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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 covered in Chapter 2.3. Next, enhancements of CSI acquisition for CJT will be covered in Chapter 2.4. Finally, larger number of orthogonal DMRS ports for downlink MU‑MIMO will be covered 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 if CSI requirements are needed for codebook enhancement for UE predicated PMI
Agreement:
· Study the feasibility of introducing PMI reporting requirements with ‘typeII-Doppler-r18’ (FR1 only).
· FFS for test metric
· FFS for simulation assumptions

We have done some initial simulations [3] with using parameter proposals from the previous meeting [2]. Our expectation of feasible test is where Config 1 (K=4, N4=4, Q=2, m=d=2) can outperform Config 3 (K=1, N4=1, Q=1, m=d=8) with reasonable margin and justify usage of new feature in such scenario. Otherwise, new feature would have higher signalling overhead for nothing. In our initial simulations Config 1 cannot outperform Config 3.
Proposal #1: We propose as one criteria of feasibility to be find test parameters where Config 1 (K=4, N4=4, Q=2, m=d=2) can outperform Config 3 (K=1, N4=1, Q=1, m=d=8).
This feature assumes that the UE predicts the complex downlink MIMO channel based on multiple CSI-RS slots. Prediction requires combining CSI-RS channel estimates over a long-time span that could be well above 10ms (subject to CSI-RS configuration). This sets new long-term carrier phase coherence requirements to the UE RX. We believe there are RF related behavioural impacts that may reduce the theoretical prediction performance. The impairments need to be carefully studied and modelled before the feasibility of channel prediction can be confirmed.
Proposal #2: We propose that the impairments need to be carefully studied and modelled before the feasibility of channel prediction can be confirmed.

Issue 1-1-4: clarify if CSI requirements are needed for codebook enhancement for CJT
Agreement:
· Study the feasibility of introducing PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only).
· Focus on 2TRP only
· FFS for test metric
· FFS for simulation assumptions

For CJT, maintaining adequate carrier phase coherence over multiple milliseconds between TRPs that employ independent clocks, is probably unfeasible as described in [4, Chapter 2.1.3]. Due to carrier phase drift, it is likely that the coherence is severely compromised within the time frame of CSI report period and reporting delay. To our understanding, the feasible use case for CJT is when the TRPs are located at the same site and share a common carrier reference clock. Thus, for a potential RAN4 test case, it is realistic to assume perfect carrier phase coherence and (almost) zero time and Doppler offset between the TRPs. However, we see that we need to first understand which network deployment options are in scope of RAN4 work.
Proposal #3: We propose to discuss WI scope of network deployment if the same site with shared carrier reference clock can be assumed or not.

Issue 1-1-6: clarify if demodulation requirements are needed for increased number of orthogonal DMRS ports
Agreement:
· Introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario. Select limited case(s) from the legacy PDSCH cases to reuse the test configurations, but change the DRMS port configuration to configure the new defined DMRS ports for no more than 4 DMRS ports
· FFS for applicability rule to be defined that UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports 
· Companies are encouraged to propose the test case(s) to be reused.

We see that applicability rule to UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports should be defined to limit total test efforts.
Proposal #4: We propose to define applicability rule to UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports.





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:
· For channel model: TDLA30
· For maximum Doppler frequency: 
· Option 1: 240Hz
· Option 2: 100Hz
· Other options are not precluded

We have done some initial simulations [3] with using parameter proposals from the previous meeting [2]. Our expectation of feasible test is where Config 1 (K=4, N4=4, Q=2, m=d=2) can outperform Config 3 (K=1, N4=1, Q=1, m=d=8) with reasonable margin and justify usage of new feature in such scenario. In our initial simulations Config 1 cannot outperform Config 3. Therefore, we may need to consider other channel conditions proposed in the previous meeting.
We are wondering if Enhanced Type II codebook for predicted PMI works as intended in TDL channel or would CDL channel be needed to achieve feasible performance in high/medium UE velocities.
Proposal #5: We need further study to find feasible test scenario.

Issue 2-1-2: Correlation configurations
Way forward:
· Option 1: XP Medium as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded

We see that XP Medium as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #6: We support Option 1.

Issue 2-1-3: N1, N2, O1, O2 and the number of CSI-RS ports
Way forward:
· Option 1: Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for Rel-18 TypeII Doppler PMI test.
· Other options are not precluded

We see that the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #7: We support Option 1.

Issue 2-1-4: paramCombination-Doppler-r18
Way forward:
· Option 1: Set paramCombination-Doppler-r18 as 7 (L=4, pυ=1/2, β=1/2) as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded

We see that paramCombination-Doppler-r18 as 7 (L=4, pυ=1/2, β=1/2) as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #8: We support Option 1.

Issue 2-1-5: RI restriction (typeII-Doppler-RI‑Restriction-r18)
Way forward:
· Option 1: Set RI restriction as 0010 for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded

We see that using Rank2 for Rel-18 TypeII Doppler PMI test would be sufficient.
Proposal #9: We support Option 1.

