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1 Introduction
In RAN#101, the status report of Rel-18 WI of NR demodulation performance evolution, the work objective for advanced receiver to cancel inter-user interference for MU-MIMO is defined [1].  The work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO. This work is split into two phases where the first phase studies the performance gain, reference receiver assumption, interference modelling, testability, required signalling overhead, as well as impact on other WGs. The initial receiver candidates are E-MMSE-IRC and R-ML. In the second phase it is expected to specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver.

2 Discussion
2.1 Background
[bookmark: _Hlk95316233]New test cases of PDSCH with intra-cell inter-user interference were introduced in Rel-17 test specification [2]. These requirements were defined assuming MMSE-IRC receiver to mitigate co-scheduled UE interference. For Rel-18 the work objective is to evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO for improved performance over Rel-17 baseline. In the previous meeting some agreements were already achieved to initiate the study phase simulations. In the following Chapter 2.2 we will discuss remaining open issue in LS reply to RAN2 that is not concluded in premeeting email discussions. Next, in the Chapter 2.3 we will discuss reference receiver assumptions and UE capability definition aspects. Next, in the Chapter 2.4 we will discuss additional potential required information for advanced receiver. Finally, in the Chapter 2.5 we will discuss test parameters of actual tests.
2.2 LS reply to RAN2
In this chapter we will discuss remaining open issue in LS reply to RAN2 that is not concluded in premeeting email discussions.
On DMRS power boosting configurations
RAN2 would like to check with RAN4 whether the DMRS power boosting information for advanced receiver is still needed, despite the following RAN1 agreement:
· The following specification in TS 38.214 is interpreted as the UE may assume that “CDM groups without data” are not used for data transmission for any co-scheduled user in the same serving cell.
· Moderator proposal as RAN4 answer to RAN2
· Based on the above RAN1 conclusion, RAN4 assumes the previous required RRC indication on ‘Whether the DM-RS power boosting configurations (i.e., Number of DM-RS CDM groups without data, TS38.214 table 4.1-1) of all the co-scheduled UE(s), which has the same DM-RS sequence as the target UE, is the same as the target UE.’ in R4-2316980, is no longer needed for UE supporting Rel-18 advanced receiver for MU-MIMO features.

We agree with the moderator proposal. We do not see benefit in having a signal indicating non-compliance to RAN1 specification, as such signal would bring RAN1 and RAN2 specifications into conflict with each other. Furthermore, a scenario where co-scheduled UEs have different numbers of DMRS CDM groups and thus one UE's data is on top of another UE's DMRS, does not reasonably support the use of advanced receivers. In our view, configuring Rel-18 advanced receiver should implicitly indicate that the co-scheduled UEs must share the same number of CDM groups and the same DMRS power boost. If deemed necessary, this assumption can be further strengthened by listing it as a default assumption without the corresponding RRC bit.
Proposal #1: We support the moderator proposal as RAN4 answer to RAN2.

2.3 Reference receiver assumptions and UE capability definition
In this chapter we will discuss remaining open issues of UE capability aspects.

UE capability for different UE Types
· Different capability based on if modulation order is signaled and not signaled
· For capability when modulation order is not signaled (index 6)
· Option 1: UE capability signaling
· Option 2: UE declaration 

In the previous meeting it was agreed to introduce 3-bit DCI signalling for co-scheduled UE modulation order information. By introducing Rel-18 UE capability to indicate modulation order detection capability of UE, network has more information of what kind of performance can be expected when DCI index 6 is signalled. This may have some implications to link adaptation and network scheduling depending on network implementation. Without modulation order detection capability information network may use suboptimal payloads and scheduling causing reduced network throughput. We see that by introducing UE capability would help to productize advanced receiver in all UE categories and enables optimization of network throughput.
Proposal #2: We support Option 1 to introduce UE capability to indicate modulation order detection capability.

