3GPP TSG-RAN WG4 Meeting #99-e		R4-2109199
E-meeting, 19 May – 27 May, 2021

[bookmark: Source]Agenda item:	9.11.2.2
Source:	Intel Corporation
Title:	Discussion on MMSE-IRC requirements for scenario with intra-cell inter-user interference
[bookmark: DocumentFor]Document for:	Discussion
Introduction
In the previous RAN4 meeting, WF on MMSE-IRC requirements for intra-cell inter-user interference scenario [1] was approved. In this paper we provide our view on UE requirements for MMSE-IRC receiver for scenario with intra-cell inter-user interference.
Discussion
MU-MIMO interference modelling
One of the open questions for requirements with intra-cell inter-user interference is practical MU-MIMO interference modeling. The following topics were discussed in the previous meeting:
· Paired UE number
· Rank for target and interference PDSCH
· Antenna configuration
· Codebook Type
· PMI selection and precoding matrix generation
· PRB bundling size and precoding granularity
· DMRS ports mapping 
· DMRS configuration for all co-scheduled UEs (type, additional DMRS position, scrambling ID, cell ID)
In this section we provide our view on all above topics.
Paired UE number
The following agreements were reached in the previous meeting:
	· Under 2Tx and 4Tx with random PMI for target UE, use 1 target UE + 1 interference UE as starting point for initial simulation
· For scenario of Tx more than 4, other options not precluded
· Interested companies can bring analysis on scenarios of interference UE more than 1


Based on our analysis from Section 2.3, it is sufficient to consider scenario with one target UE and one interference UE from testing point of view. For such scenario we can observe significant performance benefits of MMSE-IRC receiver over MMSE-MRC. Same time, considering of scenario with one interference UE will simplify test procedure and test configuration (especially procedure for PMI selection and precoding matrix generation). Also, scenario with more than one interference UE can be considered only for 4 Rx UEs. Therefore, we suggest to focus on scenario with one interference UE which will be applicable for all UEs (2 Rx and 4 Rx) and has simpler test configuration.
Rank for target and interference PDSCH
The following agreements were reached in the previous meeting:
	· [bookmark: _Hlk71182177]Option 1: Rank 1 only for target UE and interference UE
· Option 2: Cover both rank 1 and rank 2 per UE
· Option 2A: [1+1], [2+2] for target UE and interference UE
· Option 2B: [1+1], [2+1] for target UE and interference UE
· Option 2C: [1+1], [1+2] for target UE and interference UE
· Note: Rank 2 only for 4RX case


Based on our understanding, at least requirements for scenario with Rank 1 for target UE and interference UE should be defined, because it is the only scenario which can be tested for 2 Rx UE. As for scenario with Rank 2, we think that it will be sufficient to consider scenario with Rank 2 for both UEs (target and interference), because testing for the highest possible rank can guaranty reliable performance for other scenarios.
Antenna configuration
The following agreements were reached in the previous meeting:
	· For Rx antenna number
· Cover both 2Rx and 4Rx
· For Tx antenna number
· 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


Based on our understanding, this topic depends on conclusion on precoding assumptions. In case random PMI will be used for requirements definition, we can consider only 2 Tx or 4 Tx cases, because random PMI does not lead to poor PDSCH performance for these scenarios. 8 Tx and 16 Tx cases can be considered only with follow PMI. Therefore, we suggest first discuss the precoding assumptions and then come back to this topic.
Codebook Type
The following agreements were reached in the previous meeting:
	· Option 1: Type I Single Panel only
· Option 2: Cover Type I Single Panel and Type II codebook
· Option 2A:  For 2Tx and 4Tx, use Type I SP codebook. Type II precoder can also be applied for 4Tx


