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1 Introduction
[bookmark: _Hlk149659930][bookmark: _Hlk149814070]In RAN#101, the status report of RAN1 led Rel-18 WI of NR MIMO evolution for downlink and uplink lists the current progress [1]. The latest WF of WI of NR MIMO evolution for downlink and uplink lists several open items with initial proposals [2]. This discussion document is focusing on downlink open issues.

2 Discussion
[bookmark: _Hlk95316233]2.1 Background
The latest work item description of WI of NR MIMO evolution for downlink and uplink lists three work objectives that are relevant for RAN4 demodulation and CSI requirements work.
1) Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
2) Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
3) Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this discussion document we are going to cover these three objectives in the following chapters. First, in Chapter 2.2 general scope is discussed for all MIMO evolution WI subfeatures. Next, Rel-16/17 Type-II codebook refinement will be discussed in Chapter 2.3. Next, enhancements of CSI acquisition for CJT will be discussed in Chapter 2.4. Finally, larger number of orthogonal DMRS ports for downlink MU‑MIMO will be discussed in Chapter 2.5.



2.2 General Scope
In this chapter general scope of all MIMO evolution WI subfeatures are discussed.

Issue 1-1-1: clarify criteria of feasibility for ‘typeII-Doppler-r18’ codebook
Agreement:
· Define PMI reporting requirements with ‘typeII-Doppler-r18’ using option 2 if both option 1 and option 2 could be fulfilled. Otherwise, if only option 1 is fulfilled, further discuss if feasible to define PMI reporting requirement using option 1 only.
· Option 1: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and medium/high UE speed.
· Option 2: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and medium/high UE speed.

We see that both Option 1 and Option 2 conditions must be fulfilled for feasible test.
Proposal #1: We propose to find test configuration that fulfils both Option 1 and Option 2 conditions.

Issue 1-1-2: clarify test metric for PMI reporting requirements with ‘typeII-Doppler-r18’ codebook
Agreement:
· Test metric defined as  as a starting point, where  is X % (e.g. X=90) of the maximum throughput obtained at  using the typeII-Doppler-r18 precoder configured according to the UE reports, and  is the throughput measured at  with random precoding based on Type I Single Panel codebook. 

In legacy multiple (subband) PMI TypeII codebook test (6.3.3.1.5) in TS38.101-4 random precoder selection is defined as
Note 1:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (1 ms granularity) with equal probability of each applicable i1, i2 combination. The random precoder generation shall follow 'typeI-SinglePanel' codebook configuration as specified in table 6.3.3.1.3-1.

We would like to explicitly define for clarification what “equal probability of each applicable i1, i2 combination” exactly means in terms of granularity in frequency domain for ‘typeII-Doppler-r18’ codebook. In single (wideband) PMI tests random precoder is explicitly defined with wideband granularity. In multiple (subband) PMI we assume random i1 with wideband granularity and random i2 with subband granularity.
Proposal #2: We propose to explicitly define random precoding frequency domain granularities as random i1 with wideband granularity and random i2 with subband granularity with ‘typeII-Doppler-r18’ codebook.

Issue 1-1-4: clarify if PMI reporting requirements are needed for ‘typeII-CJT-r18’ codebook
Agreement:
· Focus on co-located scenario (zero time offset and zero frequency offset), introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only) if performance gain could be observed, with Test metric defined as , where  is Z % (e.g., Z=90) of the maximum throughput obtained at  using the precoders configured according to the UE reports, and   is the throughput measured at  with random precoding based on type I Single Panel codebook.

As in ‘typeII-Doppler-r18’ codebook, we would like to explicitly define for clarification what “equal probability of each applicable i1, i2 combination” exactly means in terms of granularity in frequency domain for ‘typeII-CJT-r18’ codebook.
Proposal #3: We propose to explicitly define random precoding frequency domain granularities as random i1 with wideband granularity and random i2 with subband granularity with ‘typeII-Doppler-r18’ codebook.
In addition, we would like to explicitly define that statistically independent random precoding generation is applied for both TRxPs.
Proposal #4: We propose to define that statistically independent random precoding generation is applied for both TRxPs.
Finally, we would like to explicitly define that when Throughput is measured using random precoder selection, all TRxPs transmit all PDSCH layers meaning coherent transmission scheme instead of non-coherent.
Proposal #5: We propose to define that when Throughput is measured using random precoder selection, all TRxPs transmit all PDSCH layers meaning coherent transmission scheme.