Potential finer UE capability definitions
· UE Capability for Maximum modulation orders of interfering DMRS ports
· Option 1: UE capability signaling to inform network of the maximum modulation orders of interfering DMRS port supported
· Option 2: Not to introduce such capability definition

We see that proposed UE types are enough to cover this issue and no further capabilities are needed. Therefore, we support Option 2.
Proposal #3: We support Option 2, not to introduce capability for maximum modulation orders.

Potential finer UE capability definitions
· UE Capability for supported DMRS configurations
· Option 1: Introduce UE capability signaling for supported DMRS configuration for R-ML
· Option 2: Not to have such UE capability definition

In the previous meeting we agreed the following “The UE is expected to detect up to 4 ports. It’s up to UE implementation which ports are detected”. With this agreement we do not have UE complexity concerns and therefore we do not need to limit supported DMRS configurations.
Proposal #4: We prefer Option 2, not to introduce capability for DMRS configurations.

Capability granularity for the R-ML capability signalling
· Option 1: Per UE. With the assumption that UE may have limited processing resources to support R-ML on all the carriers in CA with large CHBW
· FFS where the assumption will be captured
· UE can support R-ML in single carrier operation, and on one or more carriers in CA operation.
· Option 2: Introduce per CC per band per band combination (Per-FSPC) UE capability

We see that advanced receiver is more complex compared to Rel-17 receiver solution, so that it is needed to give UE options to manage total receiver complexity with higher capability granularity. However, if it is acceptable that UE supports R-ML for one or more carriers in CA operation depending on UE implementation, we are also fine to have per UE granularity.
Proposal #5: We prefer Option 2 to guarantee feasible UE complexity, but we can also support Option 1 if number of CC in CA operation is up to UE implementation.

2.4 Potential required information
One goal in work item description is to find if any assistant information is needed for advanced receiver. There are several open issues related to assistant information identified in the last meeting listed in WF [3]. These issues are discussed in this chapter.
The DMRS port information for the co-scheduled UE
· Candidate options on additional RRC based assistant signalling:
· Option 1: No need to consider additional RRC signaling for DMRS port
· Option 1A: Introduce UE capability signalling for maximum DMRS ports instead of RRC based NWA

We see there is not enough time to introduce DMRS port related RRC signalling even though it would be beneficial to limit UE’s blind detection search space of DMRS ports in a deterministic way in network perspective.
Proposal #6: We see there is not enough time to introduce DMRS port related RRC signalling.

Frequency domain resource allocation type for the co-UE and the target UE
· Candidate options:
· Option 1: Introduce signaling to indicate if RBG size of the target and co-scheduled UE are the same when resource allocation Type 0 is used for target UE.
· Option 2: Introduce dedicated RRC signalling to indicate whether the resource allocation type of co-scheduled UE is same as target UE
· Option 3: Not to have assumption on the frequency domain resource allocation type for the co-scheduled UE

We see that already agreed PRG-level alignment information is sufficient and we do not see further need to Option 1 and Option 2 proposals.
[bookmark: _Hlk146661302]Proposal #7: We support Option 3, not to introduce signalling on the frequency domains resource allocation type.

New MAC-CE command to assist DMRS port blind detection
· Candidate options:
· Option 1: Apply MAC-CE command to indicate target UE to apply joint DMRS power detection across multiple PRBs/PRGs with respect to one DMRS port on the basis that all the PRBs/PRGs are allocated to a single UE with respect to one DMRS port.
· Option 2: Not to introduce additional MAC-CE based network assistant signaling for DMRS port blind detection
· Proponent for option 1 is encouraged to give more details in the next meeting.

We would like proposing company to clarify some details of this proposal. Does multiple PRBs/PRGs mean full allocation matching target UE allocation or how many? Is that respect to each DMRS port, or is information per DMRS port? We do not see strong need to introduce this kind of signalling and we also have schedule concerns for additional assistance signalling.
Proposal #8: We support Option 2, not to introduce assistance signalling for DMRS port detection due to schedule concerns.

