Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG4 Meeting #110	R4-2401754
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Athens, Greece, 26 February – 1 March 2024

Agenda Item:	8.21.4.1
Source:	Ericsson
Title:	UE demodulation and CSI reporting requirements for MIMO evolution
Document for:	Discussion
1	Introduction
RAN4#109 agreed with the way forward on MIMO evolution for Downlink and Uplink [1]. We continue to discuss the scope of the UE demodulation and CSI reporting requirements for Rel-18 MIMO evolution.  
2	Reference signal enhancement
2.1	Test cases
RAN4 has agreed to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS by reusing the existing SU-MIMO PDSCH demodulation requirements, but not decided which test cases to be reused.
	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}

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



	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

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



Since RAN1 increased the number of DMRS ports as shown in Appendix A.1, we think the basic PDSCH demodulation requirements defined in Rel-15 are good candidates. Considering the test coverage to support up to 4 layers, we have selected the test cases listed in Table 1 and evaluated the performance difference between Rel-15 DMRS and Rel-18 enhanced DMRS configurations. 
[bookmark: _Ref149565670]Table 1	Test case list for evaluation (DMRS type 1, FDD, CBW=10MHz, SCS=15kHz)
	Tests in TS 38.101-4
	Test number
	Rank
	MCS
	Propagation condition
	Antenna configuration
	DMRS ports (Rel-15)
	DMRS ports

	Table 5.2.2.1.1-3
	1-2
	1
	QPSK, 0.30
	TDLC300-100
	2x2 Low
	1000
	1008

	Table 5.2.2.1.1-4
	2-1
	2
	64QAM, 0.50
	TDLA30-10
	2x2 Low
	1000, 1001
	1008, 1009

	Table 5.2.3.1.1-5
	3-1
	3
	16QAM. 0.43
	TDLA30-10
	4x4 Low
	1000, 1001, 1002
	1008, 1009, 1010

	Table 5.2.3.1.1-6
	4-1
	4 (Option 1)
	16QAM, 0.43
	TDLA30-10
	4x4 Low
	1000, 1001, 1002, 1003
	1008, 1009, 1010, 1011

	Table 5.2.3.1.1-6
	4-1
	4 (Option 2)
	16QAM, 0.43
	TDLA30-10
	4x4 Low
	1000, 1001, 1002, 1003
	1000, 1001, 1008, 1009



Figure 1 illustrates the comparison of the DMRS port allocation between Rel-15 and Rel-18 DMRS type 1. As shown in the figure, 4 DMRS ports can share one resource element in Rel-18 enhanced DMRS type 1, although two DMRS ports share one resource element in Rel-15 DMRS Type 1. To reuse the Rel-15 demodulation requirements, we think it is appropriate to configure that 1 or 2 DMRS ports share one resource element. See the DMRS ports in Table 1 for evaluation.
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	(a) Rel-15 DMRS type 1 
	(b) Rel-18 enhanced DMRS type 1


[bookmark: _Ref149565375]Figure 1	Comparison of DMRS port allocation between Rel-15 DMRS Type 1 and Rel-18 enhanced DMRs Type 1.
Figure 2 shows our simulation results comparing Rel-15 and Rel-18 DMRS type 1 configurations according to Table 1. As shown in the results, we don’t observe any performance difference between two DMRS configurations. According to the simulation results, we do not observe the performance difference even if TDLC100-300.
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	(a) QPSK 0.3, rank 1
	(b) 64QAM 0.50, rank 2
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	(c) 16QAM 0.48, rank 3
	(d) 16QAM 0.48, rank 4