2.3 Rel-16/17 Type-II codebook refinement
[bookmark: _Hlk146741495]In this chapter we discuss open issues of Enhanced Type II codebook for predicted PMI.

Issue 2-1-1: Propagation channel
Way forward:
· Start with TDLA30-30, TDLA30-50 and TDLA30-100 for TypeII Doppler feasibility study.

We have done some simulations with using parameter proposals from the previous meeting [2]. We can do following observations from these simulations:
Observation #1: We do not see gains over Rel-16 reference in TDLA30-50 and TDLA30-100 channels.
Observation #2: We see significant gains over Rel-16 reference in TDLA30-30 when N4=1.
Observation #3: We see minor gains over Rel-16 reference in TDLA30-30 when N4=4.
Observation #4: We see feasible gamma values in TDLA30-30 when with both N4=1 and N4=4.
Observation #5: We see prediction timing matching PMI apply timing outperforming prediction timing based on signalled delta parameter.
Based on these simulations results, we see that it may be possible to find feasible test case. With N4=4 we still see quite limited performance gain over Rel-16 reference. We are interested to check other companies’ findings before making final conclusions on test feasibility.
Proposal #6: We propose to check TDLA30-30 channel results from all companies with N4=1 and N4=4.

Issue 2-1-11: MCS
Agreement:
· MCS13 (16QAM, 0.48) as a starting point. 
· Other options are not precluded.

We see that both MCS13 and MCS20 would be suitable for Rel-18 TypeII Doppler PMI test based on our simulations.
Proposal #7: We prefer MCS13.

2.4 Enhancements of CSI acquisition for CJT targeting FR1 and up to 4 TRPs
In this chapter we discuss open issues of Enhancements of CSI acquisition for CJT.

Issue 2-2-4: paramCombination-CJT-L-r18 
Way forward:
· Option 1: Set paramCombination-CJT-L-r18 as 7 ({4, 4}) 
· Option 2: Set paramCombination-CJT-L-r18 as 4 ({2, 2})
· Other options are not precluded

These parameters are trade-off between performance and signalling overhead. Based on our simulations we would prefer Option 1 for better performance.
Observation #6: We see significant gains of paramCombination-CJT-L-r18 of value 7 compared to value 4.
Proposal #8: We prefer Option 1 to set paramCombination-CJT-L-r18 as 7.

Issue 2-2-5: paramCombination-CJT-r18
Way forward:
· Option 1: Set paramCombination-CJT-r18 as 4 (,) or 7 (,) for paramCombination-CJT-L-r18 = 7 
· Option 2: Set paramCombination-CJT-r18 as 1 (,) for paramCombination-CJT-L-r18 = 4
· Other options are not precluded

These parameters are trade-off between performance and signalling overhead. Based on our simulations we would prefer Option 1 to set paramCombination-CJT-r18 as 7 for better performance.
Observation #7: We see comparable performance of paramCombination-CJT-r18 values 7 and 4 in Rank1.
Observation #8: We see significant gains of paramCombination-CJT-r18 of value 7 compared to value 4 in Rank2.
Proposal #9: We prefer Option 1 to set paramCombination-CJT-r18 as 7.

Issue 2-2-6: RI restriction (typeII-CJT-RI‑Restriction-r18)
Agreement:
· Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
· Other options are not precluded

We see Rank2 as a good starting point for Rel-18 TypeII for CJT test. This means that RI restriction (typeII-CJT-RI-Restriction-r18) would be set as 0010. We see higher gamma values with Rank2 compared to Rank1. Also, we see higher gamma values with MCS13 compared to MCS20. Therefore, we propose to use Rank2 with MCS13 configuration for tests.
Observation #9: We see higher gamma values on MCS13 compared to MCS20.
Observation #10: We see higher gamma values on Rank2 compared to Rank1.
Proposal #10: We prefer using MCS13.
Proposal #11: We support using Rank2, meaning typeII-CJT-RI Restriction-r18 set as 0010.

Issue 2-2-7: codebookMode
Way forward:
· Option 1: Set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
· Option 2: Set codebookMode as Mode2 as a starting point, keep Mode1 as FFS until finish feasibility study with conclusions.

