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1 Introduction
[bookmark: _Hlk149659930][bookmark: _Hlk149814070]In RAN#103, 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, Rel-16/17 Type-II codebook refinement will be discussed in Chapter 2.2. Next, enhancements of CSI acquisition for CJT will be discussed in Chapter 2.3. Finally, larger number of orthogonal DMRS ports for downlink MU‑MIMO will be discussed in Chapter 2.4.



2.2 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
Agreement:
· TDLA30-30 as baseline. Interested companies can also provide results with 20 and 40 Hz in addition to 30 Hz.

We have done some simulations shown in [3] with using parameter proposals from the previous meeting [2].
We can do several observations from FDD simulations.
Observation #1: We do not see gains over Rel-16 reference in FDD in TDLA30-40 channel.
Observation #2: We see significant gains over Rel-16 reference in FDD in TDLA30-20 when N4=1.
Observation #3: We see reasonable gains over Rel-16 reference in FDD in TDLA30-30 when N4=1.
Observation #4: We see reasonable gains over Rel-16 reference in FDD in TDLA30-20 when N4=4.
Observation #5: We see minor gains over Rel-16 reference in FDD in TDLA30-30 when N4=4.
Observation #6: We see feasible gamma values in FDD in TDLA30-20 when with both N4=1 and N4=4.
We can do several observations from TDD simulations.
Observation #7: We do not see gains over Rel-16 reference in TDD option 1 in TDLA30-40 channel.
Observation #8: We see some gain over Rel-16 reference in TDD option 2 in TDLA30-40 channel.
Observation #9: We see reasonable gains over Rel-16 reference in TDD in TDLA30-20 and TDLA30-30 channels in both timing options.
Observation #10: We see feasible gamma values in TDD in TDLA30-20 and TDLA30-30 channels in both timing options.
Based on these simulations results, we see that it may be possible to find feasible test case. TDLA30-20 channel seems to give the highest gains compared to legacy Rel-16 solution. Therefore, we propose using that channel to implement tests for predicted PMI codebook tests.
Proposal #1: We propose to use TDLA30-20 channel.

Issue 2-1-2: N4 and K configuration
Way forward:
· Option 1: N4=4 and K=4
· Option 2: N4=1 and K=4
· Other options are not precluded.

Based on our FDD simulation results we can see good gains compared to legacy Rel-16 solution when using N4=1 whereas when using N4=4 gains are more limited. In TDD N4=1 configuration gain opportunities may be more limited due to limited UL slots.
In our view we see N4=1 configuration as good performance test to check prediction quality. Furthermore, we see that N4=4 is more of functionality test where UL report bundling and compression is fully tested.
Proposal #2: We support Option 2: N4=1 and K=4 as the priority.
Proposal #3: We support Option 1: N4=4 and K=4 as the second priority, if needed in addition to Option 2.

Issue 2-1-4: X% of the maximum throughput in Test metric
Way forward:
· Option 1: 60%
· Option 2: 90%
· Other options are not precluded.

We see that using 90% relative throughput as test metric is sufficient.
Proposal #4: We support Option 2 to use 90% relative throughput test metric.

Issue 2-1-5: Test metric of TypeII-Doppler-r18 codebook
Way forward:
· Option 1: 1.9 for 2Rx case, 2.1 for 4Rx case
· Option 2: 1.5
· Other options are not precluded.

Test metric (gamma) heavily depends on agreed tests. We suggest first to agree parameters of test cases and then check averaged results of all companies to make final conclusions of test metrics of each test. Based on previous meeting results it was too early to do any further conclusions.
Proposal #5: We suggest checking all companies averages of agreed tests.

Issue 2-1-6: Test setup for FR1 TDD case of TypeII-Doppler-r18 codebook
Way forward:
· Option 1: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook based on below figure configuration
[image: ]
· Other options are not precluded.

In given Option 1 we see that delay from prediction window to the corresponding last PDSCH slots is so long that we would expect to see very limited prediction gains. Therefore, we will introduce 2 alternative timing proposals for discussion and other companies’ evaluation.
[image: ]
Figure 1: MTK TDD timing Proposal 2a.
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Figure 2: MTK TDD timing Proposal 3a.
With both timing options we can see some prediction gain that is comparable to FDD gains with N4=4 configuration.
Proposal #6: We propose to use TDD timing of MTK TDD timing Option 3a.