Type II codebook is optional UE feature and MU-MIMO operation with such codebook can be tested only for certain UEs. Therefore, we think that requirements should be defined at least for Type I codebook to ensure that we can verify correct MU-MIMO processing for all UEs. Same time, from demodulation point of view receive processing for both scenarios (Type I or Type II) will be the same and introduction of additional test with Type II codebook will lead to just changing in transmit signals parameters. Requirements with Type II codebooks are already defined in Rel-16. Therefore, there is no any additional test coverage in case MU-MIMO requirements with Type II codebook will be defined in addition to MU-MIMO requirements with Type I codebook.
PMI selection and precoding matrix generation
The following agreements were reached in the previous meeting:
	· Option 1: Random based target UE PMI selection 
· Option 1A: Random selection based precoder generation with QRD orthogonalization processing as below
· Option 1B: Random PMI selection for the target UE, and select the precoder for the interference UE to ensure orthogonality
· Option 1C: 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
· Option 1D: Randomly select precoder from codebooks corresponding to number of MIMO layers equal to total number of MU MIMO layers (i.e. serving Rank + interference Rank) and take several columns from this precoder for serving UE signal and remaining columns for interference UE signal. 
· [bookmark: _Hlk71625796]Option 2: Feedback-based target UE PMI selection
· Option 2A: If the feasibility can be confirmed by the TE vendor, use ZF precoding based on the reported PMI from the target UE, and the randomly generated PMI from the interference UE(s)
· Option 2B: Feedback-based PMI selection for the target UE, select the precoder for the interference UE to ensure the orthogonality 
· Option 2C: Feedback-based PMI selection for target UE, and random PMI selection for interference UE, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test 
· Option 3: Fixed precoding matrix for one or both co-scheduled UEs

· TE vendors’ feedback on the feasibility of the above options: 
· Keysight: 1A and 2A are of less feasibility. The preferences are in this order 3, 1C, 1B, 2B.
· R&S: 1A and 2A is very complex and not really feasible. Preference in order 3 > 1C >> 1B.
· Anritsu: Need more time to study.


In top level we have three options for target UE PMI selection assumptions: random, feedback-based and fixed. At current stage, all NR PDSCH demodulation requirements are defined with random PMI selection. Such assumption was selected to simplify test setup. Same time, feedback-based PMI selection can lead to better performance and is more practical scenario. As for fixed precoder selection, it is not clear which criteria we can use to select certain precoding matrix for testing and there are not clear benefits of such procedure in comparison to random precoder selection. Therefore, we suggest to consider random and feedback-based target UE PMI selection for further discuss.
Based on our understanding, at current stage we focus on discussion of simulation assumptions for phase I evaluation (i.e. not for requirements definition). The purpose of phase I evaluations is to check the benefits of MMSE-IRC receiver for MU-MIMO processing for practical conditions. Therefore, we suggest to consider feedback-based options for phase I evaluation and further discuss the assumptions for requirements definition which will be rather close to practical conditions and will be feasible for real testing.
Based on initial analysis in Section 2.3, we can observe that using of feedback-based target UE PMI selection with orthogonalization of target and interference UEs (Option 2B) allows to achieve better MMSE-IRC performance for all consider scenarios in comparison to Option 1B, 1C, 1D and 2C.
PRB bundling size and precoding granularity
The following agreements were reached in the previous meeting:
	· For 2Tx and 4Tx
· Option 1: Per 2 PRBs for frequency domain and per slot for time domain
· Option 2: Per 4 PRBs for frequency domain and per slot for time domain
· For more than 4Tx(if introduced):
· Option 1:
· Wideband for 8Tx for target and paired UEs.
· For 16Tx, use subband precoding if it is feasible for TE to calculate ZF precoding matrix per subband
· Other option not precluded


Most of existing FR1 demodulation and CSI requirements are defined with 2 PRB bundling size. We think that minimum performance requirements should be defined should be defined for scenarios with the smallest configured bundling size to consider the worst case from channel estimation accuracy point of view. Therefore, as typical configuration, we suggest to consider 2 PRB bundling size for all scenarios.
DMRS ports mapping
The following agreements were reached in the previous meeting:
	· Option 1: only consider rank 1 transmission
· 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 2: consider both rank 1 and rank 2 transmission
· With [2,2] transmission for target UE and interference UE 
· DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE 
· With rank [1,2] or rank [2,1] transmission for the target UE and interference UE
· 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
· Option 2B: 
· For rank [1,2], DMRS port 0 for target UE, DMRS port 1 and 2 for the interference UE 
· For rank [2,1], DMRS port 0 and 1 for target UE, DMRS port 2 for the interference UE


Based on our analysis from our paper from previous meeting [2], we can observe that for scenario with Rank 1 for both UEs and the following DMRS port mapping: DMRS port 0 for target UE, DMRS port 2 for the interference UE, we can verify that UE makes correct DMRS-based covariance matrix estimation (i.e. use resource elements belonging to two CDM groups). Therefore, we suggest to consider option 1B for further discussion. Also, we would like to confirm the following assumptions for scenario with Rank 2 for both UEs: DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE.
DMRS configuration for all co-scheduled UEs
The following agreements were reached in the previous meeting:
	· Whether to use same DMRS pattern and the same sequence for all co-scheduled UEs
· Option 1: Use the same following DMRS configuration for all co-scheduled UEs 
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Option 2: Different scrambling id for different CDM groups
· Option 3: No restriction for simulation


