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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 remaining objectives in the following chapters. First, Rel-16/17 Type-II codebook refinement will be discussed in Chapter 2.2. Finally, enhancements of CSI acquisition for CJT will be discussed in Chapter 2.3.
We see that simulation results of larger number of orthogonal DMRS ports for downlink MU‑MIMO that we provided in the last meeting are still valid and we did not repeat those in this document.



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 1-1-1: Propagation channel for both FDD and TDD cases
For Rel18 Doppler codebook requirements, decide the propagation channel from below options based on the updated simulation results on the May meeting
For FR1 FDD: 
· Option 1: TDLA30-30
· Option 2: TDLA30-20
For FR1 TDD: 
· Option 1: TDLA30-20
· Option 2: TDLA30-10

We have done some simulations shown in [3] with using parameter proposals from the previous meeting [2].
We can do following observations from simulations.
Observation #1: No prediction gains in FDD simulations probably due to too many allocated PDSCH slots.
Observation #2: Some prediction gains in TDD simulations with both doppler options.
Observation #3: Higher prediction gains in TDD simulations with 10Hz doppler compared to 20Hz.
Based on these simulations results, we see that it may be possible to find feasible test case for TDD. TDLA30-10 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. As lower doppler in TDD seems to give higher prediction gain, we assume similar behaviour for FDD, if implemented properly. Therefore, we propose to use TDLA30-20 channel for FDD. To fix FDD prediction issue, we propose to allocate only the first 2 slots of PDSCH, to minimize PMI delay.
Proposal #1: We propose to use only 2 first allocated PDSCH slots, like in TDD, to improve prediction accuracy.
Proposal #2: We propose to use TDLA30-20 channel for FR1 FDD.
Proposal #3: We propose to use TDLA30-10 channel for FR1 TDD.

Issue 1-1-4: Test metric of TypeII-Doppler-r18 codebook
Decide the gamma value based on the updated simulation results on the May meeting

Based on our simulation results we propose gamma values based on simulated gamma multiplied by 0.7. For FDD gamma values would be 1.6 for 4Rx and 1.4 for 2Rx. For TDD gamma values would be 3.9 for 4Rx and 4.2 for 2Rx.
Proposal #4: We propose gamma value 1.6 for FR1 FDD 4Rx test, if keep the current configuration.
Proposal #5: We propose gamma value 1.4 for FR1 FDD 2Rx test, if keep the current configuration.
Proposal #6: We propose gamma value 3.9 for FR1 TDD 4Rx test.
Proposal #7: We propose gamma value 4.2 for FR1 TDD 2Rx test.

Issue 1-1-7: timing mismatch between the prediction reference and precoder usage in PDSCH transmission
Interested companies are welcomed to provide draft LS to RAN1 and RAN2 on next meeting for this mismatch problem.

To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose updating RAN1 and RAN2 specifications with redefined delta parameter options.
The current predictionDelay-r18 in TS 38.331 [4] 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 is the slot in which CSI is reported. See [4] 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, extending predictionDelay-r18 in TS 38.331 with values {n4, n6, n8, n10} would enable better PMI prediction performance.
The corresponding definition of delta in RAN1 specification is in TS 38.214 [5] as the slot offset  that would require corresponding updates with values {4, 6, 8, 10}.
We have provided draft LS to RAN1 to request specification update to extend prediction timing options [6]. We are open to further discuss details of update like exact values to be added.
Proposal #8: To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose sending LS to RAN1 to request update to specifications with extended 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. 

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.

We have simulated with agreed CJT parameters and random PMI shown in [3]. We can do following observation from these results.
Observation #4: We see feasible gamma and SNR values in both 4Rx and 2Rx tests.
Based on our simulation results we propose gamma values based on simulated gamma multiplied by 0.7. The gamma values would be 1.6 for 4Rx and 1.7 for 2Rx.
Proposal #9: We propose gamma value 1.6 for FR1 FDD 4Rx test.
Proposal #10: We propose gamma value 1.7 for FR1 FDD 2Rx test.

