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Introduction
In the RAN#102 meeting, the following WID was agreed for Rel-19 MIMO [1]. In this contribution, CSI enhancement for up to 128 CSI-RS ports and CJT are respectively discussed.
	1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting

2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.

5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 


Discussion on CSI enhancement for larger scale transmit antenna ports 
Discussion on simulation assumption
For legacy Type I and Type II codebook design, system-level simulation assumptions have been discussed and provided. Since Type I or Type II codebook refinement supporting up to total of 128 CSI-RS ports is extension of legacy codebook, legacy system-level simulation assumption could be reused.  However, due to larger CSI-RS ports introduced, the antenna setups and port layouts at gNB side need to study and discuss. In legacy simulation assumption, 32 antenna ports could be mapped through 128 antenna array elements. For example, the antenna setup and port layout could be set as (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;2,8), where M and N are the number of antenna elements with the same polarization in vertical and horizontal direction respectively for each panel, Mg and Ng are the number of panels in vertical and horizontal direction respectively, Mp and Np are the number of ports in vertical and horizontal direction respectively. If the number of antenna ports is up to 128, how many antenna array elements to be set and how to design antenna port mapping needs to study. Table 1 shows potential options of antenna setup and port layouts at gNB when the number of antenna ports is set to 64 or 128. In our view, at least some typical antenna setups and port layouts at gNB should be firstly discussed and provided. The other potential options could be reported by companies. The antenna port mapping is related with the configuration of CSI-RS ports, which will be discussed in section 2.2.
Table 1:  Antenna setup and port layouts at gNB
	Number of antenna ports
	Options
	(M, N, P, Mg, Ng; Mp, Np)

	64
	Option 1
	[bookmark: OLE_LINK1](4,8,2,1,1; 4,8)

	
	Option 2
	(8,16,2,1,1; 4,8)

	128
	Option 3
	(8,16,2,1,1; 8,8)

	
	Option 4
	(8,16,2,1,1; 4,16)


Proposal 1: Legacy system-level simulation assumption for Type I codebook and Type II codebook could be reused, and some typical antenna elements setups and antenna port mapping, e.g., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1;4,8), (8,16,2,1,1;4,8) or (8,16,2,1,1;8,8) could be firstly considered for simulation evaluation.
Discussion on CSI-RS resource configuration
According to the second objective of WID in [1], up to 128 CSI-RS ports are supported to specify for obtaining larger system performance gain, more than one CSI-RS resources need to be configured for supporting larger CSI-RS ports. Two issues need to be addressed for configurating multiple CSI-RS resources if up to 128 CSI-RS ports are supported. One issue is which number of CSI-RS ports could be supported. The other one is how to configure multiple CSI-RS resources for up to 128 CSI-RS ports.
Issue 1: Which number of CSI-RS ports could be supported
In current specification, the number of CSI-RS ports  is . The values of   and  are configured with higher layer. When ,  the  supported configurations of  for a given number of CSI-RS ports and the corresponding values of  are given in [2].
When  <, it needs to study which numbers of CSI-RS ports and which configuration of   could be supported. Based on legacy configuration of , we provide potential configurations of and corresponding values of  when  < in Table 2 for some typical values of . Performance evaluation could be considered to further down select from these configurations if necessary. The feedback overhead, computation complexity and performance gain should be jointly considered for down-selection.
Table 2: Potential number of CSI-RS ports, configurations of and 
when   <
	Number of 
CSI-RS antenna ports, 
	
	

	
	
	

	48
	(8,3)
	(4,4)

	
	(6,4)
	(4,4)

	
	(12,2)
	(4,4)

	64
	(8,4)
	(4,4)

	
	(16,2)
	(4,4)

	
	(32,1)
	(4,1)

	96
	(8,6)
	(4,4)

	
	(12,4)
	(4,4)

	
	(16,3)
	(4,4)

	
	（24,2）
	(4,4)

	
	(48,1)
	(4,1)