[bookmark: _Ref149566967]Figure 2	Simulation results with Rel-15 and Rel-18 DMRS type 1.
Regarding the rank 4 scenario, RAN4 considered two options: Option 1 for 2 DMRS ports per CDM group {1008-1011} and Option 2 for 4 DMRS ports in one CDM group {1001, 1002, 1008, 1009}. The benefit of Option 2 is the more efficient from resource utilization, but it requires a new FRC. 
Figure 2 (d) compares the performance among Rel-15 DMRS, Rel-18 enhanced DMRs option 1 and option 2. Since the maximum throughput of Rel-18 enhanced DMRs option 2 is different from Rel-15 DMRS and Rel-18 enhanced DMRS option 1, our results show the relative throughput to evaluate 70% of the peak rate. The simulation result shows no performance difference between Rel-15 DMRS and Rel-18 enhanced DMRS option 1. On the other hand, it is observed the SNR to achieve 70% of the peak rate with Option 2 (SNR=12.1dB) is slight worse than Option 1 (SNR=12.0dB), but we think it is negligible considering the margin added when RAN4 set the requirements. Since this is functional testing, we slight prefer Option 1 where we can reuse the existing FRC.
Observation 1: No performance difference between Rel-15 and Rel-18 DMRS configurations.
Proposal 1: Select the following test cases to specify UE demodulation requirements with Rel-18 enhanced DMRS type 1 configuration:
· FR1 Rank 1, QPSK 0.3 (Table 5.2.2.1.1-3 Test 1-2 for FR1 FDD 2Rx, Table 5.2.2.2.1-3 Test 2-1 for FR1 TDD 2Rx), DMRS ports = {1008}
· FR1 Rank 2, 64QAM 0.5 (Table 5.2.2.1.1-4 Test 2-1 for FR1 FDD 2Rx, Table 5.2.2.2.1-4 Test 2-1 for FR1 TDD 2Rx), DMRS ports = {1008, 1009}
· FR1 Rank 3, 16QAM 0.48 (Table 5.2.3.1.1-5 Test 3-1 for FR1 FDD 4Rx, Table 5.2.3.2.1-5 Test 3-1 for FR1 TDD 4Rx), DMRS ports = {1008, 1009, 1010}
· FR1 Rank 4, 16QAM 0.48 (Table 5.2.3.1.1-6 Test 4-1 for FR1 FDD 4Rx, Table 5.2.3.2.1-6 Test 4-1 for FR1 TDD 4Rx), DMRS ports = {1008, 1009, 1010, 1011}
· FR2-1 Rank 1, QPSK 0.3 (Table 7.2.2.2.1-3 Test 1-1 for FR2-1 TDD 2Rx), DMRS ports = {1008}
· FR2-1 Rank 2, QPSK 0.3 (Table 7.2.2.2.1-4 Test 2-1 for FR2-1 TDD 2Rx), DMRS ports = {1008, 1009}
As we discussed in the last meeting, we can discuss further to reduce the test cases, but if we consider the test applicability rule below, we can maintain the same number of test cases.
2.2	Test applicability
	Issue 1-1-5: clarify if applicability rules are needed for demodulation requirements of Rel-18 DMRS ports
Agreement:
· Introduce applicability rules for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the Rel-18 DMRS ports.



Regarding the test applicability, if RAN4 agree to reuse the existing test cases by only replacing the DMRS ports, we think it is reasonable to skip the Rel-15 test cases if UE pass the tests with Rel-18 DMRS configurations.
Proposal 2: Introduce applicability rule that UE can skip the legacy test cases if UE supporting ‘dmrs-TypeEnh’ passes the cases with the Rel-18 enhanced DMRS type 1 configuration.
3	CSI enhancements
3.1	PMI reporting requirement with typeII-Doppler
3.1.1	Test setup
	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.

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. 



RAN4 discussed whether to define PMI reporting requirements with typeII-Doppler-r18, and agreed to study the feasibility first including test metric and test parameters as shown in Table 2 and Table 3.
[bookmark: _Ref145959173]Table 2	Codebook configuration for Type II codebook predicted PMI.
	Parameters
	Values
	Notes

	Codebook type
	typeII-Doppler-r18
	Enhanced Type II codebook for predicted PMI

	paramCombination-Doppler-r18
	7
	, , 
Same as Rel-16 eTypeII tests

	CSI-RS periodicity (slots)
	[2]
	 

	Number of CSI-RS resources (K) 
	4
	For an aperiodic CSI-RS resource set for channel measurement, the K ∈ {4,8,12} CSI-RS resources are triggered by the same triggering instance

	Number of PMIs reported (N4)
	Option 1: 4
Option 2: 1
	N4 ∈ {1,2,4,8}

	Reported slot offset (δ)
	1
	The earliest of the N4 slot intervals starts at slot l=n+δ, where n is the uplink slot in which the CSI is reported.

