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Background
During RAN4#110 meeting, WF [1] on NR_MIMO_evo_DL_UL_demod was approved. In this contribution, we share our views about UE demodulation requirements for MIMO evolution.
Discussion
Test set-up and simulation assumptions for TypeII Doppler
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.



Firstly, we confirm to select K=4 for TypeII Doppler codebook. For the N4 value, based on our evaluation on the test setup in clause 2.1.4 and 2.1.5, both N4=4 and N4=1 are feasible. Also based on our simulation results in our accompany paper, there are enough performance gain for both N4=4 and N4=1. Considering N4=1 is the basic feature, we slightly prefer to select N4=1 for TypeII Doppler codebook to define the minimum performance requirements.
Select N4=1 for TypeII Doppler codebook to define the minimum performance requirements.
X% of the maximum throughput in Test metric
	Way forward:
· Option 1: 60%
· Option 2: 90%
· Other options are not precluded.



For the test metric, X = 90% can be reused as the same value as Rel-16 legacy cases considering that there is enough large performance gain at that point between typeII-Doppler-r18 codebook and Rel-16 eType II codebook.
Select the test metric as X = 90% for the TypeII Doppler codebook.
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.



Based on our simulation results, we propose to select the gamma as 1.2 for the TypeII Doppler codebook.
Select the gamma as 1.2 for the TypeII Doppler codebook.
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.



Based on TS38.214, UE computation time is up to N4 value and different UE capability. Since we are defining the minimum requirements, the larger UE computation time should be considered between different UE capability. Therefore, we have the following two cases.
In case of N4=1 for TDD 30kHz SCS, the time interval between the last CSI-RS resource and corresponding CSI report should larger than 72 symbols, i.e. before slot#n-6 for the last CSI-RS resource, slot#n for corresponding CSI report and after slot#n+6 for applying. So we propose the following pattern: CSI-RS is transmitted in slot#10n+{0, 1, 2, 3}, CSI report is transmitted in slot#10n+9 to estimate precoder in slot#10n+10, BS apply the estimated precoder in slot#10n+{15, 16}.
[image: ]
In case of N4>1 for TDD 30kHz SCS, the time interval between the last CSI-RS resource and corresponding CSI report should larger than 141 symbols, i.e. before slot#n-11 for the last CSI-RS resource, slot#n for corresponding CSI report and after slot#n+11 for applying. So we propose the following pattern: CSI-RS is transmitted in slot#10n+{0, 2, 4, 6}, CSI report is transmitted in slot#10n+19 to estimate precoder in slot#10n+{20, 22, 24, 26}, BS apply the {2nd, 3rd ,4th} estimated precoder in slot#10n+{31, 33, 35} respectively.
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For TypeII-Doppler-r18 codebook, in case of N4=1 for TDD 30kHz SCS, CSI-RS is transmitted in slot#10n+{0, 1, 2, 3}, CSI report is transmitted in slot#10n+9 to estimate precoder in slot#10n+10, BS apply the estimated precoder in slot#10n+{15, 16}.
For TypeII-Doppler-r18 codebook, in case of N4>1 for TDD 30kHz SCS, CSI-RS is transmitted in slot#10n+{0, 2, 4, 6}, CSI report is transmitted in slot#10n+19 to estimate precoder in slot#10n+{20, 22, 24, 26}, BS apply the {2nd, 3rd ,4th} estimated precoder in slot#10n+{31, 33, 35} respectively.
Test setup for FR1 FDD case of TypeII-Doppler-r18 codebook
	Way forward:
· Option 1:
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· Option 2:
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· Other options are not precluded.



Based on TS38.214, UE computation time is up to N4 value and different UE capability. Since we are defining the minimum requirements, the larger UE computation time should be considered between different UE capability. Therefore, we have the following two cases.
In case of N4=1 for FDD 15kHz SCS, the time interval between the last CSI-RS resource and corresponding CSI report should larger than 40 symbols, i.e. before slot#n-4 for the last CSI-RS resource, slot#n for corresponding CSI report and after slot#n+4 for applying. So we propose the following pattern: CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+10 to estimate precoder in slot#8n+11, BS apply the estimated precoder in slot#8n+{15, 17, 19, 21}.
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In case of N4>1 for FDD 15kHz SCS, the time interval between the last CSI-RS resource and corresponding CSI report should larger than 77 symbols, i.e. before slot#n-7 for the last CSI-RS resource, slot#n for corresponding CSI report and after slot#n+7 for applying. So we propose the following pattern: CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+13 to estimate precoder in slot#8n+{14, 16, 18, 20}, BS apply the {1st, 2nd, 3rd ,4th} estimated precoder in slot#8n+{21, 23, 25, 27} respectively.
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For TypeII-Doppler-r18 codebook, in case of N4=1 for FDD 15kHz SCS, CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+10 to estimate precoder in slot#8n+11, BS apply the estimated precoder in slot#8n+{15, 17, 19, 21}.
For TypeII-Doppler-r18 codebook, in case of N4>1 for FDD 15kHz SCS, CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+13 to estimate precoder in slot#8n+{14, 16, 18, 20}, BS apply the {1st, 2nd, 3rd ,4th} estimated precoder in slot#8n+{21, 23, 25, 27} respectively.
Test set-up and simulation assumptions for TypeII CJT
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.



For N1, N2, O1, O2 and the number of CSI-RS ports, we confirm to 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.
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.
RI restriction
	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.



Based on our simulation results, both rank 1 and rank 2 are feasible. We slightly prefer to select rank 1, i.e. RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
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 simulation results, both MCS 13 and MCS 20 are feasible. We slightly prefer to select MCS13 for Rel-18 TypeII for CJT PMI test.
Select MCS 13 for Rel-18 TypeII for CJT PMI test.
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.



