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1.  Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN plenary RAN#98 meeting, the WID [1] for Rel-18 NR MIMO evolution for downlink and uplink has been approved. RAN4 work plan for this topic including RF, RRM and performance part was endorsed in [2]. In last RAN4#108bis meeting, initial discussion on UE demodulation performance and CSI reporting parts and overall work scope endorsed [3] as below.
	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
Issue 1-1-2: clarify if demodulation or CSI requirements are needed for TDCP
Agreement:
· Do not introduce PDSCH demodulation requirements for TDCP measurement.
· FFS on CSI requirements for TDCP measurement
Issue 1-1-3: clarify performance impact for Unified TCI enhancement on multi-TRP
Agreement:
· No performance impact on UE demodulation and CSI reporting for Unified TCI enhancement on multi-TRP.
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
Issue 1-1-5: clarify if demodulation requirements are needed for codebook enhancement for CJT
Agreement:
· No demodulation requirements for codebook enhancement for CJT are needed.
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. 



In this contribution, we provide our analysis and views on the open issues.
2. TypeII-Doppler-r18
For the medium/high speed scenario, obvious performance degradation occurs due to the outdated CSI reporting, which means the time difference between CSI measurment occasion and PDSCH transmission using this CSI reporting is more than channel coherence time . In order to reduce the CSI reporting aging time, new codebook types as ‘typeII-Doppler-r18’ and ‘typeII-Doppler-PortSelection-r18’ for channel prediction at the UE side are introduced by RAN1 in 38.214 [4]. In last RAN4#108bis meeting [3], we agreed to study the feasibility of introducing PMI reporting requirements with ‘typeII-Doppler-r18’ (FR1 only). 
Specification 38.214 has description of ‘typeII-Doppler-r18’ as below, which means if UE has the capability to support ‘typeII-Doppler-r18’, it is assumed that this UE could support UE-side CSI prediction.
	Subject to UE capability, a UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI' is assumed to support UE-side CSI prediction.


If UE has the capability to support ‘typeII-Doppler-r18’, RAN4 need to test the effectiveness of UE-side CSI prediction for medium/high speed scenario. Therefore, we need to design test case(s) which could promise the estimated CSI is not outdated.
TypeII-Doppler-r18 is the enhancement for channel prediction at the UE side based on Rel-16 eTypeII codebook ‘typeII-r16’. Hence, for TypeII-Doppler-r18 test case(s), use similar requirement assumptions as Rel-16 eTypeII codebook is a good starting point. Compared with Rel-16 eTypeII codebook, TypeII-Doppler-r18 need to predict N4 Doppler-/time domain (DD/TD) basis vectors by using more CSI-RS resources (e.g. K=4, 8, 12 CSI-RS resources for aperiodic CSI-RS case). The performance of TypeII-Doppler-r18 depends on many factors including wireless channel properties, UE speed, number of measured CSI-RS resources, CSI-RS periodicity, time gap between measurement window and prediction window, prediction window duration, channel prediction implementation at the UE, etc. Therefore, we may need to add some parameters and do some essential update for TypeII-Doppler-r18 test case(s) based on Rel-16 eTypeII codebook requirement assumptions and test setup.
Observation 1: From 38.214 description, if UE has the capability to support ‘typeII-Doppler-r18’, it is assumed that this UE could support UE-side CSI prediction. Several potential processing in UE chipset may be introduced including perform channel estimation based on multiple CSI-RS resources, perform channel prediction for N4 occasions in the future, etc.
Firstly, in order to select suitable number of measured CSI-RS resources, CSI-RS periodicity, time gap between measurement window and prediction window, and prediction window duration for specified UE speed, we need to know the channel coherence time, which is inversely proportional to the maximum Doppler shift  as. For the high speed UE, channel coherence time window becomes narrower. Table 1 shows channel coherence time  and maximum Doppler shift for different carrier frequencies and UE speeds. 
Table 1 channel coherence time for different carrier frequencies and UE speeds
	Speed
CF (GHz)
	3km/h
	30km/h
	60km/h
	100km/h