	Spacing (in slots) between PMIs (d)
	2 (applicable when N4=4)
	Not configured for N4=1
d ∈ {1,m}

	numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18 (R)
	1
	Same as Rel-16 eTypeII tests

	(CodebookConfig-N1, CodebookConfig-N2)
	(4, 2)
	Same as Rel-16 eTypeII tests

	(CodebookConfig-O1, CodebookConfig-O2)
	(4, 4)
	Same as Rel-16 eTypeII tests



[bookmark: _Ref146114343]Table 3	Test setup for Type II codebook predicted PMI.
	Parameters
	Values
	Notes

	FDD/TDD, CBW/SCS
	FR1 FDD 10MHz/15kHz
FR1 TDD 40MHz/30kHz with FR1.30-1
	Evaluate TDD only in this contribution.
TDD pattern: 7D1S2U

	Propagation channel
	Option 1: TDLA30-30
Option 2: TDLA30-50
Option 3: TDLA30-100
	Assuming ~30km/h

	Antenna configuration per TRxP
	XP medium 4 x 2 x 2
	

	UE antenna configuration
	2Rx
4Rx
	Evaluate 2Rx only in this contribution.

	Beamforming model
	As specified in TS38.101-4 B.4.1
	

	Beam steering model
	As specified in TS38.101-4 B.2.3.2.3 or B.2.3.2.3A
	

	CSI reporting type
	Periodic
	

	CSI-Report periodicity
	8 slots for FDD
[10 slots for TDD]
	

	timeRestrictionForChannelMeasurements
	Not configured
	

	timeRestrictionForInterferenceMeasurements
	Not configured
	

	cqi-FormatIndicator
	Wideband
	

	pmi-FormatIndicator
	Subband
	

	CQI/RI/PMI delay
	TBD
	

	PDSCH MCS
	MCS13 (16QAM, 1/2)
	

	PDSCH rank
	2
	

	Maximum number of HARQ transmission
	4
	

	PDSCH DMRS
	{1000, 1001}
	

	PDSCH DMRS configuration
	1+1
	



3.1.2	Evaluation result for N4=4
Figure 3 illustrates the test setup for Option 1 (N4=4 and K=4) to verify the PMI reporting with typeII-Doppler-r18, where we configure CSI-RS every 2 slots and UE reports PMI every 8 slots. Note we do not schedule PDSCH in the slots SSB and CSI-RS are available.
[image: ]
[bookmark: _Ref145957259]Figure 3	Scheduling of the PMI reporting test for typeII-doppler-r18 with N4=4 and K=4. 

Figure 4 (a) shows our simulation results with N4=4 according to the scheduling in Figure 3, and Figure 4 (b) shows the throughput ratio of follow PMI with typeII-Doppler-r18 and typeII-r16. Note, in our simulation, the follow PMI with Rel-16 Type-II reports PMI every 8 slots, although CSI-RS is scheduled every 2 slots, for the fair comparison between typeII-Doppler-r18 and typeII-r16. Our simulation results show the throughput ratio of typeII-Doppler-r18 and typeII-r16 is 1.01 at most. This means, in our observation, the precoding with Rel-16 Type-II PMI is on par with Rel-18 Type-II Doppler when CSI-RS is provided every 2 slots.
Observation 2: Follow PMI with typeII-Doppler-r18 does not show significant gain compared with typeII-r16 with N4=4 and K=4, where CSI-RS is transmitted every 2 slots.
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	(a) PDSCH throughput with follow PMI
	(b) Throughput ratio of follow PMI with typeII-Doppler-r18 and typeII-r16. 



[bookmark: _Ref156830699]Figure 4	Simulation results with N4=4 and K=4.

3.1.3	Evaluation result for N4=1
We have also investigated the performance with Option 2 (N4=1 and K=4). Figure 5 illustrates the test setup for Option 2, where we configure CSI-RS every 5 slots and UE reports PMI every 5 slots. Note we do not schedule PDSCH in the slots SSB and CSI-RS are available.
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[bookmark: _Ref156832160]Figure 5	Scheduling of the PMI reporting test for typeII-doppler-r18 with N4=1 and K=4.