	128
	(8,8)
	(4,4)

	
	(16,4)
	(4,4)

	
	(32,2)
	(4,4)

	
	(64,1)
	(4,1)


Proposal 2: When  <, the configuration of parameters  and corresponding values of   as given in Table 2 could be considered as a starting point. 
Issue 2: How to configure multiple CSI-RS resources
When  <, more than one CSI-RS resources should be configurated for channel measurement (CMR), and any resource reuses legacy CSI-RS resource design. For Rel-18 CJT Type II codebook, up to a total of 128 CSI-RS ports across Ntrp resources for CMR has been supported. The Ntrp resources from one CSI-RS resource set are configured with same number CSI-RS ports. The configuration of and corresponding values of  are same for all resources, and these resources are configured in one or two adjacent slots. Each resource corresponds to one TRP. Since different TRPs could be different panels or different remote radio units, the CSI-RS ports from different CSI-RS resources are independent. It is not necessary to consider the spatial correlation of CSI-RS ports of these resources. Hence, multiple CSI-RS resources could be configured in one or two adjacent slots without any configuration restriction. Different from multiple TRPs CJT, up to 128 CSI-RS ports corresponds to one TRP. The spatial correlation of all CSI-RS ports for all resources should be considered. Otherwise, performance may be degraded. Our simulation results verify this as shown in Figure 1. For simplicity, link-level simulation (LLS) is adopted and the simulation assumption of LLS could be found in Table A-1 in Appendix. In the figure, the performance comparison for two CSI-RS resources with 64 ports respectively configurated in one and two adjacent slots is given. The configurations of two CSI-RS resources in one and two adjacent slots are given in Figure 2. In the figure, MCS is set to 4. We can observe that about 1 dB performance loss if the two CSI-RS resources are configured in two adjacent slots.

Figure 1: Performance comparison of two CSI-RS resources with 64 ports configurated in one and two adjacent slots based on Rel-15 Type I codebook refinement, MCS=4


Figure 2: Two CSI-RS resources with 64 ports configurated in one and two adjacent slots 
Observation 1: If two CSI-RS resources are configured in two adjacent slots, it will lead to about 1 dB performance loss compared with the two CSI-RS resources configured in one slot.
If 1<N CSI-RS resources are configured in one slot, these resources could be configurated in one RB or two adjacent RBs. Even in one RB, the configuration of N resources in time domain or frequency domain could be adjacent or non-adjacent. At the same time, the subcarrier or OFDM symbols of these resources could be same or different. In Figure 3, potential 5 patterns including adjacent or non-adjacent in time domain or frequency domain, and same or different subcarrier or OFDM symbols for two CSI-RS resources, are respectively given.  Pattern1 and Pattern 2 denotes the two resources are adjacent in time domain and frequency domain. At same time, the subcarrier or OFDM symbols are same for Pattern 1 and Pattern 2. For Pattern 3, the two resource are adjacent in frequency domain, but the OFDM symbols for them are different. For Pattern 4, the OFDM symbols for the two resources are same, but they are non-adjacent in frequency domain. For Pattern 5, they are non-adjacent in frequency domain and have different OFDM symbols. Different patterns will lead to different accuracy of channel estimation. As a result, performance gain will be different for these patterns. Figure 4 (a) and Figure 4 (b) respectively show that performance comparison of different patterns for MCS = 4 and MCS = 14. We can see that the better performance is achieved if these resources are adjacent in time and/or frequency domain. 


Figure 3: Configuration patterns of two CSI-RS resources with 64 CSI-RS ports including adjacent or non-adjacent in time domain or frequency domain.