	1.8GHz  
	 (Hz)
	5
	50
	100
	167

	
	 (ms)
	200
	20
	10
	6

	2.6GHz
	 (Hz)
	7
	72
	144
	241

	
	 (ms)
	138
	14
	7
	4

	4.7GHz
	 (Hz)
	13
	131
	261
	435

	
	 (ms)
	77
	8
	4
	2


Currently, the test setup for FDD case with typeII-r16 codebook in 38.101-4 is as below Figure 1. The PMI estimation at slot#(n-4) should be beneficial and used from slot#(n+4) to slot#(n+8), hence the PMI window duration for FDD case is 13 slots (for 15kHz FDD case, 13ms), which is obviously less than the channel coherence time (for 3km/h and 2.6GHz CF, 138ms).
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Figure 1. FDD case for PMI reporting with typeII-r16 codebook in 38.101-4
Similarly, current test setup for TDD case with typeII-r16 codebook is as below Figure 2. The PMI estimation at slot#(n-8) should be beneficial and used from slot#(n+6) to slot#(n+15), hence the PMI window duration for TDD case is 24 slots (for 30kHz TDD case, 12ms), which is obviously less than the channel coherence time (for 3km/h and 2.6GHz CF, 138ms). However, if UE maximum Doppler shift is 100Hz, the corresponding channel coherence time window is 10ms which is less than current PMI window duration 12ms, therefore, we could conclude that current TDD PMI reporting test case for typeII-r16 codebook will get obvious performance degradation for medium/high UE speed with more than 100Hz maximum Doppler shift.
Observation 2: Due to the channel coherence time window restriction, current TDD PMI reporting test case for typeII-r16 codebook will get obvious performance degradation for medium/high UE speed with more than 100Hz maximum Doppler shift.
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Figure 2. TDD case for PMI reporting with typeII-r16 codebook in 38.101-4
For TypeII-Doppler-r18 codebook,  aperiodic CSI-RS resources or a single periodic or semi-persistent CSI-RS resource in the resource set are/is used for channel measurement, N4∈{1,2,4,8} Doppler-/time domain (DD/TD) basis vector(s) are predicted and compressed to the estimated codebook. While m is the separation between two consecutive aperiodic CSI-RS resources and  slots, d is the duration of N4 consecutive slot intervals, for aperiodic CSI-RS resource set for channel measurement , otherwise, the value of  is equal to the periodicity of the CSI-RS resource. The definition for the earliest of the N4 slot intervals starts at slot l=n+delta, where n is the uplink slot in which the CSI is reported and the slot offset delta∈{-nCSI_ref,0,1,2}, which is configured by higher layer parameter delta, where nCSI_ref defined in 38.214 Clause 5.2.2.5 and the value δ=- nCSI_ref can be configured subject to UE capability. 
For TDD case with TypeII-Doppler-r18 codebook, use the minimum value of =4 aperiodic CSI-RS resources with m=2 slots separation in Figure 3 as an example, use the channel estimation in slot0~slot6 to predict the PMI in slot11~slot18, this estimation and prediction window is 18 slots (for 30kHz TDD case, 9ms), the apply time is 10 slots (slot15~slot24, for 30kHz TDD case, 5ms), max (9ms,5ms) is 9ms, should be still in the channel coherence time window 10ms corresponding to 100Hz maximum Doppler shift. Therefore, we could conclude that TDD PMI reporting test case for TypeII-Doppler-r18 codebook should get good performance for medium/high UE speed with more than 100Hz maximum Doppler shift.
Observation 3: Due to the channel coherence time window duration and predicted PMI theory in TypeII-Doppler-r18 codebook definition, TDD PMI reporting test case for TypeII-Doppler-r18 codebook should get good performance for medium/high UE speed with more than 100Hz maximum Doppler shift.
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Figure 3. Example aperiodic CSI-RS resources TDD case1 for PMI reporting with typeII-Doppler-r18 codebook
For TDD case with TypeII-Doppler-r18 codebook, use the minimum value of =4 aperiodic CSI-RS resources with m=1 slots separation in Figure 4 as an example, the predicted PMI should be beneficial and useful before next CSI report could be used. Therefore, the predicted PMI application duration for this example case is 14 slots (for 30 kHz TDD case, 7ms).
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Figure 4. Example aperiodic CSI-RS resources TDD case2 for PMI reporting with typeII-Doppler-r18 codebook
For TDD case with TypeII-Doppler-r18 codebook, use =1 periodic CSI-RS resources in Figure 5 as an example, the predicted PMI should be beneficial and useful before next CSI report could be used. Therefore, the predicted PMI application duration for this example case is 14 slots (for 30 kHz TDD case, 7ms). 
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Figure 5. Example periodic CSI-RS resources TDD case for PMI reporting with typeII-Doppler-r18 codebook
New parameters for TypeII-Doppler-r18 codebook
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. Meanwhile, legacy Rel-16 TypeII codebook based PMI reporting requirements are based on aperiodic CSI-RS resources. Therefore, we think set K=4 as a starting point for Rel-18 TypeII Doppler PMI test is a good selection.
Proposal 1: For both FDD and TDD cases with TypeII-Doppler-r18 codebook, use aperiodic CSI-RS resources configuration with settings as
· The number of NZP CSI-RS resources K as 4
· Separation between two consecutive CSI-RS resources m as 1
· Slot associated with CSI report delta as 1
· The number of Doppler-/time domain (DD/TD) basis vectors N4 as 1
Propagation channel
Under the configuration of proposal 1, and take consideration of the channel coherence time and maximum Doppler shift in Table 1, it is more suitable to use 100Hz than 240Hz.
Proposal 2: For both FDD and TDD cases with TypeII-Doppler-r18 codebook propagation channel, use TDLA30-100, maximum Doppler shift as 100Hz.
N1, N2, O1, O2 and the number of CSI-RS ports
The values of N1 and N2 are configured with the higher layer parameter n1-n2‑codebookSubsetRestriction-Doppler-r18. The supported configurations of (N1, N2) for a given number of CSI-RS ports and the corresponding values of (O1, O2)  are given in Table 5.2.2.2.1-2 in 38.214. The number of CSI-RS ports, PCSI-RS, is 2*N1*N2. Currently, requirements of Rel-16 TypeII codebook PMI reporting is based on 16 CSI-RS ports and (N1,N2) = (4,2), (O1,O2) = (4,4), we think it is a good starting point to use the same configuration.
Proposal 3: Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for TypeII-Doppler-r18 test.
paramCombination-Doppler-r18
This field describes supported parameter combination represented by (, , ) for Rel-18 TypeII Doppler codebook [4], where (*) indicates legacy Rel-16 TypeII codebook combinations.While  is the number of othogonal beams for each polarization, selected from a set of oversampled 2D DFT beams in spatial domain,  is configured to determine the number of DFT basis vectors in frequency domain, and   is configured to determine the number of maximum linear combination coefficients. Requirements of Rel-16 TypeII codebook PMI reporting set paramCombination-r16 as 6 which corresponds to (, , ), therefore we’d like to propose setting paramCombination-Doppler-r18 as 7 (, , ) for Rel-18 TypeII codebook requirments.
Table 2: 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 


