambling sequence when paired UEs are in the same CDM group
· Different scrambling sequence when paired UEs are in the different CDM groups  
3	PDSCH parameters
Channel bandwidth
[bookmark: _Ref70863717]The remaining issue is similar as MMSE-IRC receiver for inter-cell interference. Our preference is RAN4 to only define the test cases for FDD 10MHz with SCS=15kHz and TDD 40MHz with SCS=30kHz same as legacy Rel-15, 16 test case. reuse the same channel bandwidth configuration as legacy Rel-15, 16 test cases.
[bookmark: _Ref77862109]Proposal 6: RAN4 to only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
4	Reference receiver
Candidate Receiver
[bookmark: _Ref70965114]In last meeting, it was agreed to prioritize MMSE-IRC receiver for phase I evaluation. From our understanding, whether UE will implement an enhanced MMSE-IRC receiver is up to UE implementation as far as UE does not require any additional assistance signaling from the network. Since RAN4 will only define the minimum performance requirements, we propose to only define demodulation requirements by baseline (Rel-15) MMSE-IRC receiver. 
[bookmark: _Ref77862114]Proposal 7: RAN4 to only define UE demodulation requirements based on MMSE-IRC processing with serving signal demodulation.
network assistance information
After network schedule the pairing of the UEs, the network may configure the UE’s MCS, PRBs, rank and other parameters. It’s very hard for target UE to know all the parameters (including used DMRS ports and DMRS sequence) well immediately; besides, UE at least need to demodulate these signaling without any prior information. Considering RAN4 will define the minimum requirement based on MMSE-IRC receiver, we doubt the performance gain even with such information to UE. When we evaluate UEs’ performance for MU-MIMO, it is assumed UE can have the similar performance even in Rel-15 network, while there is no network assistant information in current network. Thus, it’s unnecessary to introduce any network assistant information when RAN4 define UE demodulation performance requirements with intra-cell inter-user interference.
[bookmark: _Ref70965129]Proposal 8: Do not have the assumption of network assistant information when RAN4 evaluates UE performance for MU-MIMO.
QCL assumption
If RAN4 assumption is the paired UE will have same QCL, the target UE may further utilize this prior information to improve the demodulation performance. However, generally, when network paired two UEs with MU-MIMO, the paired UEs may experience the different wireless channel environment. That means target UE cannot assume the paired UE in different CDM group have the same QCL relation. Thus, considering the real deployment, target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.
[bookmark: _Ref77862124]Proposal 9: Target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.
5	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.
Proposal 1: RAN4 to focus on 2Tx and 4Tx with 1 target UE + 1 interference UE scenarios.
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: To reduce the number of requirements, RAN4 may consider to merge the interfering configurations for target UE rank equaling 1. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
Proposal 4: To reduce the number of evaluation scenarios, RAN4 may consider to merge the interfering configurations for target UE rank equaling 2. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
Proposal 5: Based on the simulation results, RAN4 to define the MU-MIMO requirement for
· Same scrambling sequence when paired UEs are in the same CDM group
· Different scrambling sequence when paired UEs are in the different CDM group  
Proposal 6: RAN4 to only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
Proposal 7: RAN4 to only define UE demodulation requirements based on MMSE-IRC processing with serving signal demodulation.
Proposal 8: Do not have the assumption of network assistant information when RAN4 evaluates UE performance for MU-MIMO.
Proposal 9: Target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.
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