The modulation order information of the co-scheduled UE (RRC based assistant signaling)
· Candidate options on updated LS to RAN2:
· Option 1: Modify 2 bit RRC signaling to indicate max configured MCS table to maximum modulation order of paired UEs
The highest modulation order used in all the MU-MIMO scheduling instances for co-scheduled UE(s), which has the same DM-RS sequence as the target UE, the modulation order is one of the following
· 1024QAM 
· 256QAM 
· 64QAM 
· Option 2: Do not update the agreed LS to RAN2.

We do not see need to update agreed LS to RAN2 for this issue.
Proposal #9: We support Option 2 as we do not see need to update agreed LS to RAN2 for this issue.


2.5 Test parameters
In this chapter we will discuss remaining open issues related to test parameters.

Test setting for when UE is not indicated Modulation order
· Applicable to UEs that support BD MO with R-ML
· FFS whether to introduce applicability rule to skip test(s) with modulation order indicated
· DCI signalling index 6 is indicated
· FFS is tests are applicable to UE that don’t support BD-MO with R-ML with baseline receiver 
· Parameters for feasibility study:
· Same test configurations as tests w/o MO BD except DCI signalling
· 1 co-UE with full FDRA
· Consider rank 1+1 as baseline with 
· target: 16QAM; co-UE: QPSK 
· 64QAM (target)+16QAM (co-UE) 
· Also consider 2+2 in feasibility study
· Max MO for target for BD MO: 256QAM
· Test details:
· Option 1: Model 2-co-scheduled UEs with different modulation order and different FDRA
· Option 2: Same test configurations as tests w/o MO BD except DCI signalling
· Option 3: Model 1-co-scheduled UE with partial FDRA and single modulation order
· Option 4: Only consider rank 1+1 with QPSK

We see that reusing test configurations of indicated modulation order is sufficient and convenient with configuration reuse.
Proposal #10: We support Option 2 to reuse configurations of indicated modulation order tests.

Test setting for the RAN4 agreed network default assumptions
· Postpone the discussion on RRC configuration details after RAN2 has finished RRC based assistant signaling design.

[bookmark: _Hlk146703902]We see that defining requirements with using RAN4 default assumptions only is sufficient.
Proposal #11: We support defining requirements with using RAN4 default assumptions only.

MCS Table
· Proposals on the RRC assistant information configuration on the MCS table:
· For tests without modulation order blind detection:
· Option 1: No need for the network to inform such information to the UE
· Option 2: Should be presented regardless of whether the UE supports MO BD
· For tests with modulation order blind detection:
· Option 1: RRC-based assistant signalling on MCS Table should be ‘256QAM MCS Table’
· Option 2: Align with the MCS Table configuration in the test

We see that in tests without modulation order blind detection, signalling of MCS table information of co-scheduled UEs is not needed, but if it would be simpler and more consistent for network to always signal information, we are fine with the signalling. In tests with modulation order blind detection, we prefer RRC-based assistant signalling indicating 256-QAM MCS table for co-scheduled UEs.
Proposal #12: We support Option 2 to signal MCS table in tests without modulation order blind detection.
Proposal #13: We support Option 1 with RRC-based assistant signalling indicating 256-QAM MCS table for co-scheduled UEs.

MCS Table
· Proposals on MCS Table for the test configuration to the target UE:
· Option 1: The maximum MCS table is 256QAM or 64QAM MCS table, i.e., 1024QAM is not covered
· Option 2: Use MCS Table1
· Option 3: Use maximum 256QAM MCS table

We see that defining requirements with using 64QAM MCS table is sufficient.
Proposal #14: We support Option 2 to define requirements with using 64QAM MCS table for target UE.

Precoder selection for co-scheduled UE
· Candidate options:
· Option 1: Only consider orthogonal PMI selection with the target UE
· Option 2: Consider random PMI selection for rank 1+1, and consider orthogonal PMI selection for rank 2+2.
· Use the phase 1 assumptions for simulation result alignment purpose

Based on our simulation results we think that orthogonal precoding would be sufficient also for rank 1+1 if combined with TDLC300-100 channel and medium antenna correlation.
Proposal #15: We prefer Option 1 to use only orthogonal PMI selection with the target UE.