Figure 6 (a) shows our simulation results with N4=1 according to the scheduling in Figure 3, and Figure 6 (b) shows the throughput ratio of follow PMI with typeII-Doppler-r18 and typeII-r16. Note the follow-PMI with Rel-16 Type-II also reports PMI every 5 slots according to the latest CSI-RS transmitted every 5 slots. We also note that we use single beam steering model specified in TS 38.101-4 B.2.3.2.3.
Unlike Option 1 (N4=4), it is seen the significant performance gain of typeII-Doppler-r18 over typeII-r16, more than 1.1, for the case the largest Doppler spread is set to 30Hz.
Observation 3: Follow PMI with typeII-Doppler-r18 shows a certain gain compared with typeII-r16 with N4=1 and K=4, where CSI-RS is transmitted every 5 slots.
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	(a) PDSCH throughput with follow PMI
	(b) Throughput ratio of follow PMI with typeII-Doppler-r18 and typeII-r16. 


[bookmark: _Ref156833076]Figure 6	Simulation results with N4=1 and K=4 (single beam steering model).

We have also evaluated the performance with dual beam steering model specified in TS 38.101-4 B.2.3.2.3A. Figure 7 shows the simulation results, but the results are close to single beam steering model.
Observation 4: No significant performance difference between single beam steering model and dual beam steering model for the evaluation of typeII-Doppler-r18.
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	(a) PDSCH throughput with follow PMI
	(b) Throughput ratio of follow PMI with typeII-Doppler-r18 and typeII-r16. 


[bookmark: _Ref156833645]Figure 7	Simulation results with N4=1 and K=4 (dual beam steering model)
3.1.4	Summary
According to our simulation results, we think it is feasible to define PMI reporting requirements with typeII-Doppler-r18, with the condition N4=1 and K=4.
Proposal 3: Define the PMI reporting requirements with typeII-Doppler-r18.
Proposal 4: For the PMI reporting requirements with typeII-Doppler-r18, configure N4=1 and K=4. Also set CSI-RS periodicity to 5 slots for FDD SCS=15kHz.
We also propose to set the channel model to TDLA30-30 to maximize the throughput gain with typeII-Doppler-r18. 
Proposal 5: Configure the channel model to TDLA30-30.
Since RAN4#109 agreed to use the test metric as the throughput ratio of follow typeII-Doppler-r18 and random typeI-r15, we show the simulation results with follow PMI with typeII-Doppler-r18/typeII-r18 and random PMI with typeI-r15 in Figure 8.
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	(a) PDSCH throughput with follow PMI and R15 random PMI typeI.
	(b) Throughput ratio.


[bookmark: _Ref156835141]Figure 8	Simulation results with N4=1 and K=4 (single beam steering model). 
It is clearly shown the results with follow PMI with typeII-Doppler-r18 and typeII-r16 are much better than the result with random PMI with typeI-r15. If we set the test metric as the throughput ratio of follow typeII-Doppler-r18 and random typeI-r15, it could be possible for UE not reporting the PMI based on K=4 CSI-RS resources to pass the PMI reporting test because of the huge gain.
According to our simulation results, the SNR test point corresponding to 90% of peak rate with follow typeII-Doppler-r18 is about 4.5dB, and the performance gain of follow typeII-Doppler-r18 and follow typeII-r16 is about 1.1 at this point. Although the expected performance gain is small, we think it is still feasible to set the test metric as the throughput ratio of follow typeII-Doppler-r18 and follow typeII-r16.
One of the issues using follow typeII-r16 is that the typeII-r16 is the optional UE feature. However, since typeII-Doppler-r18 is based on typeII-r16, we believe UE supporting typeII-Doppler-r18 should also support typeII-r16. 
Proposal 6: For the PMI reporting requirements with typeII-Doppler-r18, define the test metric as  as a starting point, where  is [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  using the typeII-r16 precoder configured according to the UE reports.
Finally, regarding the beam steering modeling, since the purpose of the PMI test for Doppler is to verify the PMI prediction and we don’t observe any performance difference, we think it is sufficient to configure the single beam cluster model to simplify the test setup.
Proposal 7: For the PMI reporting requirements with typeII-Doppler-r18, apply the single cluster beam steering model as specified in TS 38.101-4 B.2.3.2.3.
3.2	PMI reporting requirement with typeII-CJT
3.2.1	Test setup
	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 same as typeII-Doppler-r18 PMI, RAN4 discussed whether to define PMI reporting requirements with typeII-CJT-r18, and agreed to study the feasibility first including test metric and test parameters. Figure 9 illustrates the transmission model used for Rel-18 PMI reporting test for typeII-CJT-r18. Since typeII-CJT-r18 is designed for the coherent joint transmission, both the TRPs should transmit the same PDSCH signals.