Issue 2-1-8: Test setup for FR1 FDD case of TypeII-Doppler-r18 codebook
Way forward:
· Option 1:
[image: ]

· Option 2:
[image: ]
· Other options are not precluded.

In our view, we see that test setup should follow Option 1. To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose updating RAN1 specification with redefined delta parameter options.
The current predictionDelay-r18 in 38.331 [5] is defined as ENUMERATED {m0, n0, n1, n2} where the first value m0 means that the first slot for which the CSI corresponds to is the slot where the CSI reference resource is located at. For the other three candidate values (n0, n1, n2), then the first slot for which the CSI corresponds to is given by l = n+delta, where delta can take on values of 0, 1, 2 and n the slot in which CSI is reported. See [5] for full details.
In RAN4 tests we will probably use FDD timing where delta = 4 would match prediction to actual PMI apply timing, and correspondingly delta = 6 would match prediction to PMI apply timing in TDD. Therefore, we see that in RAN4 point of view, redefining predictionDelay-r18 in 38.331 as ENUMERATED {m0, n2, n4, n6} would enable better PMI prediction performance.
Proposal #7: We support Option 1 test setup for FDD timing.
Proposal #8: To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose updating RAN1 specification with redefined delta parameter options.

2.3 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. Also, we have simulated with agreed CJT parameters and random PMI shown in [3]. We can do several observations from these results.
Observation #11: We see higher gamma values on MCS13 compared to MCS20.
Observation #12: We see higher gamma values on Rank2 compared to Rank1.
Observation #13: We see test point SNR close or below 0dB in other than Rank2 MCS20 in 4Rx.
Observation #14: We see test point SNR clearly below 0dB in Rank1 MCS13.

Issue 2-2-2: N1, N2, O1, O2 and the number of CSI-RS ports
Way forward:
· Option 1: Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) for Rel-18 TypeII for CJT PMI test. 
· Other options are not precluded.

We see PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) as sufficient configuration for Rel-18 TypeII for CJT PMI test.
Proposal #9: We support Option 1.

Issue 2-2-5: RI restriction (typeII-CJT-RI‑Restriction-r18)
Way forward:
· Option 1: Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
· Option 2: Set RI restriction as 0010 for Rel-18 TypeII for CJT PMI test.

Issue 2-2-6: MCS
Way forward:
Companies are encouraged to provide more simulations based on below options with transmission power per TRP is 3dB less than single TRP case.
· Option 1: MCS13 
· Option 2: MCS20

Based on our simulations, we see test point SNR close or below 0dB in other than Rank2 MCS20 in 4Rx. We see Rank2 as the most robust for Rel-18 TypeII for CJT test. This means that RI restriction (typeII-CJT-RI-Restriction-r18) would be set as 0010. We also see higher gamma values with Rank2 compared to Rank1. Furthermore, we see higher gamma values with MCS13 compared to MCS20. Therefore, we propose to use Rank2 with MCS20 configuration for tests.
Proposal #10: We support using Rank2, meaning typeII-CJT-RI Restriction-r18 set as 0010.
Proposal #11: We support using MCS20 at least in 4Rx test.
Proposal #12: We prefer using MCS20 also in 2Rx test but see that for 2Rx MCS13 would be also feasible.

Issue 2-2-9: Test metric of TypeII-CJT-r18 codebook
Way forward:
· Option 1: 1.8 for 2Rx and 4Rx case (Samsung)
· Option 2: 2.0 for 2Rx and 4Rx case (Huawei)
· Other options are not precluded.

Test metric (gamma) heavily depends on agreed tests. We suggest first to agree parameters of test cases and then check averaged results of all companies to make final conclusions of test metrics of each test. Based on previous meeting results it was too early to do any further conclusions.
Proposal #13: We suggest checking all companies averages of agreed tests.