We see that codebookMode as Mode2 as sufficient for Rel-18 TypeII for CJT test. We see that codebookMode of Mode1 could be considered in future releases after Rel-19 CJT enhancements are implemented.
Proposal #12: We support Option 1 to set codebookMode as Mode2 for Rel-18 TypeII for CJT test.

Issue 2-2-9: Test metric
Way forward:
· Option 1: For PMI reporting test with Type II codebook for CJT, the test metric is defined as , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding. 
· Other options are not precluded

We are fine with proposed test metric as a starting point. Note, we have some further clarification proposals related to random PMI definitions in Chapter 2.2 General Scope.
Proposal #13: We support Option 1 as a starting point.
In addition to open issues in WF, we would like to discuss TRS configuration in CJT. In non-coherent transmission scheme, there are TRP specific TRS resources configured. This is still valid configuration for CJT, but we could consider also using single TRP resource, where received TRS would correspond to joint channel from both TRPs. We see that TRP specific resources would allow more flexibility for UE implementation with cost of higher TRS overhead.
Proposal #14: We propose to define TRS resource configuration being joint or TRP-specific resource.


2.5 Larger number of orthogonal DMRS ports for downlink MU-MIMO
In this chapter we discuss open issues of larger number of orthogonal DMRS ports.

Issue 2-3-2: DMRS ports
Way forward:
· {1008} if Rank 1 test is selected
· {1008, 1009} if Rank 2 test is selected
· {1008-1010} if Rank 3 test is selected
· If Rank 4 is selected:
· Option 1: {1008-1011}
· Option 2: {1000, 1001, 1008, 1009}

We prefer DMRS Rank4 port proposal of Option 1.
Proposal #15: We prefer Option 1 to use ports {1008-1011}.

Issue 2-3-3: Duplex mode for tests need to be defined for Rel-18 DMRS
Tentative agreement:
· both FDD and TDD

We see that testing both FDD and TDD is preferable for good test coverage.
Proposal #16: We still support testing both FDD and TDD.

Issue 2-3-4: Number of Rx for tests need to be defined for Rel-18 DMRS
Way forward:
· Option 1: both 2Rx and 4Rx
· Option 2: Only 4Rx
· Option 3: Only 2Rx

We see that testing both 2Rx and 4Rx is needed for complete test coverage due to test applicability rules.
Proposal #17: We support Option 1 to define both 2Rx and 4Rx tests.

Issue 2-3-5: Cases need to be defined for FR1 Rel-18 DMRS
Way forward:
· Option 1: define one test for each Rank 1, 2, 3 and 4 with 4Rx
· Option 1A: Use Test 1-3 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 1B: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 2: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 2-1, 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 3: define one test for Rank 2 with 2Rx, one test for Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 4: define one test for each Rank 1, Rank 2 with 2Rx, one test for each Rank 3, Rank 4 with 4Rx
· For Rank 1 with 2Rx, Test 1-2 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 3 with 4Rx, Test 3-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· For Rank 4 with 4Rx, Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 5: define one test for FDD Rank 1 with 2Rx, one test for TDD Rank 2 with 2Rx
· For Rank 1 with 2Rx, Test 1-1 in Chapter 5.2.2.1.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.2.1
· Option 6: define one test for TDD rank 4 with 4Rx
· For rank 4 with 4 Rx, Test 4-1 in clause 5.2.3.2.1
· Other options are not precluded

We see low delay spread and low doppler channels such as TDLA30-10, full frequency domain allocation and 70% relative throughput test point as a good starting point for Rel-18 DMRS test. These conditions apply to both FDD and TDD, and to 2Rx and 4Rx.
Proposal #18: We propose to use FR1 tests with TDLA30-10 channel.
Proposal #19: We propose to use FR1 tests with full frequency domain allocation.
Proposal #20: We propose to use FR1 tests with 70% relative throughput.


Issue 2-3-6: Cases need to be defined for FR2-1 Rel-18 DMRS
Way forward:
· Option 1: define one test for each Rank 1, 2 with 2Rx
· Option 1A: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2 in Chapter 7.2.2.2.1
· Other options are not precluded

We see that Rel-18 enhanced DMRS is low priority in FR2, but we are open to introduce new test if supported by other companies. We see low delay spread channels such as TDLA30, full frequency domain allocation and 70% relative throughput test point as a good starting point for Rel-18 DMRS test.
Proposal #21: We propose to use FR2 tests with TDLA channel, if FR2 test is introduced.
Proposal #22: We propose to use FR2 tests with full frequency domain allocation, if FR2 test is introduced.
Proposal #23: We propose to use FR2 tests with 70% relative throughput, if FR2 test is introduced.