(a) MCS = 4
 
(b) MCS = 14
Figure 4: Performance comparison of different CSI-RS resource configuration patterns based on Rel-15 Type I codebook refinement.
Observation 2: When 1<N CSI-RS resources are configured in one slot, the adjacent N CSI-RS resources with same subcarrier or OFDM symbols in time and/or frequency domain could achieve better performance gain, compared with non-adjacent N CSI-RS resources with different subcarrier or OFDM symbols.
Proposal 3: CSI-RS resources configuration enhancement, e.g., multiple adjacent CSI-RS resources with same subcarrier or OFDM symbols in time and/or frequency domain, should be supported to further improve system performance.
Discussion on CSI enhancement based on Type I codebook refinement
In current specification, Type I codebook includes Type I single-panel and Type I multi-panel codebook. In this section, Type I codebook refinements based on them are respectively discussed.
Type I single panel refinement 
For Type I codebook, rank=1~8 have been supported, and the maximum number of CSI-RS ports , is , where  and  are configured by higher layer parameters. For rank=1 and 2, two codebook modes, i.e., codebookmode=1 and 2 can be configured. For rank=3 and 4, port groups for each polarization are supported for ensuring inter-layer orthogonality. For rank=5, 6, 7 and 8, in order to save feedback overhead and keep inter-layer orthogonality, the offsets of inter-beam are fixed. When up to 128 CSI-RS ports are supported, the legacy Type I codebook design for rank=1~8 could be reused. The difference is that the larger values of  as shown in Table 2 could be supported. Hence, we suggest Type I single-panel codebook refinement based on extension of parameter  could be considered as a starting point.
Proposal 4: Type I single-panel codebook refinement based on extension of parameter   could be considered as a starting point.
Pattern extension for Type I single panel codebook with Codebookmode = 2

For rank=1 or 2, Type I single panel codebook includes to two codebook modes, i.e., codebookmode=1 and codebookmode=2. For codebookmode=1, only one wideband beam is selected. While one beam is selected from a beam group with L=4 beams for each subband for codebookmode=2. Figure 5 (a) provides the illustration of beam group when L=4 and N2>1. In this figure, s1 = 2 and s2 = 2 denote the number of beams for horizonal dimension and vertical dimension, respectively. The step of adjacent beam in horizonal dimension and vertical dimension is one. For up to 128 ports, the number of beams in a beam group could be increased such that better beam could be selected for each subband. Figure 5 (a) and (b) give the illustration of beam group with L = 4 and L=8 beams for codebookmode = 2 and N2>1. LLS is provided to evaluate the performance gain of beam group with L = 1, L = 4 and L = 8, respectively, in Figure 6. In the figure, two CSI-RS resources with 64 CSI-RS ports are configured with Pattern 1 of Figure 3,  MCS is set to 4. We can see that L=8 still brings additional performance gain at high SNR compared with L=1 and L=4.


(a) L=4                                                                (b)  L=8  
Figure 5: The illustration of L=4 and L=8 for codebookmode = 2 and N2>1.

Figure 6: Performance comparison of L=1, L=4 and L=8 for Rel-15 single panel Type I codebook refinement, two CSI-RS resources configuration with Pattern 1,   MCS=4.
Observation 3: Compared with L=1 and L=4, L=8 still brings additional performance gain at high SNR for codebookmode = 2.
Proposal 5: For codebookmode = 2, a beam group with L=8 beams could be considered to further improve system performance compared with a beam group with L=4 beams.
Type I multi-panel codebook refinement
For Type I multi-panel codebook, the maximum number of antenna ports is 32, and the number of CSI-RS ports  is , where  is the number of panels. The supported configurations of  and  in current specification is given in [2]. The value of  could be configured as 2 or 4. Since the number of CSI-RS ports = , the following two alternatives could be considered to support up to 128 ports. 
· Alt 1: Configurating larger number of panels while the number of CSI-RS ports per panel is fixed
· Alt 2: Configurating larger number of CSI-RS ports per panel while the number panels is fixed
For example, the potential configurations for the two alternatives are provided in Table 3 when =64. If the number of panels is fixed, the corresponding parameter of and  are same for the two alternatives. Thus, it just needs to discuss the difference for them when larger number of panels is introduced. 
Table 3: Potential configurations of 64 CSI-RS ports
	