Issue 2-1-6: N4 configuration
Way forward:
· Option 1: N4=4
· Option 2: N4=1
· Other options are not precluded

We see that N4 > 1 configuration would be needed to properly test Rel-18 TypeII Doppler PMI.
Proposal #10: We support Option 1.

Issue 2-1-7: K (number of NZP CSI-RS resources)
Way forward:
· Option 1: Set K=4 as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded

We see that K=4 as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #11: We support Option 1.

Issue 2-1-8: m (separation between two consecutive CSI-RS resources) and d (DD unit duration (in slots)
Way forward:
· Depending on N4
· Option 1: For N4>1, set m and d as 2 as a starting point for Rel-18 TypeII Doppler PMI test.
· Other options are not precluded
· Note: Not configure m and d if N4=1

We see that for N4>1, set m and d as 2 as a good starting point for Rel-18 TypeII Doppler PMI test. Furthermore, we do not see need to N4=1 configuration as already indicated in Issue 2-1-6.
Proposal #12: We support Option 1.

Issue 2-1-9: delta (slot associated with CSI report)
Way forward:
· Option 1: Set delta as 1 as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded

We see that delta as 1 as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #13: We support Option 1.

Issue 2-1-10: MCS
Way forward:
· Option 1: MCS20 (64QAM, 0.55) 
· Other options are not precluded

We see MCS20 as a good starting point for Rel-18 TypeII Doppler PMI test.
Proposal #14: We support Option 1.

Issue 2-1-11: CSI-RS configuration
Way forward:
· Option 1: Periodic with periodicity 5 slots and offset 1 slot
· Other options are not precluded

We assume that for high doppler scenario we may need denser CSI-RS allocation in time domain. Therefore, we suggest studying also aperiodic CSI-RS with 2 slot periodicity.
Proposal #15: We propose to study also aperiodic CSI-RS with 2 slot periodicity.

Issue 2-1-12: other parameters
Way forward:
· Option 1: follow below table
Parameter
Value
Channel bandwidth and subcarrier spacing
For FDD, 10MHz/15kHz
For TDD, 40MHz/30kHz
TDD DL-UL configuration
FR1.30-1 as specified in 38.101-4 Annex A.
Number of UE receiver antennas
2 and 4
R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18)
1


We are fine with proposed other parameters.
Proposal #16: We support Option 1.

Issue 2-1-13: Test metric
Way forward:
· Option 1: For PMI reporting tests with Type II codebook for predicted PMI, use the test metric defined as  as the starting point, 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.
Proposal #17: We support Option 1 as a starting point.

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 2-2-1: Propagation channel and correlation configuration
Way forward:
· Option 1: Use TDLA30-10 with XP high as the propagation channel and correlation configuration for Rel-18 TypeII for CJT test.
· Other options are not precluded

We see TDLA30-10 with XP high as the propagation channel and correlation configuration as a good starting point for Rel-18 TypeII for CJT test.
Proposal #18: We support Option 1.

Issue 2-2-2: K (numberOfCSI-RS-Resources), NTRP (Number of TRPs) and restrictedCMR-Selection
Way forward:
· Option 1: Set K=2 CSI-RS resources, NTRP=2 TRPs and configure parameter restrictedCMR-Selection to restrict the number of selected CSI-RS resources is N=NTRP for Rel-18 TypeII for CJT PMI test. 
· Other options are not precluded

We see K=2 CSI-RS resources, NTRP=2 TRPs and configure parameter restrictedCMR-Selection to restrict the number of selected CSI-RS resources is N=NTRP as a good starting point for Rel-18 TypeII for CJT test.
Proposal #19: We support Option 1.

Issue 2-2-3: 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) as a starting point 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 a good starting point for Rel-18 TypeII for CJT test.
Proposal #20: We support Option 1.

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. We would like to have more time to analyse these options with simulations. Due to short preparation time for this meeting, we did not finish simulations yet.
Proposal #21: We propose to keep this open to give more time to study.

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. We would like to have more time to analyse these options with simulations. Due to short preparation time for this meeting, we did not finish simulations yet.
Proposal #22: We propose to keep this open to give more time to study.

Issue 2-2-6: RI restriction (typeII-CJT-RI‑Restriction-r18)
Way forward:
· Option 1: Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test. 
· Other options are not precluded

We see Rank1 per TRP as a good starting point for Rel-18 TypeII for CJT test.
Proposal #23: We support Option 1.

Issue 2-2-7: codebookMode
Way forward:
· Option 1: Set codebookMode as Mode2 for Rel-18 TypeII for CJT test. 
· Other option (i.e., Mode1) is not precluded

We see that codebookMode as Mode2 as a good starting point for Rel-18 TypeII for CJT test. However, we would like to keep Mode1 as FFS until we finish feasibility study with conclusions to have enough knowledge of coherence.
Proposal #24: We support Option 1 as a starting point.
Proposal #25: We propose to keep Mode1 as FFS until we will finish feasibility study with conclusions.

Issue 2-2-8: other parameters
Way forward:
· Option 1: follow below table
Parameter
Value
Channel bandwidth and subcarrier spacing
For FDD, 10MHz/15kHz
TDD DL-UL configuration
FR1.30-1 as specified in 38.101-4 Annex A.
Number of UE receiver antennas
2 and 4
R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18)
1


We are fine with proposed other parameters.
Proposal #26: We support Option 1.