Issue 2-3-7: Minimum requirements for tests need to be defined for Rel-18 DMRS
Way forward:
· Option 1: reuse legacy value
· Option 2: new value according simulation results
· Other options are not precluded

[bookmark: _Hlk158893797]Observation #11: In our simulations we support see maximum performance losses less than 0.3dB. Therefore, we see that reusing old values with possible additional margin is sufficient.
Proposal #24: We support Option 1 of reusing legacy values.



3 Conclusion
In this paper we provided the view on the MIMO evolution downlink demodulation cand CSI requirements. The following observations and proposals are made:
Proposals and observations of general scope
Proposal #1: We propose to find test configuration that fulfils both Option 1 and Option 2 conditions.
Proposal #2: We propose to explicitly define random precoding frequency domain granularities as random i1 with wideband granularity and random i2 with subband granularity with ‘typeII-Doppler-r18’ codebook.
Proposal #3: We propose to explicitly define random precoding frequency domain granularities as random i1 with wideband granularity and random i2 with subband granularity with ‘typeII-Doppler-r18’ codebook.
Proposal #4: We propose to define that statistically independent random precoding generation is applied for both TRxPs.
Proposal #5: We propose to define that when Throughput is measured using random precoder selection, all TRxPs transmit all PDSCH layers meaning coherent transmission scheme.

Proposals and observations of predicted PMI
Observation #1: We do not see gains over Rel-16 reference in TDLA30-50 and TDLA30-100 channels.
Observation #2: We see significant gains over Rel-16 reference in TDLA30-30 when N4=1.
Observation #3: We see minor gains over Rel-16 reference in TDLA30-30 when N4=4.
Observation #4: We see feasible gamma values in TDLA30-30 when with both N4=1 and N4=4.
Observation #5: We see prediction timing matching PMI apply timing outperforming prediction timing based on signalled delta parameter.
Proposal #6: We propose to check TDLA30-30 channel results from all companies with N4=1 and N4=4.
Proposal #7: We prefer MCS13.

Proposals and observations of CJT
Observation #6: We see significant gains of paramCombination-CJT-L-r18 of value 7 compared to value 4.
Proposal #8: We prefer Option 1 to set paramCombination-CJT-L-r18 as 7.
Observation #7: We see comparable performance of paramCombination-CJT-r18 values 7 and 4 in Rank1.
Observation #8: We see significant gains of paramCombination-CJT-r18 of value 7 compared to value 4 in Rank2.
Proposal #9: We prefer Option 1 to set paramCombination-CJT-r18 as 7.
Observation #9: We see higher gamma values on MCS13 compared to MCS20.
Observation #10: We see higher gamma values on Rank2 compared to Rank1.
Proposal #10: We prefer using MCS13.
Proposal #11: We support using Rank2, meaning typeII-CJT-RI Restriction-r18 set as 0010.
Proposal #12: We support Option 1 to set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
Proposal #13: We support Option 1 as a starting point.
Proposal #14: We propose to define TRS resource configuration being joint or TRP-specific resource.
Proposals and observations of enhanced DMRS
Proposal #15: We prefer Option 1 to use ports {1008-1011}.
Proposal #16: We still support testing both FDD and TDD.
Proposal #17: We support Option 1 to define both 2Rx and 4Rx tests.
Proposal #18: We propose to use FR1 tests with TDLA30-10 channel.
Proposal #19: We propose to use FR1 tests with full frequency domain allocation.
Proposal #20: We propose to use FR1 tests with 70% relative throughput.
Proposal #21: We propose to use FR2 tests with TDLA channel, if FR2 test is introduced.
Proposal #22: We propose to use FR2 tests with full frequency domain allocation, if FR2 test is introduced.
Proposal #23: We propose to use FR2 tests with 70% relative throughput, if FR2 test is introduced.
Observation #11: In our simulations we see maximum performance losses less than 0.3dB. Therefore, we see that reusing old values with possible additional margin is sufficient.
Proposal #24: We support Option 1 of reusing legacy values.
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