Proposal 4: Set paramCombination-Doppler-r18 as 7 (, , ) as a starting point for TypeII-Doppler-r18 test.
MCS level
As medium/high UE speed is proposed for this TypeII-Doppler-r18 codebook, current MCS20 for Rel-16 TypeII codebook PMI reporting test maybe not suitable any more. We propose to use MCS13 (16QAM, 0.48) for this TypeII-Doppler-r18 codebook test.
Proposal 5: For TypeII-Doppler-r18 test, use MCS13 (16QAM, 0.48).
Other parameters
For other parameters not mentioned in above discussion, use below Table 3 as same as current test parameters of Rel-16 TypeII codebook in 38.101-4. 
Proposal 6: For TypeII-Doppler-r18 test, other parameters use below Table 3 as same as current test parameters of Rel-16 TypeII codebook in 38.101-4.
Table 3: other parameters
	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

	RI restriction (typeII-Doppler-RI‑Restriction-r18)
	0010

	Other Test parameters
	For FDD 2Rx, Table 6.3.2.1.6-1 in 38.101-4
For TDD 2Rx, Table 6.3.2.2.6-1 in 38.101-4
For FDD 4Rx, Table 6.3.3.1.6-1 in 38.101-4
For TDD 4Rx, Table 6.3.3.2.6-1 in 38.101-4



Test metric
Currently, the requirements for codebookType set to 'typeII-r16' are specified in terms of the ratio:
	

In the definition of γ, for 16TX PMI requirements, 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.