Based on our understanding, DMRS parameters like type, additional DMRS position, scrambling ID and Cell ID should be aligned for all co-scheduled to ensure reliable channel estimation. We think that it is a typical network behavior to ensure stable DL performance. Same time, in case DMRS signals for different UEs will be allocated in different CDM groups, alignment of scrambling ID and cell ID is not required to achieve good channel estimation quality. Taking into account that DMRS port mapping is not agreed yet, we suggest to assume same DMRS parameters for all co-scheduled UEs.
Proposal 1:	Consider the following assumptions for MU-MIMO modelling:
· One target UE and one interference UE
· Rank 1 for both UEs for 2 and 4 Rx UE testing and Rank 2 for both UEs for 4 Rx UE testing
· Type I Single Panel only
· Precoder selection: feedback-based options for phase I evaluation and further discuss the assumptions for requirements definition
· 2 PRB bundling size regardless of the number of Tx antennas
· DMRS ports mapping for scenario with Rank 1 for both UEs: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· DMRS ports mapping for scenario with Rank 2 for both UEs: DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE.
· DMRS configuration for all co-scheduled UEs: same DMRS type, same DMRS additional position, same scrambling ID and same cell ID.
General PDSCH parameters
Multiple agreements on PDSCH parameters were reached in the previous meeting and the following topics are still open:
· Channel bandwidth
· MIMO correlation for each UE
· MCS for target UE
Channel bandwidth
The following agreements were reached in the previous meeting:
	· 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


MMSE-IRC demodulation processing does not depend on CBW/SCS configuration. Therefore, relative performance benefits of MMSE-IRC receiver over MMSE-MRC receiver is expected the same for different CBW/SCS configuration. Based on this, we suggest to focus on one CBW per SCS, i.e. 10 MHz for 15 kHz SCS and 40 MHz for 30 kHz SCS
MIMO correlation for each UE
The following agreements were reached in the previous meeting:
	· Cover XP High, XP Medium, XP low and ULA low for phase I evaluation, and make further down-selection based on results


ULA Low correlation is more typical configuration for scenarios with 2 and 4 Tx antennas and XP High correlation is more typical for scenarios with 8, 16 and 32 Tx antennas. Therefore, we suggest to consider only this assumptions for further evaluations.
MCS for target UE
The following agreements were reached in the previous meeting:
	· 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 preclude


Based on our initial analysis from Section 2.3, we can observe that there are no performance benefits of MMSE-IRC receiver in comparison to MMSE-MRC for scenario with Rank 1 and QPSK modulation. Same time, we can keep previous meeting agreement for phase I evaluation and if similar observation for Rank 1 and QPSK modulation will be confirmed by multiple companies then such conclusion can be captured in TR and will be beneficial for discussion on requirements definition.
Proposal 2:	Consider the following assumptions for General PDSCH parameters:
· SCS/CBW: 15 kHz/10 MHz and 30 kHz/40 MHz
· MIMO correlation for each UE: ULA Low for 2 and 4 Tx cases and XP High for 8 and higher Tx cases
· MCS for phase I evaluation:
· Rank 1: MCS 4 and MCS 13
· Rank 2: MCS 13 and MCS 19
Initial simulation results
In Figure 1 we provide initial link level results for scenario with 4x2 antenna configuration and Rank 1 transmission for both UEs (target and interference).
In Figure 2 we provide initial link level results for scenario with 4x4 antenna configuration and Rank 2 transmission for both UEs (target and interference).
TDLA30-10 channel model and ULA Low antenna correlation are used for all results.
	Comparison of Random PMI based options

	Serving cell PDSCH QPSK
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	Serving cell PDSCH 16QAM
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	Comparison of Feedback PMI based options

	Serving cell PDSCH QPSK
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	Serving cell PDSCH 16QAM
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	[bookmark: _Ref68272448]Figure 1. Simulation results for Rank 1 with 4x2 antenna configuration