Modulation order for the co-scheduled UE
· Candidate options:
· For the test cases without modulation order blind detection:
· For rank 1+1 tests:
· Option 1: QPSK
· Option 2: Cover both QPSK and 16QAM
· Option 3: 16QAM or 64QAM
· For rank 2+2 tests:
· Option 1: 16QAM
· Option 2: QPSK
· Option 3: 64QAM

To achieve measurable performance gains with advanced receiver, we should select lower modulation order to co-scheduled UE than target UE is being scheduled. Therefore, we suggest selecting QPSK modulation order for co-scheduled UE in all tests without modulation order blind detection.
Proposal #16: For the test cases without modulation order blind detection, we propose using lower modulation order than target UE for co-scheduled UE to achieve better gains over baseline receiver.

Modulation order for the co-scheduled UE
· Candidate options:
· For the cases with modulation order blind detection:
· 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
· Option 6: 16QAM or 64QAM

To achieve measurable performance gains with advanced receiver, we should select lower modulation order to co-scheduled UE than target UE is being scheduled. Therefore, we suggest selecting QPSK modulation order for co-scheduled UE in all tests with modulation order blind detection.
Proposal #17: For the test cases with modulation order blind detection, we propose using lower modulation order than target UE for co-scheduled UE to achieve better gains over baseline receiver.

Detailed test parameters
· Proposals on rank 1+1 tests with 2T2R:
· Option 1
· Target MCS: 13
· MIMO configuration: ULA medium 
· Channel: TDLC300-100
· Option 2
· Target MCS: 13
· MIMO configuration: ULA low
· Channel: TDLC300-100

Observation #1: On Rank 1+1 tests with 2T2R MCS17 for target UE leads to too high SNR requirements in our view.
Observation #2: On Rank 1+1 tests with 2T2R and MCS13 for target UE our simulations show the following channels as feasible tests: TDLC300-100 ULA medium with both precoder options, and TDLC300-100 ULA low.
Based on our simulation on Rank 1+1 tests with 2T2R, we see MCS13 as most feasible option for target UE together with QPSK modulation for co-scheduled UE combined with TDLC300-100 channel with different antenna correlation and precoding options.
Proposal #18: We propose to align test configurations of Rank 1+1 2T2R and 2T4R tests as in Rel-17 tests.
Proposal #19: Our preference on Rank 1+1 tests with 2T2R is MCS13 for target UE and TDLC300-100 ULA medium with orthogonal precoder, or with non-orthogonal precoder.


Detailed test parameters
· Proposals on rank 1+1 tests with 2T4R:
· Option 1
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA Low
· Channel: TDLA30-10
· Option 2 
· Target MCS: 13 (Table 1)
· MIMO configuration: ULA medium
· Channel: TDLC300-100

Observation #3: On Rank 1+1 tests with 2T4R TDLA30-10 ULA low does not give enough gain over MMSE-IRC.
Observation #4: On Rank 1+1 tests with 2T4R MCS17 for target UE leads to too high SNR requirements in our view.
Observation #5: On Rank 1+1 tests with 2T4R and MCS13 for target UE our simulations show the following channels as feasible tests: TDLC300-100 ULA medium with both precoder options.
Based on our simulation on Rank 1+1 tests with 2T4R, we see MCS13 as most feasible option for target UE together with QPSK modulation for co-scheduled UE combined with TDLC300-100 channel with both precoding options.
Proposal #20: Our preference on Rank 1+1 tests with 2T4R is MCS13 for target UE and TDLC300-100 ULA medium with orthogonal precoder, or with non-orthogonal precoder.

