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1	Introduction
This contribution discusses our initial view on UE demodulation and CSI reporting requirements for WI MIMO evolution for Downlink and Uplink [1][2]. 
2	Feature summary
RAN1 introduced the following features in the WI MIMO evolution for Downlink and Uplink. 
2.1	Multi-TRP enhancements
This feature contains two sub-objectives. One is the unified TCI framework extension for multi-TRP including 1) extension for indication of multiple DL/UL TCI states, 2) simultaneous multi-panel UL transmission, and 3) power control for UL single DCI. The unified TCI framework has been introduced in Rel-17 MIMO enhancement WI and Rel-18 extends of the unified TCI framework to the multi-TRP scenario in this WI. Since RAN4 concluded the unified TCI framework does not affect to UE demodulation and CSI reporting requirements in Rel-17, we don’t think Rel-18 unified TCI framework extension also affects to UE demodulation and CSI reporting requirements. 
Another sub-objective is to support two TAs for multi-DCI. This sub-objective is a UL procedure, and the relevant requirements are discussed in the RRM session. We don’t think it affects to UE demodulation and CSI reporting requirements.
Proposal 1: RAN4 does not define UE demodulation and CSI reporting requirements for the multi-TRP enhancement features.
2.2	CSI enhancements
This feature contains two enhancements on CSI reporting: one for high/medium UE velocities and another one for coherent joint transmission (CJT). 
2.2.1	CSI enhancements for high/medium UE velocities
For the CSI enhancements for high/medium UE velocities, RAN1 has defined a new CSI quantity, time domain channel property (TDCP), which is defined as a correlation between two TRS occasions [2]. RAN4 has already started the discussion on TDCP in the RRM session, and they have already agreed not to define the TDCP measurement delay requirements, but to define the measurement accuracy requirements subject to conclusions of feasibility analysis [3]. We therefore propose not to define the TDCP reporting requirement in TS38.101-4. 
Observation 1: RAN4 RRM is discussing the necessary TDCP reporting requirements. 
Proposal 2: RAN4 does not define TDCP reporting requirements in TS38.101-4.
[bookmark: _Hlk146112719]For the CSI enhancements for high/medium UE velocities, RAN1 also defined new Type II codebook (typeII-Doppler-r18) and Type II port selection codebook (typeII-Doppler-PortSelection-r18) for medium/high UE velocities. The main difference of the new Type II codebook from the Rel-15/16 codebooks is that UE reports the predicted PMI(s) over the configured prediction window size N4{1,2,4,8}. Since RAN4 has defined PMI reporting requirements with Type II codebooks in Rel-16, we propose RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for predicted PMI.
Proposal 3: RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for predicted PMI (typeII-Doppler-r18).
2.2.2	CSI enhancements for CJT
For the CSI enhancements for CJT, RAN1 has defined new Type II codebook (typeII-CJT-r18) and type II port selection codebook (typeII-CJT-PortSelection-r18) for CJT. With these codebooks, UE can report PMI per TRP (configured up to 4 TRPs). Same as the CSI enhancements for high/medium UE velocities, since RAN4 has defined PMI reporting requirements with Type II codebooks in Rel-16, we propose RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for CJT.
Proposal 4: RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for CJT (typeII-CJT-r18).
2.3	Reference signal enhancement
This feature contains two sub-objectives. One is to increase the orthogonal DMRS ports for UL/DL MU-MIMO and for 8 Tx UL SU-MIMO. Another one is SRS enhancements targeting TDD CJT and 8 Tx operation. 
For the increase of orthogonal DMRS ports, RAN1 has defined dmrs-TypeEnh features for DMRS configuration types 1 and 2. With this feature, the maximum number of DMRS ports are increased from 8 to 16 for DMRS Type 1, and from 12 to 24 for DMRS type 2. According to the existing RAN4 UE demodulation requirements in TS38.101-4, the maximum DMRS ports is limited by the UE Rx antennas. Since the maximum number of UE Rx antennas specified in UE RF requirements is 8 in Rel-18, it is not feasible to define PDSCH demodulation requirements with more than 8 DMRS ports and therefore RAN4 does not need to define new PDSCH demodulation requirements with new DMRS configurations.
Another sub-objective is to enhance SRS configuration to support 8 Tx ports or to reduce cross-SRS interference to improve CSI for reciprocity-based downlink CJT. Since these sub-objectives are only related to UL transmission, it does not affect to RAN4 UE demodulation and CSI reporting requirements. 
Proposal 5: RAN4 does not define UE demodulation and CSI reporting requirements for the reference signal enhancement features.
2.4	Enhanced uplink transmission
This feature includes two sub-objectives: one for UL precoding indication for multi-panel transmission and another for SRI/TPMI enhancement for enabling 8 Tx UL transmission. Since both the sub-objectives are only related to UL transmission, it does not affect o RAN4 UE demodulation and CSI reporting requirements. 
Proposal 6: RAN4 does not define UE demodulation and CSI reporting requirements for enhanced uplink transmission features.
3	New PMI reporting requirements
We discuss the simulation assumption based on the existing (e)Type-II PMI reporting requirements to study the feasibility to define the new PMI reporting requirements with new Type II codebooks.
3.1	Type II codebook predicted PMI
RAN4 has defined PMI reporting requirements with Rel-15 Type II codebook (codebookType=typeII) and Rel-16 Enhanced Type II codebook (codebookType=typeII-r16). Because of the limited time units for the performance part in this WI, we prefer to reuse the existing PMI reporting test cases as much as possible. However we observed several issues to reuse the existing Type II PMI reporting test for Rel-18 predicted PMI, especially for TDD scenario.
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[bookmark: _Ref145957258]Figure 1	Possible Rel-18 predicted Type II PMI reporting test setup for TDD SCS=30kHz with aperiodic CSI reporting.
Figure 1 illustrates an example of the Rel-18 predicted PMI reported test setup for TDD with aperiodic CSI reporting. In the existing TDD Type II PMI reporting tests with TDD pattern 7D1S2U, TE triggers aperiodic CSI requests at slot offset 1 and UE reports CSI at slot 9 every 10 slots. Although the predicted PMI can configure up to 4 CSI-RS resources for prediction, because of the UE CSI computation time restriction (Cf. TS38.214 Clause 5.4), N4=2 and d=1 could be possible if we want to get the predicted PMIs in the earliest UL slots. Another issue is the TE transmission methods RAN4 specified in TS38.101-4 Clause B. According to the existing TDD Type II PMI test cases, it is assumed TE applies the reported PMI in slot n+6, where n is the UL slot UE reports CSI. However according to the RAN1 agreements, the UE reports predicted PMI starting from at slot l=n+δ, where n is the UL slot UE reports CSI and δ ∈ {0,1,2}. To verify the prediction, smaller δ is better, but we are not sure all the TE(s) can apply the PMI in the next slot (i.e., δ=1). We are also wondering if we can observe the significant throughput gain with follow PMI compared with e.g., random PMI in high/medium UE speed condition. 
Observation 2: Existing aperiodic CSI based Type II PMI reporting test setup may not be suitable for Rel-18 predicted PMI reported test especially for TDD SCS=30kHz.
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[bookmark: _Ref145957259]Figure 2	Possible Rel-18 predicted Type II PMI reporting test setup for TDD with periodic CSI reporting.
Figure 2 is another example how to verify Rel-18 predicted Type II PMI reporting, where we assume the periodic CSI reporting with periodic CSI-RS configuration. With this configuration, UE predicts the precoder from the received K periodic CSI-RS resources (e.g., K=4), and reports N4=1 PMI in the UL slots periodically. In this example, the periodic CSI-RS resources are scheduled every 5 slots, and UE reports the predicted PMI based on past K CSI-RS resources every 10 slots. TE applies the PMI according to the report until the new reports are received to measure the PDSCH throughput. 
Proposal 7: For evaluation purpose of PMI reporting test with Type II codebook for predicted PMI, configure periodic CSI-RS resources with N4=1 and K=4. The detailed test PMI configurations are listed in Table 1 and Table 2.
[bookmark: _Ref145959173]Table 1	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 configuration
	Periodic 
	