[bookmark: _Ref146551814]Figure 9	Illustration of proposed PMI reporting test configuration for typeII-CJT-r18. 
Table 4 summarizes the configuration options for PMI reporting requirements with typeII-CJT-r18, according to [1], and one of the open issues is whether the configured beams (L1/L2) is 2/2 or 4/4. 
[bookmark: _Ref145936656]Table 4	Codebook configuration for typeII-CJT-r18.
	Parameters
	Values
	Notes

	Codebook type
	typeII-CJT-r18
	Enhanced Type II codebook for CJT

	Number of TPRs (NTRP)
	2
	Configure 2 CSI-RS resources also 

	(CodebookConfig-N1, CodebookConfig-N2)
	(4, 1)
	Same as TypeI tests for sDCI based SDM transmission scheme

	(CodebookConfig-O1, CodebookConfig-O2)
	(4, 1)
	Same as TypeI tests for sDCI based SDM transmission scheme

	paramCombination-CJT-L-r18
(TS 38.214 Table 5.2.2.2.8-1)
	Option 1: 7 ({4, 4})
Option 2: 4 ({2, 2})
	, 
, 
L is same as Rel-15 TypeII tests

	paramCombination-CJT-r18
(TS 38.214 Table 5.2.2.2.8-2)
	Option 1: 4 (if L=4)
Option 2: 1 (if L=2)
	

	numberOfPMI-SubbandsPerCQI-Subband-CJT-r18 (R)
	1
	Same as Rel-16 eTypeII tests

	codebookMode
	Option 1: mode2
	mode1: Per-TRP Wf reporting
mode2: Common Wf reporting



Table 5 also summarizes other test configurations used for PMI reporting tests. Although RAN4 have applied dual customer beam model for TypeII PMI test, we have applied single beam cluster model, specified in TS 38.101-4 B.2.3.2.3, per TRP.  
[bookmark: _Ref145937176]Table 5	Test setup for PMI reporting requirements with typeII-CJT-r18.
	Parameters
	Values
	Notes

	FDD/TDD, CBW/SCS
	FR1 FDD 10MHz/15kHz
	

	Propagation channel
	TDLA30-10
	

	Antenna configuration per TRxP
	XP high 4 x 1 x 2
XP high 4 x 1 x 2
	

	UE antenna configuration
	2Rx
4Rx
	Evaluate 2Rx only

	Beamforming model
	As specified in TS 38.101-4 B.4.1
	

	Beam steering model
	As specified in TS 38.101-4 B.2.3.2.3
	Single beam cluster per TRP

	CSI reporting type
	Aperiodic
	

	timeRestrictionForChannelMeasurements
	Not configured
	

	timeRestrictionForInterferenceMeasurements
	Not configured
	

	cqi-FormatIndicator
	Wideband
	

	pmi-FormatIndicator
	Subbands
	8 PRB

	CQI/RI/PMI delay
	[8]ms for FDD 15kHz
	

	PDSCH transmission scheme
	Same PDSCH signal from both TRPs
	Coherent joint transmission

	PDSCH MCS
	MCS13 (16QAM, 1/2)
	

	PDSCH rank
	2
	

	Maximum number of HARQ transmission
	4
	

	PDSCH DMRS
	{1000, 1001}
	

	PDSCH DMRS configuration
	1+1
	



3.2.2	Simulation results
Figure 10 (a) shows our initial simulation results of 1) follow PMI with typeII-CJT-r18 with L=2, 2) follow PMI with typeII-CJT-r18 with L=4, and 3) random PMI with typeI-r15, where we applied randomly selected typeI precoder per TRP. 
Figure 10 (b) shows the throughput ratio between follow typeII-CJT-r18 and random typeI-r15, as agreed in the WF [1]. If we consider SNR test point corresponding to 90% of peak rate of follow PMI, the test points are around SNR=3.0dB and SNR=6.0dB for L=4 and L=2, respectively. At these test points, the throughput ratios, γ, is γ=2.4 and γ=1.8, for L=4 and L=2, respectively. We think both the options show enough gain to specify the PMI reporting requirements, but we slight prefer to set L=4 in the requirements, considering the more complex scenario.
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	(a) PDSCH throughput with follow PMI and R15 random PMI typeI.
	(b) Throughput ratio.