Issue 2-2-10: TRS configuration in CJT
Way forward:
· Option 1: One TRS for both TRPs
· Option 2: separate TRS for each TRP

In coherent transmission with ideal synchronization between TRPs, matching intended test case in this work item, we see it feasible to have joint TRS sent from both TRPs. Still, we would be happy to hear more feedback from all infra vendors which would be more practical deployment.
Proposal #14: We prefer Option 1 for one TRS for both TRPs.

Issue 2-2-11: Beam steering modelling for TypeII-CJT-r18 PMI reporting requirements
Way forward:
· Option 1: principle beam direction specified in Annex B.2.3.2.3
· Option 2: dual cluster beams defined in Annex B.2.3.2.3A

Dual cluster beam steering principle is better suited for TypeII codebook testing. Also, independent of antenna array dimensions, dual cluster beam forming is valid approach.
Proposal #15: We support Option 2 to use dual cluster beam steering for CJT.

In addition to open issues, we would like to clarify DMRS port numbering to be used in test. In non-coherent Multi-TRP transmission schemes different CDM groups are used for each TRP. However, in case of coherent transmission where all layers are transmitted from all TRPs there is no need to split port allocation to different CDM groups.
Proposal #16: We propose to use DMRS antenna port 1000 for Rank1 and DMRS antenna ports 1000 and 1001 for Rank2.



2.4 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 2-3-6: 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

Observation #15: 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 #17: 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 predicted PMI
Observation #1: We do not see gains over Rel-16 reference in FDD in TDLA30-40 channel.
Observation #2: We see significant gains over Rel-16 reference in FDD in TDLA30-20 when N4=1.
Observation #3: We see reasonable gains over Rel-16 reference in FDD in TDLA30-30 when N4=1.
Observation #4: We see reasonable gains over Rel-16 reference in FDD in TDLA30-20 when N4=4.
Observation #5: We see minor gains over Rel-16 reference in FDD in TDLA30-30 when N4=4.
Observation #6: We see feasible gamma values in FDD in TDLA30-20 when with both N4=1 and N4=4.
Observation #7: We do not see gains over Rel-16 reference in TDD option 1 in TDLA30-40 channel.
Observation #8: We see some gain over Rel-16 reference in TDD option 2 in TDLA30-40 channel.
Observation #9: We see reasonable gains over Rel-16 reference in TDD in TDLA30-20 and TDLA30-30 channels in both timing options.
Observation #10: We see feasible gamma values in TDD in TDLA30-20 and TDLA30-30 channels in both timing options.
Proposal #1: We propose to use TDLA30-20 channel.
Proposal #2: We support Option 2: N4=1 and K=4 as the priority.
Proposal #3: We support Option 1: N4=4 and K=4 as the second priority, if needed in addition to Option 2.
Proposal #4: We support Option 2 to use 90% relative throughput test metric.
Proposal #5: We suggest checking all companies averages of agreed tests.
Proposal #6: We propose to use TDD timing of MTK TDD timing Option 2.
Proposal #7: We support Option 1 test setup for FDD timing.
Proposal #8: To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose updating RAN1 specification with redefined delta parameter options.

Proposals and observations of CJT
Observation #11: We see higher gamma values on MCS13 compared to MCS20.
Observation #12: We see higher gamma values on Rank2 compared to Rank1.
Observation #13: We see test point SNR close or below 0dB in other than Rank2 MCS20 in 4Rx.
Observation #14: We see test point SNR clearly below 0dB in Rank1 MCS13.
Proposal #9: We support Option 1.
Proposal #10: We support using Rank2, meaning typeII-CJT-RI Restriction-r18 set as 0010.
Proposal #11: We support using MCS20 at least in 4Rx test.
Proposal #12: We prefer using MCS20 also in 2Rx test but see that for 2Rx MCS13 would be also feasible.
Proposal #13: We suggest checking all companies averages of agreed tests.
Proposal #14: We prefer Option 2 assuming that is more practical configuration.
Proposal #15: We support Option 2 to use dual cluster beam steering for CJT.
Proposal #16: We propose to use DMRS antenna port 1000 for Rank1 and DMRS antenna ports 1000 and 1001 for Rank2.

Proposals and observations of enhanced DMRS
Observation #15: 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 #17: We support Option 1 of reusing legacy values.
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