Detailed test parameters
· Proposals on rank 2+2 tests with 4T4R:
· Option 1
· Target MCS: 17 (Table 1)
· MIMO configuration: ULA Low
· Channel: TDLA30-10
· Option 2
· Target MCS: 13 (Table 1)
· MIMO configuration: XP medium
· Channel: TDLA30-10

Observation #6: On Rank 2+2 tests with 4T4R and MCS17 for target UE does not give enough gain over MMSE-IRC.
Based on our simulation on Rank 2+2 tests with 4T4R, we see MCS13 as most feasible option for target UE together with QPSK modulation for co-scheduled UE combined with TDLA30-10 channel with both antenna correlation options. XP medium antenna correlation shows slightly higher gains over MMSE-IRC receiver and therefore would be preferred option.
Proposal #21: Our proposal on Rank 2+2 tests with 4T4R is MCS13 for target UE and TDLA30-10 XP medium with orthogonal precoder.


3 Conclusion
In this paper we provided the view on the advanced receiver to cancel inter-user interference for MU-MIMO. The following observations and proposals are made:
Proposal #1: We support the moderator proposal as RAN4 answer to RAN2.
Proposal #2: We support Option 1 to introduce UE capability to indicate modulation order detection capability.
Proposal #3: We support Option 2, not to introduce capability for maximum modulation orders.
Proposal #4: We prefer Option 2, not to introduce capability for DMRS configurations.
Proposal #5: We prefer Option 2 to guarantee feasible UE complexity, but we can also support Option 1 if number of CC in CA operation is up to UE implementation.
Proposal #6: We see there is not enough time to introduce DMRS port related RRC signalling.
Proposal #7: We support Option 3, not to introduce signalling on the frequency domains resource allocation type.
Proposal #8: We support Option 2, not to introduce assistance signalling for DMRS port detection due to schedule concerns.
Proposal #9: We support Option 2 as we do not see need to update agreed LS to RAN2 for this issue.
Proposal #10: We support Option 2 to reuse configurations of indicated modulation order tests.
Proposal #11: We support defining requirements with using RAN4 default assumptions only.
Proposal #12: We support Option 2 to signal MCS table in tests without modulation order blind detection.
Proposal #13: We support Option 1 with RRC-based assistant signalling indicating 256-QAM MCS table for co-scheduled UEs.
Proposal #14: We support Option 2 to define requirements with using 64QAM MCS table for target UE.
Proposal #15: We prefer Option 1 to use only orthogonal PMI selection with the target UE.
Proposal #16: For the test cases without modulation order blind detection, we propose using lower modulation order than target UE for co-scheduled UE to achieve better gains over baseline receiver.
Proposal #17: For the test cases with modulation order blind detection, we propose using lower modulation order than target UE for co-scheduled UE to achieve better gains over baseline receiver.
Observation #1: On Rank 1+1 tests with 2T2R MCS17 for target UE leads to too high SNR requirements in our view.
Observation #2: On Rank 1+1 tests with 2T2R and MCS13 for target UE our simulations show the following channels as feasible tests: TDLC300-100 ULA medium with both precoder options, and TDLC300-100 ULA low.
Proposal #18: We propose to align test configurations of Rank 1+1 2T2R and 2T4R tests as in Rel-17 tests.
Proposal #19: Our preference on Rank 1+1 tests with 2T2R is MCS13 for target UE and TDLC300-100 ULA medium with orthogonal precoder, or with non-orthogonal precoder.
Observation #3: On Rank 1+1 tests with 2T4R TDLA30-10 ULA low does not give enough gain over MMSE-IRC.
Observation #4: On Rank 1+1 tests with 2T4R MCS17 for target UE leads to too high SNR requirements in our view.
Observation #5: On Rank 1+1 tests with 2T4R and MCS13 for target UE our simulations show the following channels as feasible tests: TDLC300-100 ULA medium with both precoder options.
Proposal #20: Our preference on Rank 1+1 tests with 2T4R is MCS13 for target UE and TDLC300-100 ULA medium with orthogonal precoder, or with non-orthogonal precoder.
Observation #6: On Rank 2+2 tests with 4T4R and MCS17 for target UE does not give enough gain over MMSE-IRC.
Proposal #21: Our proposal on Rank 2+2 tests with 4T4R is MCS13 for target UE and TDLA30-10 XP medium with orthogonal precoder.
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