[bookmark: _Ref157001433]Figure 10		Simulation results with PMI reporting test with typeII-CJT. 

Observation 5: Follow PMI with typeII-CJT-r18 with L=2 and L=4 shows enough performance gain compared with random typeI-r15 precoding in multi-TRP scenario.
Proposal 8: Define the PMI reporting requirements with typeII-CJT-r18. 
Proposal 9: For the PMI reporting requirements with typeII-CJT-r18, configure paramCombination-CJT-L-r18=7 (L=4) and paramCombination-CJT-r18=4.
Proposal 10: For the PMI reporting requirements with typeII-CJT-r18, define the test metric as , where  is [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 per TRP.
Proposal 11: Apply the single cluster beam steering model per TRP as specified in TS 38.101-4 B.2.3.2.3.
 
4	Summary
Observation 1: No performance difference between Rel-15 and Rel-18 DMRS configurations.
Proposal 1: Select the following test cases to specify UE demodulation requirements with Rel-18 enhanced DMRS type 1 configuration:
· FR1 Rank 1, QPSK 0.3 (Table 5.2.2.1.1-3 Test 1-2 for FR1 FDD 2Rx, Table 5.2.2.2.1-3 Test 2-1 for FR1 TDD 2Rx), DMRS ports = {1008}
· FR1 Rank 2, 64QAM 0.5 (Table 5.2.2.1.1-4 Test 2-1 for FR1 FDD 2Rx, Table 5.2.2.2.1-4 Test 2-1 for FR1 TDD 2Rx), DMRS ports = {1008, 1009}
· FR1 Rank 3, 16QAM 0.48 (Table 5.2.3.1.1-5 Test 3-1 for FR1 FDD 4Rx, Table 5.2.3.2.1-5 Test 3-1 for FR1 TDD 4Rx), DMRS ports = {1008, 1009, 1010}
· FR1 Rank 4, 16QAM 0.48 (Table 5.2.3.1.1-6 Test 4-1 for FR1 FDD 4Rx, Table 5.2.3.2.1-6 Test 4-1 for FR1 TDD 4Rx), DMRS ports = {1008, 1009, 1010, 1011}
· FR2-1 Rank 1, QPSK 0.3 (Table 7.2.2.2.1-3 Test 1-1 for FR2-1 TDD 2Rx), DMRS ports = {1008}
· FR2-1 Rank 2, QPSK 0.3 (Table 7.2.2.2.1-4 Test 2-1 for FR2-1 TDD 2Rx), DMRS ports = {1008, 1009}
Proposal 2: Introduce applicability rule that UE can skip the legacy test cases if UE supporting ‘dmrs-TypeEnh’ passes the cases with the Rel-18 enhanced DMRS type 1 configuration.
Observation 2: Follow PMI with typeII-Doppler-r18 does not show significant gain compared with typeII-r16 with N4=4 and K=4, where CSI-RS is transmitted every 2 slots.
Observation 3: Follow PMI with typeII-Doppler-r18 shows a certain gain compared with typeII-r16 with N4=1 and K=4, where CSI-RS is transmitted every 5 slots.
Observation 4: No significant performance difference between single beam steering model and dual beam steering model for the evaluation of typeII-Doppler-r18.
Proposal 3: Define the PMI reporting requirements with typeII-Doppler-r18.
Proposal 4: For the PMI reporting requirements with typeII-Doppler-r18, configure N4=1 and K=4. Also set CSI-RS periodicity to 5 slots for FDD SCS=15kHz.
Proposal 5: Configure the channel model to TDLA30-30.
Proposal 6: For the PMI reporting requirements with typeII-Doppler-r18, define the test metric as  as a starting point, where  is [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  using the typeII-r16 precoder configured according to the UE reports.
Proposal 7: For the PMI reporting requirements with typeII-Doppler-r18, apply the single cluster beam steering model as specified in TS 38.101-4 B.2.3.2.3.
Observation 5: Follow PMI with typeII-CJT-r18 with L=2 and L=4 shows enough performance gain compared with random typeI-r15 precoding in multi-TRP scenario.
Proposal 8: Define the PMI reporting requirements with typeII-CJT-r18. 
Proposal 9: For the PMI reporting requirements with typeII-CJT-r18, configure paramCombination-CJT-L-r18=7 (L=4) and paramCombination-CJT-r18=4.
Proposal 10: For the PMI reporting requirements with typeII-CJT-r18, define the test metric as , where  is [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 per TRP.
Proposal 11: Apply the single cluster beam steering model per TRP as specified in TS 38.101-4 B.2.3.2.3.
[bookmark: _Ref16604413]References
[1] [bookmark: _Ref149598434]R4-2321141, “WF on [109][327] NR_MIMO_evo_DL_UL_demod”, Samsung.
Appendix
A.1	Enhanced DMRS configuration type 1 [TS 38.211 V18.1.0]
Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1.
	