TS38.214 Chapter 5.4 UE CSI computation time
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide a valid CSI report for the n-th triggered report, 
-	if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref, and
-	if the first uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref(n), 


where Zref is defined as the next uplink symbol with its CP starting  after the end of the last symbol of the PDCCH triggering the CSI report(s), and where Z'ref(n), is defined as the next uplink symbol with its CP starting after the end of the last symbol in time of the latest of: aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and aperiodic NZP CSI-RS for interference measurement for a CSI-ReportConfig, or for all triggered sub-configurations if CSI-ReportConfig contains multiple sub-configurations, when aperiodic CSI-RS is used for channel measurement for the n-th triggered CSI report, and where Tswitch is defined in clause 6.4 and is applied only if  of table 5.4-1 is applied. 
Z, Z' and µ are defined as: 
 and , where M is the number of updated CSI report(s) according to Clause 5.2.1.6,  corresponds to the m-th updated CSI report and is defined as
· if  or , according to UE reported capability, with  of table 5.4-2, if codebookType is set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with  resources
Table 5.4-2: CSI computation delay requirement 2


Z1 [symbols]
Z2 [symbols]
Z3 [symbols]

Z1
Z'1
Z2
Z'2
Z3
Z'3
0
22
16
40
37
22
X0


From TS38.214 specification we can find 2 timing requirements for typeII-CJT-r18
1) Next uplink symbol after the end of PDCCH triggering the CSI report after  (77) symbols.
2) Next uplink symbol after the end of any CSI-RS resources associated to CSI report after  (74) symbols.
From the draft CR in the previous meeting, we can find PDCCH and CSI-RS resource configurations.
1) 2-symbol PDCCH → 12 symbols remain in the triggering slot
2) NZP CSI-RS resources in CDM4 (FD2, TD2) configuration in slots 5 and 9 → With TD2 in symbols 5, 6, 9 and 10 → 3 symbols remain in the CSI-RS slot after the last symbol of CSI-RS resources
Processing time in slots can be calculated by subtracting remaining symbols in the current slot from total number of symbols in requirement and then check how many slots are needed for remaining symbols of requirement.
1) PDCCH requirement:  = 5 slots
2) CSI-RS resource requirement:  = 6 slots 
To fulfil CSI-RS resource timing requirement, 6 full slots after the CSI-RS slot are needed. We assume CSI report needs full slot time allocation starting from the first symbol of uplink slot. Therefore, UE and BS/TE processing times are 7 slots each, meaning CQI/RI/PMI delay is 14ms.
We have assumed UE and BS/TE processing times are 7 slots each, meaning CQI/RI/PMI delay is 14ms, in our CJT simulations. We would like to confirm that this is common assumption of all companies.
Proposal #11: We propose to confirm CQI/RI/PMI delay is 14ms and all companies have assumed this is simulations.



3 Conclusion
In this paper we provided the view on the MIMO evolution downlink requirements. The following observations and proposals are made:
Proposals and observations of predicted PMI
Observation #1: No prediction gains in FDD simulations probably due to too many allocated PDSCH slots.
Observation #2: Some prediction gains in TDD simulations with both doppler options.
Observation #3: Higher prediction gains in TDD simulations with 10Hz doppler compared to 20Hz.
Proposal #1: We propose to use only 2 first allocated PDSCH slots, like in TDD, to improve prediction accuracy.
Proposal #2: We propose to use TDLA30-20 channel for FR1 FDD.
Proposal #3: We propose to use TDLA30-10 channel for FR1 TDD.
Proposal #4: We propose gamma value 1.6 for FR1 FDD 4Rx test, if keep the current configuration.
Proposal #5: We propose gamma value 1.4 for FR1 FDD 2Rx test, if keep the current configuration.
Proposal #6: We propose gamma value 3.9 for FR1 TDD 4Rx test.
Proposal #7: We propose gamma value 4.2 for FR1 TDD 2Rx test.
Proposal #8: To fix the timing mismatch between the prediction reference and precoder usage in PDSCH transmission, we propose sending LS to RAN1 to request update to specifications with extended delta parameter options.

Proposals and observations of CJT
Observation #4: We see feasible gamma and SNR values in both 4Rx and 2Rx tests.
Proposal #9: We propose gamma value 1.6 for FR1 FDD 4Rx test.
Proposal #10: We propose gamma value 1.7 for FR1 FDD 2Rx test.
Proposal #11: We propose to confirm CQI/RI/PMI delay is 14ms and all companies have assumed this is simulations.
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