[bookmark: _Hlk71667274]Observation #1:	There is no performance difference of MMSE-IRC and MMSE-MRC receiver for scenario with QPSK modulation.
Observation #2:	Precoder selection based on Options 1B, 1C or 1D leads to rather same MMSE-IRC performance for scenarios with Rank 1 transmission.
Observation #3:	Feedback-based target UE precoder selection (Option 2B) leads to significant performance improvement for MMSE-IRC receivers in comparison to random-based case (Option 1B) for scenarios with Rank 1 transmission.
Observation #4:	Using of feedback-based target UE precoder selection with orthogonal precoders for both UEs (Option 2B) leads to same or better MMSE-IRC performance in comparison to feedback-based target UE precoder selection with random precoder for interference UE (Option 2C) for scenarios with Rank 1 transmission.
	Comparison of Random PMI based options

	Serving cell PDSCH 16QAM
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	Serving cell PDSCH 64QAM
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	Comparison of Feedback PMI based options

	Serving cell PDSCH 16QAM
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	Serving cell PDSCH 64QAM
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	[bookmark: _Ref71560913]Figure 2. Simulation results for Rank 1 with 4x2 antenna configuration


[bookmark: _Hlk71667285]Observation #5:	Precoder selection based on Options 1B or 1D leads to performance improvement of MMSE-IRC receivers in comparison to Option 1C for scenarios with Rank 2 transmission.
Observation #6:	Feedback-based target UE precoder selection (Option 2B) leads to small performance improvement for MMSE-IRC receivers in comparison to random-based case (Option 1B) for scenarios with Rank 2 transmission.
Observation #7:	Using of feedback-based target UE precoder selection with orthogonal precoders for both UEs (Option 2B) leads to significant MMSE-IRC performance improvement in comparison to feedback-based target UE precoder selection with random precoder for interference UE (Option 2C) for scenarios with Rank 2 transmission.
Conclusion
In this paper we provided view on UE requirements for MMSE-IRC receiver for scenario with intra-cell inter-UE interference and made the following proposals and observations:
Proposal 1:	Consider the following assumptions for MU-MIMO modelling:
· One target UE and one interference UE
· Rank 1 for both UEs for 2 and 4 Rx UE testing and Rank 2 for both UEs for 4 Rx UE testing
· Type I Single Panel only
· Precoder selection: feedback-based options for phase I evaluation and further discuss the assumptions for requirements definition
· 2 PRB bundling size regardless of the number of Tx antennas
· DMRS ports mapping for scenario with Rank 1 for both UEs: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· DMRS ports mapping for scenario with Rank 2 for both UEs: DMRS port 0/1 for target UE, DMRS port 2/3 for the interference UE.
· DMRS configuration for all co-scheduled UEs: same DMRS type, same DMRS additional position, same scrambling ID and same cell ID.
Proposal 2:	Consider the following assumptions for General PDSCH parameters:
· SCS/CBW: 15 kHz/10 MHz and 30 kHz/40 MHz
· MIMO correlation for each UE: ULA Low for 2 and 4 Tx cases and XP High for 8 and higher Tx cases
· MCS for phase I evaluation:
· Rank 1: MCS 4 and MCS 13
· Rank 2: MCS 13 and MCS 19
Observation #1:	There is no performance difference of MMSE-IRC and MMSE-MRC receiver for scenario with QPSK modulation.
Observation #2:	Precoder selection based on Options 1B, 1C or 1D leads to rather same MMSE-IRC performance for scenarios with Rank 1 transmission.
Observation #3:	Feedback-based target UE precoder selection (Option 2B) leads to significant performance improvement for MMSE-IRC receivers in comparison to random-based case (Option 1B) for scenarios with Rank 1 transmission.
Observation #4:	Using of feedback-based target UE precoder selection with orthogonal precoders for both UEs (Option 2B) leads to same or better MMSE-IRC performance in comparison to feedback-based target UE precoder selection with random precoder for interference UE (Option 2C) for scenarios with Rank 1 transmission.
Observation #5:	Precoder selection based on Options 1B or 1D leads to performance improvement of MMSE-IRC receivers in comparison to Option 1C for scenarios with Rank 2 transmission.
Observation #6:	Feedback-based target UE precoder selection (Option 2B) leads to small performance improvement for MMSE-IRC receivers in comparison to random-based case (Option 1B) for scenarios with Rank 2 transmission.
Observation #7:	Using of feedback-based target UE precoder selection with orthogonal precoders for both UEs (Option 2B) leads to significant MMSE-IRC performance improvement in comparison to feedback-based target UE precoder selection with random precoder for interference UE (Option 2C) for scenarios with Rank 2 transmission.
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