	CDM group 
	
	
	

	1000
	0
	0
	
	

	1001
	0
	0
	
	

	1002
	1
	1
	
	

	1003
	1
	1
	
	

	1004
	0
	0
	
	

	1005
	0
	0
	
	

	1006
	1
	1
	
	

	1007
	1
	1
	
	

	1008
	0
	0
	
	

	1009
	0
	0
	
	

	1010
	1
	1
	
	

	1011
	1
	1
	
	

	1012
	0
	0
	
	

	1013
	0
	0
	
	

	1014
	1
	1
	
	

	1015
	1
	1
	
	




A.2	Codebook configuration [TS 38.214 V18.1.0]
Table 5.2.2.2.10-1: Codebook parameter configurations for   and 
	paramCombination-Doppler-r18
	
	
	

	
	
	
	
	

	1
	2
	1/8 
	1/16 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8 
	¼ 

	4
	4
	¼ 
	¼ 
	¼ 

	5
	4
	¼ 
	¼ 
	½ 

	6
	4
	¼ 
	¼ 
	¾

	7
	4
	½ 
	¼ 
	½ 

	8
	6
	¼ 
	- 
	½ 

	9
	6
	¼ 
	-
	¾ 





Table 5.2.2.2.8-1: Codebook parameter configurations for 
	
	paramCombination-CJT-L-r18
	

	1
	1
	{2}

	
	2
	{4}

	
	3
	{6}

	2
	4
	{2,2}

	
	5
	{2,4}

	
	6
	{4,2}

	
	7
	{4,4}

	3
	8
	{2,2,2}

	
	9
	{2,2,4}

	
	10
	{2,4,2}

	
	11
	{4,2,2}

	
	12
	{4,4,4}

	4
	13
	{2,2,2,2}

	
	14
	{2,2,2,4}

	
	15
	{2,2,4,4}

	
	16
	{4,4,4,4}


	
	Table 5.2.2.2.8-2: Codebook parameter configurations for 
	paramCombination-CJT-r18
	
	

	
	
	
	

	1
	1/8
	1/16
	¼ 

	2
	1/8
	1/16
	½ 

	3
	¼ 
	1/8 
	¼ 

	4
	¼ 
	1/8
	½ 

	5
	¼ 
	¼ 
	¾  

	6
	½ 
	¼ 
	½ 

	7
	½ 
	½  
	½ 


	
	Table 5.2.2.2.8-3: Configurable combinations of  and 
	paramCombination-CJT-L-r18
	paramCombination-CJT-r18

	
	1
	2
	3
	4
	5
	6
	7

	1
	
	
	x
	x
	
	
	

	2
	
	
	x
	x
	x
	x
	

	3
	
	
	
	x
	x
	
	

	4
	x
	
	
	
	
	
	

	5
	x
	
	
	
	
	
	

	6
	x
	
	
	
	
	
	

	7
	
	x
	
	x
	
	
	x

	8
	x
	x
	
	
	
	
	

	9
	x
	x
	
	
	
	
	

	10
	x
	x
	
	
	
	
	

	11
	x
	x
	
	
	
	
	

	12
	x
	x
	x
	x
	x
	
	x

	13
	x
	
	
	
	
	
	

	14
	x
	
	
	
	
	
	

	15
	
	
	
	x
	x
	
	

	16
	
	x
	
	x
	x
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