	CSI-RS periodicity and offset
	5/1
	Periodicity: 5 slots
Offset: 1 slot 

	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)
	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)
	N/A
	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 2	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
	TDD pattern: 7D1S2U

	Propagation channel
	TDLC300-100
	Assuming ~30km/h

	Antenna configuration per TRxP
	XP medium 16 x 2
XP medium 16 x 4
	Same as Rel-16 eTypeII tests

	Beamforming model
	As specified in Ts38.101-4 B.4.1
	

	CSI reporting type
	Periodic
	

	CSI-Report periodicity
	5 slots for FDD
10 slots for TDD
	

	timeRestrictionForChannelMeasurements
	Not configured
	

	timeRestrictionForInterferenceMeasurements
	Not configured
	

	cqi-FormatIndicator
	Wideband
	

	pmi-FormatIndicator
	Subband
	Same as Rel-16 eTypeII tests

	CQI/RI/PMI delay
	TBD
	

	PDSCH MCS
	MCS20 (64QAM, 0.55)
	Same as Rel-16 eTypeII tests

	PDSCH rank
	Rank 2
	

	Maximum number of HARQ transmission
	4
	

	PDSCH DMRS
	1000/1001
	

	PDSCH DMRS configuration
	1+1
	



We think the existing test metric for PMI tests can be reused as a starting point for evaluation, that is, 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.
Proposal 8: 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.
Proposal 9: RAN4 define PMI reporting test with Type II codebook for predicted PMI if the significant gain is observed with the test metric. 
3.2	Type II codebook for CJT
As discussed for predicted PMI, RAN4 has defined PMI reporting requirements with Rel-15 Type II and Rel-16 Enhanced Type II codebooks. RAN4 has also defined PMI reporting requirements for multi-TRP scenario with Type I codebook in Rel-17. We therefore propose to reuse those test case setups as illustrated in Figure 3.