Use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
Proposal 7: For TypeII-Doppler-r18 test, use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
3. TypeII-CJT-r18
In NR system, M-TRP transmission is an important technology to improve cell edge use throughput and provide a more balanced service quality for the serving cell. According to the mapping relationship of the layers to multiple TRPs, the M-TRP transmission schemes can be roughly divided into two types: NCJT (Non-Coherent-Joint Transmission) schemes and CJT (Coherent-Joint Transmission) schemes. For NCJT schemes introduced in Rel-17 which is only limited to Type I codebook and only covers the Single-DCI Multi-TRP scheme 1a, i.e., SDM scheme, the PDSCH/DMRS ports are transmitted from each TRP respectively in SDM scheme. For CJT schemes which is introduced in Rel-18, all the PDSCH/DMRS ports are jointly transmitted from multiple TRPs and signals from multiple TRPs are combined coherently, hence multiple geographically separated TRPs or RRHs for CJT are assumed to be well synchronized in time and frequency as well as the phase and amplitude of their antenna arrays are calibrated.
For co-located layout CJT, ideal synchronization and backhaul can be assumed in practical deployments; for distributed layout CJT, the throughput of cell edge use can be improved for a more balanced service quality. In order to support all the scenarios, two codebook modes for Rel-18 CJT codebook design were supported in Rel-18. 
Rel-18 TypeII for CJT codebook is the extension of Rel-16 TypeII codebook and Rel-17 futher enhanced TypeII port selection codebook. Rel-18 introduce enhanced TypeII for CJT ‘typeII-CJT-r18’ and further enhanced TypeII port selection for CJT ‘typeII-CJT-PortSelection-r18’ in RAN1 38.214, which are based on the enhancement of Rel-16 TypeII codebook and Rel-17 further enhanced TypeII port selection codebook separately. In last RAN4#108bis meeting [3], we agreed to study the feasibility of introducing PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only).
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Figure 6. Illustration of CJT mTRP codebook based on Rel-16 eType-II refinement (R1-2205016)
For Rel-17 NCJT, UE is able to measure CSI-RS resources transmitted from two TRPs, estimate the CSI parameters for each TRP and report them together. During the CSI calculation, the measured channel corresponding to one TRP is considered as interference for another TRP, and only Type I single panel codebook is supported.
For Rel-18 CJT, as the enhancement to achieve better performance than NCJT. The coherence of antennas from multiple TRPs allows the NW to generate a single precoding matrix, where each TRP is considered as part of the data channel rather than interference.
Observation 4: From 38.214 description, if UE has the capability to support ‘typeII-CJT-r18’ which is based on the enhancement of Rel-16 TypeII codebook, it is assumed that this UE could support coherent joint precoding matrix estimation among multiple TRPs, which need different processing of multiple TRP with NCJT based on Type I single panel codebook. 
Propagation channel and correltation configuration
As this Rel-18 typeII for CJT is targeting for enhancements of CSI acquisition for Coherent-JT on FR1 and up to 4 TRPs, and related performance estimation of this enhanced codebook in RAN1 are based on 3km/h, thus we think TDLA30-10 is more suitable for this test case. Meanwhile, requirements of Rel-17 NCJT PMI reporting tests are based on XP High, we think it is a good starting point to use the same configuration.
[bookmark: OLE_LINK3]Proposal 8: Use TDLA30-10 with XP high as the propagation channel and correlation configuration for typeII-CJT-r18 test.
K (numberOfCSI-RS-Resources), NTRP (Number of TRPs) and restrictedCMR-Selection
K describes the number of CSI-RS resources (CMR), and the number of CSI-RS resources in a NZP-CSI-RS-ResourceSet for channel measurement is expected to be configured as 1≤K≤4 for codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', each resource can contain, at most, 32 CSI-RS ports [4].
NTRP is the number of TRPs, for maximum 32 CSI-RS ports per CSI-RS resource, the UE could configure with  CSI-RS resources in a resource set for channel measurement with higher layer parameter codebookType set to 'typeII-CJT-r18'.
As description in [4], the UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is N=NTRP. Otherwise, dynamic TRP selection mode is ON, the UE is expected to select  CSI-RS resources out of NTRP CSI-RS resources, with . N is the number of cooperating CSI-RS resources selected by UE for CJT codebook estimation, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher layer signaling. The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1. This is an UE option feature. Therefore we’d like to configure restrictedCMR-Selection in order to focus the performance estimation on codebook for CJT.
Proposal 9: 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 typeII-CJT-r18 test.
N1, N2, O1, O2 and the number of CSI-RS ports
The values of N1, N2 and O1, O2 are the same for all NTRP CSI-RS resources and configured with the higher layer parameter [4]. The supported configurations of (N1, N2) for a given number of CSI-RS ports and the corresponding values of (O1, O2) are given in 38.214 Table 5.2.2.2.1-2. The number of CSI-RS ports, PCSI-RS, is 2*N1*N2 for each of the NTRP CSI-RS resources.
Considering the requirments of Rel-17 NCJT PMI tests are based on 8 CSI-RS ports per TRP, we think set 8 CSI-RS ports per TRP may be a good starting for Rel-18 CJT test.
Proposal 10: Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) as a starting point for typeII-CJT-r18 test.
paramCombination-CJT-L-r18 and paramCombination-CJT-r18
A set of NL∈{1,2,4} combinations of values of {L1,…,LNTRP} is configured by the higher layer parameter paramCombination-CJT-L-r18 [4], where the value of NL is configured by the higher layer parameter numberOfSDCombinations and the mapping is given in Table 4, with the value of Ln corresponding to CSI-RS resource n, for n = 1,…,NTRP. Therefore, we think setting paramCombination-CJT-L-r18 as 4 ({2, 2}) or 7 ({4, 4}) as a starting point for Rel-18 TypeII for CJT PMI test may be suitable.
Table 4  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}