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.
Proposal #27: We support Option 1 as a starting point.

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 2-3-1: DMRS configuration type and length
Way forward:
· Option 1: Rel-18 DMRS configuration Type 1 with length 1
· Other options are not precluded

We see Rel-18 DMRS configuration Type 1 with length 1 as a good starting point for Rel-18 DMRS test.
Proposal #28: We support Option 1.

Issue 2-3-2: DMRS ports
Way forward:
· Option 1: DMRS ports introduced by Rel-18
· {1008} if Rank 1 test is selected
· {1008, 1009} if Rank 2 test is selected
· {1008-1010} if Rank 3 test is selected
· {1008-1011} if Rank 4 test is selected
· Other options are not precluded

We see DMRS port proposals of Option 1 as a good starting point for Rel-18 DMRS test.
Proposal #29: We support Option 1.

Issue 2-3-3: Propagation channel
Way forward:
· Option 1: RAN4 to consider low delay spread channels such as TDLA30 for PDSCH demodulation performance requirements.
· Other options are not precluded

We see low delay spread channels such as TDLA30 as a good starting point for Rel-18 DMRS test.
Proposal #30: We support Option 1.

We propose to define one test for each Rank 1, 2, 3 and 4. We propose to use existing tests from Chapter 5.2.3.1.1 Minimum requirements for PDSCH Mapping Type A. We see that tests 1-3, 2-1, 3-1 and 4-1 would be good tests to verify Rel-18 DMRS performance. These tests are listed in Table 5.2.3.1.1-3, 5.2.3.1.1-4, 5.2.3.1.1-5 and 5.2.3.1.1-6 taken from 38.101-4.
[bookmark: _Hlk149905312]Table 5.2.3.1.1-3: Minimum performance for Rank 1
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-3
	R.PDSCH.1-4.1 FDD
	10 / 15
	256QAM, 0.82
	TDLA30-10
	2x4, ULA Low
	70
	21.0



Table 5.2.3.1.1-4: Minimum performance for Rank 2
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	13.5



Table 5.2.3.1.1-5: Minimum performance for Rank 3
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	3-1
	R.PDSCH.1-2.3 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	11.0



Table 5.2.3.1.1-6: Minimum performance for Rank 4
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	4-1
	R.PDSCH.1-2.4 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	15.6



Proposal #31: We propose to define one test for each Rank 1, 2, 3 and 4.
Proposal #32: We propose to use existing tests from Chapter 5.2.3.1.1 Minimum requirements for PDSCH Mapping Type A.
Proposal #33: We propose to use following existing tests as baseline for Rel-18 DMRS tests
· Test 1-3 for Rank 1
· Test 2-1 for Rank 2
· Test 3-1 for Rank 3
· Test 4-1 for Rank 4


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:
Proposal #1: We propose as one criteria of feasibility to be find test parameters where Config 1 (K=4, N4=4, Q=2, m=d=2) can outperform Config 3 (K=1, N4=1, Q=1, m=d=8).
Proposal #2: We propose that the impairments need to be carefully studied and modelled before the feasibility of channel prediction can be confirmed.
Proposal #3: We propose to discuss WI scope of network deployment if the same site with shared carrier reference clock can be assumed or not.
Proposal #4: We propose to define applicability rule to UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports.
Proposal #5: We need further study to find feasible test scenario.
Proposal #6: We support Option 1.
Proposal #7: We support Option 1.
Proposal #8: We support Option 1.
Proposal #9: We support Option 1.
Proposal #10: We support Option 1.
Proposal #11: We support Option 1.
Proposal #12: We support Option 1.
Proposal #13: We support Option 1.
Proposal #14: We support Option 1.
Proposal #15: We propose to study also aperiodic CSI-RS with 2 slot periodicity.
Proposal #16: We support Option 1.
Proposal #17: We support Option 1 as a starting point.
Proposal #18: We support Option 1.
Proposal #19: We support Option 1.
Proposal #20: We support Option 1.
Proposal #21: We propose to keep this open to give more time to study.
Proposal #22: We propose to keep this open to give more time to study.
Proposal #23: We support Option 1.
Proposal #24: We support Option 1 as a starting point.
Proposal #25: We propose to keep Mode1 as FFS until we will finish feasibility study with conclusions.
Proposal #26: We support Option 1.
Proposal #27: We support Option 1 as a starting point.
Proposal #28: We support Option 1.
Proposal #29: We support Option 1.
Proposal #30: We support Option 1.
Proposal #31: We propose to define one test for each Rank 1, 2, 3 and 4.
Proposal #32: We propose to use existing tests from Chapter 5.2.3.1.1 Minimum requirements for PDSCH Mapping Type A.
Proposal #33: We propose to use following existing tests as baseline for Rel-18 DMRS tests
· Test 1-3 for Rank 1
· Test 2-1 for Rank 2
· Test 3-1 for Rank 3
· Test 4-1 for Rank 4
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