Based on our simulation results, we are OK to select the gamma as 1.8 for the TypeII CJT codebook.
Select the gamma as 1.8 for the TypeII CJT codebook.
TRS configuration in CJT
	Way forward:
· Option 1: One TRS for both TRPs
· Option 2: separate TRS for each TRP



From our understanding, when UE receives PDCCH/PDSCH from both TRPs with CJT mode, it should be same QCL information between PDCCH/PDSCH and the associated TRS (TCI state), that means one TRS should be transmitted for both TRPs.
One TRS for both TRPs for TRS configuration in CJT.
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



For the beam steering modelling, we prefer to reuse the same modelling as Rel-16 eTypeII PMI reporting requirements, i.e. dual cluster beams defined in Annex B.2.3.2.3A.
Select dual cluster beams defined in Annex B.2.3.2.3A for TypeII-CJT-r18 PMI reporting requirements
1.1.1 Test setup for FR1 FDD case of TypeII-CJT-r18 codebook
Based on TS38.214, UE computation time is up to different UE capability. Since we are defining the minimum requirements, the larger UE computation time should be considered between different UE capability. Therefore, in case of FDD 15kHz SCS, the time interval between the last CSI-RS resource and corresponding CSI report should larger than 77 symbols, i.e. before slot#n-7 for the last CSI-RS resource, slot#n for corresponding CSI report and after slot#n+7 for applying. So we propose the following pattern: CSI-RS is transmitted in slot#5n+1, CSI report is transmitted in slot#5n+8, BS apply the corresponding precoder in slot#5n+{15, 17, 18, 19}, and PDSCH transmission in slot#20k should be skipped that is used for SSB transmission.
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For TypeII-CJT-r18 codebook, in case of FDD 15kHz SCS, CSI-RS is transmitted in slot#5n+1, CSI report is transmitted in slot#5n+8, BS apply the corresponding precoder in slot#5n+{15, 17, 18, 19}, and PDSCH transmission in slot#20k should be skipped that is used for SSB transmission.
Test set-up and simulation assumptions for Rel-18 DMRS
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



Based on our simulation results in our accompany paper, there is negligible performance difference between the cases using legacy DMRS ports and the new DMRS ports. Therefore, we propose to reuse legacy value for increased number of orthogonal DMRS ports performance requirements.
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Figure 2.3-1 Simulation results using legacy DMRS ports and the new DMRS ports
Table 2.3.1-1 Simulation results using legacy DMRS ports and the new DMRS ports
	Duplex
	SCS
	Rank
	Antenna configuration
	SNR @ 70% of maximum throughput

	
	
	
	
	eType 1
	type 1
	Diff

	FDD
	15kHz
	2
	2x2
	16.15
	16.14
	0.01

	FDD
	15kHz
	4
	4x4
	12.49
	12.50
	0.01

	TDD
	30kHz
	2
	2x2
	16.17
	16.18
	0.01

	TDD
	30kHz
	4
	4x4
	12.72
	12.72
	0.00



Reuse legacy value for increased number of orthogonal DMRS ports performance requirements.
Proposals
In this contribution, we discuss on UE demodulation requirements for MIMO evolution. Our observations and proposals are:
1. Select N4=1 for TypeII Doppler codebook to define the minimum performance requirements.
Select the test metric as X = 90% for the TypeII Doppler codebook.
Select the gamma as 1.2 for the TypeII Doppler codebook.
For TypeII-Doppler-r18 codebook, in case of N4=1 for TDD 30kHz SCS, CSI-RS is transmitted in slot#10n+{0, 1, 2, 3}, CSI report is transmitted in slot#10n+9 to estimate precoder in slot#10n+10, BS apply the estimated precoder in slot#10n+{15, 16}.
For TypeII-Doppler-r18 codebook, in case of N4>1 for TDD 30kHz SCS, CSI-RS is transmitted in slot#10n+{0, 2, 4, 6}, CSI report is transmitted in slot#10n+19 to estimate precoder in slot#10n+{20, 22, 24, 26}, BS apply the {2nd, 3rd ,4th} estimated precoder in slot#10n+{31, 33, 35} respectively.
For TypeII-Doppler-r18 codebook, in case of N4=1 for FDD 15kHz SCS, CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+10 to estimate precoder in slot#8n+11, BS apply the estimated precoder in slot#8n+{15, 17, 19, 21}.
For TypeII-Doppler-r18 codebook, in case of N4>1 for FDD 15kHz SCS, CSI-RS is transmitted in slot#8n+{0, 2, 4, 6}, CSI report is transmitted in slot#8n+13 to estimate precoder in slot#8n+{14, 16, 18, 20}, BS apply the {1st, 2nd, 3rd ,4th} estimated precoder in slot#8n+{21, 23, 25, 27} respectively.
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.
Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
Select MCS 13 for Rel-18 TypeII for CJT PMI test.
Select the gamma as 1.8 for the TypeII CJT codebook.
One TRS for both TRPs for TRS configuration in CJT.
Select dual cluster beams defined in Annex B.2.3.2.3A for TypeII-CJT-r18 PMI reporting requirements
For TypeII-CJT-r18 codebook, in case of FDD 15kHz SCS, CSI-RS is transmitted in slot#5n+1, CSI report is transmitted in slot#5n+8, BS apply the corresponding precoder in slot#5n+{15, 17, 18, 19}, and PDSCH transmission in slot#20k should be skipped that is used for SSB transmission.
Reuse legacy value for increased number of orthogonal DMRS ports performance requirements.
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