The field paramCombination-CJT-r18 describes supported parameter combination represented by (, ) for Rel-18 TypeII CJT codebook [4], taking reference of 38.214 Table 5.2.2.2.8-1, Table 5.2.2.2.8-2 and Table 5.2.2.2.8-3. From these tables we could get the information: If paramCombination-CJT-L-r18 set as 4 (L1=2, L2=2), paramCombination-CJT-r18 only has one selection which is 1 (, ). If paramCombination-CJT-L-r18 set as 7 (L1=4, L2=4),  paramCombination-CJT-r18 has three options as 2 (, ), 4 (, ) and 7 (, ). Thus, we think setting paramCombination-CJT-L-r1 as 7 is a good choice, and setting paramCombination-CJT-r18 as 4 (,) or 7 (,) is a good starting point.
Proposal 11: Set paramCombination-CJT-L-r18 as 7 ({4, 4}) as a starting point for typeII-CJT-r18 test.
Proposal 12: Set paramCombination-CJT-r18 as 4 (,) or 7 (,) as a starting point for typeII-CJT-r18 test.
codebookMode and numberOfO3
Two codebook Modes {Mode1, Mode2} are introduced for Rel-18 TypeII codebook for CJT mTRP as the agreement in RAN1#110
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):



As the description in [5], the main use case for Mode1 is CJT scenarios where different distances between TRPs and UE may cause relative offsets of the power delay profiles between TRPs. Reporting an FD basis offset with respect to a reference TRP allows to compensate for these delay differences and maximize the alignment between FD basis vectors across TRPs. An FD basis offset is reported for the j-th selected CSI-RS resources, relative to the first of the N selected CSI-RS resources, , where the oversampling factor value of  is configured by higher layer parameter numberOfO3. The offsets are represented by  and . Therefore,  is only applicable when codebookMode= ‘Mode1’. When codebookMode= ‘Mode2’, the offset indicator is not reported. Considering the MCS or SNR is as same as each other in the CJT mTRP requirements assumption, we prefer to set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
Proposal 13: Set codebookMode as Mode2 for typeII-CJT-r18 test.
Other parameters
For other parameters not mentioned in above discussion, use below Table 5 as same as current test parameters of current Rel-17 NCJT PMI reporting tests codebook in 38.101-4.
Proposal 14: For TypeII-CJT-r18 test, other parameters use below Table 5 as same as current test parameters of Rel-17 NCJT PMI reporting tests codebook in 38.101-4.
Table 5: other parameters
	Parameter
	Value

	Channel bandwidth and subcarrier spacing
	For FDD, 10MHz/15kHz

	Number of UE receiver antennas
	2 and 4

	R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18)
	1

	RI restriction (typeII-CJT-RI‑Restriction-r18)
	0001

	Other Test parameters
	For FDD 2Rx, Table 6.3.2.1.7-1 in 38.101-4
For FDD 4Rx, Table 6.3.3.1.7-1 in 38.101-4



Test metric
Currently, the requirements for codebookType set to 'typeII-r16' are specified in terms of the ratio:
	

In the definition of γ, for 16TX PMI requirements, 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.