[bookmark: _Ref146551814]Figure 3	Illustration of proposed PMI reporting test configuration for Type II codebook for CJT. 

For Type II PMI tests, RAN4 configures 16 CSI-RS ports (for single TRP). Since Rel-18 codebook is for multi-TRP scenario, we propose to configure 8 CSI-RS ports per TRP as same as Rel-17 tests. Accordingly, considering the Tx antenna array 4x1, the number of beams (L) can be 2 (instead of 4), which corresponds to paramCombination-CJT-L-r18=4. According to TS38.214 Table 5.2.2.2.8-3 [2], in case of paramCombination-CJT-L-r18=4, it is only possible to configure paramCombination-CJT-r18=4, which corresponds to pv=1/8 and β=1/4 for rank 1 or 2. Finally, it is also possible to report common Wf or per-TRP Wf according to codebookMode. For PMI reporting test, we usually don’t assume frequency/time offset between two TRPs, we think it is enough to set ‘mode2’, corresponding to common Wf. Table 3 summarizes the possible configuration for Type II codebook for CJT for RAN4 PMI reporting requirements. 
[bookmark: _Ref145936656]Table 3	Codebook configuration for Type II codebook for CJT.
	Parameters
	Values
	Notes

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

	(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)
	4
	, , 
L is same as Rel-15 TypeII tests

	paramCombination-CJT-r18
(TS 38.214 Table 5.2.2.2.8-2)
	1
	, 
Same as Rel-16 eTypeII tests

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

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



Regarding the test setup, we propose to reuse the existing Type-I PMI reporting test for sDCI based SDM transmission schemes Table 4. 
[bookmark: _Ref145937176]Table 4	Test setup for PMI reporting requirements with Type II codebook for CJT
	Parameters
	Values
	Notes

	FDD/TDD, CBW/SCS
	FR1 FDD 10MHz/15kHz
FR1 TDD 40MHz/30kHz
	

	Propagation channel
	TDLA30-5
	

	Antenna configuration per TRxP
	XP medium 8 x 2
XP medium 8 x 4
	Same as TypeI tests for sDCI based SDM transmission scheme

	Beamforming model
	As specified in Ts38.101-4 B.4.1
	

	CSI reporting type
	Aperiodic
	

	timeRestrictionForChannelMeasurements
	Not configured
	

	timeRestrictionForInterferenceMeasurements
	Not configured
	

	cqi-FormatIndicator
	Wideband
	

	pmi-FormatIndicator
	Wideband
	

	CQI/RI/PMI delay
	[8]ms for FDD 15kHz
[6.5]ms for TDD 30kHz
	

	PDSCH transmission scheme
	sDCI-based SDM scheme 
(full overlapped)
	

	PDSCH MCS
	MCS13 (16QAM, 1/2)
	

	PDSCH rank
	Rank 1 per TRxP
	

	Maximum number of HARQ transmission
	4
	

	PDSCH DMRS
	1000 for TRxP#1
1002 for TRxP#2
	

	PDSCH DMRS configuration
	1+1
	



Proposal 10: For evaluation purpose of PMI reporting test with Type II codebook for CJT, configure the parameters as shown in Table 3 and Table 4. 

We think the existing test metric for PMI tests can be reused as a starting point, that is, 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.
Proposal 11: 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.

Proposal 12: RAN4 define PMI reporting test with Type II codebook for CJT if the significant gain is observed with the test metric.
4	Summary
Proposal 1: RAN4 does not define UE demodulation and CSI reporting requirements for the multi-TRP enhancement features.
Observation 1: RAN4 RRM is discussing the necessary TDCP reporting requirements. 
Proposal 2: RAN4 does not define TDCP reporting requirements in TS38.101-4.
Proposal 3: RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for predicted PMI (typeII-Doppler-r18).
Proposal 4: RAN4 discuss whether to define new PMI reporting requirements with the Type II codebook for CJT (typeII-CJT-r18).
Proposal 5: RAN4 does not define UE demodulation and CSI reporting requirements for the reference signal enhancement features.
Proposal 6: RAN4 does not define UE demodulation and CSI reporting requirements for enhanced uplink transmission features.
Observation 2: Existing aperiodic CSI based Type II PMI reporting test setup may not be suitable for Rel-18 predicted PMI reported test especially for TDD SCS=30kHz.
Proposal 7: For evaluation purpose of PMI reporting test with Type II codebook for predicted PMI, configure periodic CSI-RS resources with N4=1 and K=4. The detailed test PMI configurations are listed in Table 1 and Table 2.
Proposal 8: 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.
Proposal 9: RAN4 define PMI reporting test with Type II codebook for predicted PMI if the significant gain is observed with the test metric. 
Proposal 10: For evaluation purpose of PMI reporting test with Type II codebook for CJT, configure the parameters as shown in Table 3 and Table 4. 
Proposal 11: 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.
Proposal 12: RAN4 define PMI reporting test with Type II codebook for CJT if the significant gain is observed with the test metric.
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Appendix
A.1	CR to TS38.214 [2]
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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