Use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
Proposal 15: For TypeII-CJT-r18 test, use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
4. TDCP
In last RAN4#108bis, it is agreed that not to introduce PDSCH demodulation requirements for TDCP measurement, and FFS on CSI requirements for TDCP measurement [3].
Considering UE will report TDCP wideband quantized amplitude(s) and phase(s) if the parameter reportQuantity set as ‘tdcp’ for corresponding CSI-RS resources configured with trs-Info and the parameter for phase reporting enabled, although the purpose(s) of TDCP reporting are for codebook type switching between CSI Type I and CSI TypeII, precoding switching between reciprocity based precoding and CSI based precoding, switching between SRS periodicities, switching between different CSI RS and/or CSI reporting periodicities, switching between different number of additional DMRS symbols and so on. Different use cases may require the switching to occur at different levels of channel variability (i.e., for different UE speeds), requiring different threshold levels. It is hard to design the suitable switching algorithm(s) for these switching proposals.
Moreover, with the current Rel-18 design, a UE is obliged to report a TDCP even if the accuracy of its measurement is erroneous. The accuracy could be impacted by low SNR, impairments, or the channel variations are fast enough such that the estimated TDCP using the basic feature is not an accurate or sufficient measure of the variations in the wireless channel. When the gNB receives the TDCP report, it cannot determine whether the TDCP report is useful or reliable. This affects the gNB’s decisions with respect to configuration because there will be a mismatch between the gNB’s perceived UE conditions, and the actual UE conditions. Therefore, it is hard to judge if the TDCP reporting is correct or not. 
Thus, it is hard to verify if the TDCP reporting is reasonable or not from TE side. For example, UE may report its TDCP amplitude in a specific range, how to design the TE behaviour related to this specific TDCP amplitude range is a tough task as this TE behaviour are expected to be beneficial and could achieve an acceptable PDSCH BLER distribution. Therefore, the problem will transform into the related switching algorithm(s) design corresponding to TDCP amplitude reporting. 
Proposal 16: Do not define CSI requirements for TDCP measurement.
5. Enhanced DMRS
In last RAN4#108bis, it is agreed to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario as below [3].
	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. 


In Rel-18, more orthogonal DMRS ports are introduced in RAN1 38.211[6] by extending FD-OCC from length 2 to length 4, therefore, the number of DMRS ports in Rel-18 is doubled compared with Rel-15, and without increasing the DMRS overhead. For UE with Rel-18 DMRS ports, although we think the demodulation performance should be as similar as Rel-15 DMRS ports, there should be functional test requirements for these new DMRS ports. Therefore, we prefer to select two cases from legacy PDSCH cases, one is for rank 2 and one is for rank 4.
Proposal 17: Introduce two PDSCH demodulation requirements test cases for Rel-18 enhanced DMRS with Rel-18 DMRS configuration Type 1 and length 1, for rank 2 and rank 4 separately.
Proposal 18: Use DMRS ports introduced by Rel-18, {1008, 1009} for Rank 2 case, {1008-1011} for Rank 4 case.
Proposal 19: select below cases for Rel-18 enhanced DMRS using the same test parameters except DMRS ports mentioned in Proposal 18:
For FDD
	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
	2x2, ULA Low
	70
	[TBD]

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



For TDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.2-3.1 TDD
	40 / 30
	64QAM, 0.50
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	[TBD]

	4-1
	R.PDSCH.2-2.4 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLA30-10
	4x4, ULA Low
	70
	[TBD]


Proposal 20: Introduce applicability rule to define that UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports.
6. Conclusion
In this contribution, we provide analysis and views on UE demodulation performance and CSI requirements for Rel-18 NR MIMO enhancements for downlink and uplink. 
The observations and proposals could be summarized as:
Observation 1: From 38.214 description, if UE has the capability to support ‘typeII-Doppler-r18’, it is assumed that this UE could support UE-side CSI prediction. Several potential processing in UE chipset may be introduced including perform channel estimation based on multiple CSI-RS resources, perform channel prediction for N4 occasions in the future, etc.
Observation 2: Due to the channel coherence time window restriction, current TDD PMI reporting test case for typeII-r16 codebook will get obvious performance degradation for medium/high UE speed with more than 100Hz maximum Doppler shift.
Observation 3: Due to the channel coherence time window duration and predicted PMI theory in TypeII-Doppler-r18 codebook definition, TDD PMI reporting test case for TypeII-Doppler-r18 codebook should get good performance for medium/high UE speed with more than 100Hz maximum Doppler shift.
Proposal 1: For both FDD and TDD cases with TypeII-Doppler-r18 codebook, use aperiodic CSI-RS resources configuration with settings as
· The number of NZP CSI-RS resources K as 4
· Separation between two consecutive CSI-RS resources m as 1
· Slot associated with CSI report delta as 1
· The number of Doppler-/time domain (DD/TD) basis vectors N4 as 1
Proposal 2: For both FDD and TDD cases with TypeII-Doppler-r18 codebook propagation channel, use TDLA30-100, maximum Doppler shift as 100Hz.
Proposal 3: Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for TypeII-Doppler-r18 test.
Proposal 4: Set paramCombination-Doppler-r18 as 7 (, , ) as a starting point for TypeII-Doppler-r18 test.
Proposal 5: For TypeII-Doppler-r18 test, use MCS13 (16QAM, 0.48).
Proposal 6: For TypeII-Doppler-r18 test, other parameters use below Table 3 as same as current test parameters of Rel-16 TypeII codebook in 38.101-4.
Table 3: other parameters
	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

	RI restriction (typeII-Doppler-RI‑Restriction-r18)
	0010

	Other Test parameters
	For FDD 2Rx, Table 6.3.2.1.6-1 in 38.101-4
For TDD 2Rx, Table 6.3.2.2.6-1 in 38.101-4
For FDD 4Rx, Table 6.3.3.1.6-1 in 38.101-4
For TDD 4Rx, Table 6.3.3.2.6-1 in 38.101-4


Proposal 7: For TypeII-Doppler-r18 test, use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
Observation 4: From 38.214 description, if UE has the capability to support ‘typeII-CJT-r18’ which is based on the enhancement of Rel-16 TypeII codebook, it is assumed that this UE could support coherent joint precoding matrix estimation among multiple TRPs, which need different processing of multiple TRP with NCJT based on Type I single panel codebook. 
Proposal 8: Use TDLA30-10 with XP high as the propagation channel and correlation configuration for typeII-CJT-r18 test.
Proposal 9: 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 typeII-CJT-r18 test.
Proposal 10: Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) as a starting point for typeII-CJT-r18 test.
Proposal 11: Set paramCombination-CJT-L-r18 as 7 ({4, 4}) as a starting point for typeII-CJT-r18 test.
Proposal 12: Set paramCombination-CJT-r18 as 4 (,) or 7 (,) as a starting point for typeII-CJT-r18 test.
Proposal 13: Set codebookMode as Mode2 for typeII-CJT-r18 test.
Proposal 14: For TypeII-CJT-r18 test, other parameters use below Table 5 as same as current test parameters of Rel-17 NCJT PMI reporting tests codebook in 38.101-4.
Table 5: other parameters
	Parameter
	Value

	Channel bandwidth and subcarrier spacing
	For FDD, 10MHz/15kHz

	Number of UE receiver antennas
	2 and 4

	R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18)
	1

	RI restriction (typeII-CJT-RI‑Restriction-r18)
	0001

	Other Test parameters
	For FDD 2Rx, Table 6.3.2.1.7-1 in 38.101-4
For FDD 4Rx, Table 6.3.3.1.7-1 in 38.101-4



Proposal 15: For TypeII-CJT-r18 test, use similar test metric with ‘typeII-r16' codebook, define the specified percentage value of the maximum throughput later when we have simulation results, and the  based on Single Panel TypeI codebook.
Proposal 16: Do not define CSI requirements for TDCP measurement.
Proposal 17: Introduce two PDSCH demodulation requirements test cases for Rel-18 enhanced DMRS with Rel-18 DMRS configuration Type 1 and length 1, for rank 2 and rank 4 separately.
Proposal 18: Use DMRS ports introduced by Rel-18, {1008, 1009} for Rank 2 case, {1008-1011} for Rank 4 case.
Proposal 19: select below cases for Rel-18 enhanced DMRS using the same test parameters except DMRS ports mentioned in Proposal 18:
For FDD
	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
	2x2, ULA Low
	70
	[TBD]

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



For TDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	2-1
	R.PDSCH.2-3.1 TDD
	40 / 30
	64QAM, 0.50
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	[TBD]

	4-1
	R.PDSCH.2-2.4 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLA30-10
	4x4, ULA Low
	70
	[TBD]


Proposal 20: Introduce applicability rule to define that UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports.
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