	Alt 1
	Alt 2

	64
	
	
	
	

	
	(4,8,1)
	(4,1)
	(4,4)
	(4,4)

	
	(8,4,1)
	(4,1)
	(2,8,2)
	(4,4)

	
	(4,4,2)
	(4,4)
	(4,2)
	(4,4)

	
	(8,2,2)
	(4,4)
	(4,8,1)
	(4,1)


In current specification, when  codebookMode could be set to either '1' or '2', and when  only codebookMode could only be set to '1'. Considering the feedback overhead, codebookMode should be set to '1' as well when . Note that the phase of inter-panel is independently reported with wideband. In addition, the indication of SD beam selection requires  bits and is reported with wideband.  bits are required to indicate the phase of inter-panels, where  denotes the number of bits for phase quantization of inter-panel. This implies that larger phase quantization overhead of inter-panel is required for lager number of panels. Assume that A=2 bits,  ,  for =64. Then, the total indication overhead of wideband is  + = 20 bits.
For Alt 2, indication overhead of SD beam selection will be increased when larger values of   is supported. Assume that A=2 bits,  ,  for =64. Then, the total indication overhead of wideband is  + = 11 bits. Compared with Alt 1, the indication overhead of wideband for Alt2 can be significantly reduced. In addition, the number of panels keeps invariable for Alt 2, and only parameters  is extended. Therefore, the legacy Type I multi-panel codebook design could be reused. The potential configurations of  and the corresponding values of  are given in Table 4 when   <.
Table 4: Potential configurations of  and  when   <
	Number of 
CSI-RS antenna ports, 
	
	

	
	
	

	48
	(2,4,3)
	(4,4)

	
	(2,6,2)
	(4,4)

	
	(6,1)
	(4,1)

	64
	(2,4,4)
	(4,4)

	
	(2,8,2)
	(4,4)

	
	(44,2)
	(4,4)

	
	(4,8,1)
	(4,1)

	96
	(2,6,4)
	(4,4)

	
	(2,8,3)
	(4,4)

	
	(2,12,2）
	(4,4)

	
	(2,24,1)
	(4,1)

	
	(4,4,3)
	(4,4)

	
	(4,12,1)
	(4,1)

	128
	(2,8,4)
	(4,4)

	
	(2,16,2)
	(4,4)

	
	(2,32,1)
	(4,1)

	
	(4,4,4)
	(4,4)

	
	(4,8,2)
	(4,4)

	
	(4,16,1)
	(4,1)


Proposal 6: Type I multi-panel codebook refinement based on extension of parameter   could be considered as a starting point, while the number of panels  is still set to 2 or 4.
Proposal 7: When  <, the configuration of parameters  and corresponding values of  as given in Table 4 could be considered as a starting point. 
Discussion on CSI enhancement based on Type II codebook refinement
According to WID in [1], Type II codebook refinement for up to 128 CSI-RS ports needs to be specified. Potential configurations of   and corresponding values of  have been given in Table 2 in section 2.2 when  <. In our view, these larger CSI-RS ports could be directly applied to Rel-15/16 regular Type II codebook. It does not need to modify any codebook parameter. For Rel-15/16/17 Type II port selection (PS) codebook, the maximum number of CSI-RS ports could be set to 32. Whether to support more than 32 CSI-RS ports needs to evaluate their performance. 
[bookmark: _Hlk159230209]For Rel-18 MIMO evolution, Rel-18 Type II CJT codebook (i.e., Enhanced Type II codebook for CJT or Further enhanced Type II port selection codebook for CJT in TS 38.214 [3]) and Rel-18 Type II Doppler codebook (i.e., Enhanced Type II codebook for predicted PMI or Further enhanced Type II port selection codebook for predicted PMI in TS 38.214 [3]) are provided based on enhancement of Rel-16 Type II codebook and Rel-17 Type II PS codebook. For Rel-18 Type II CJT codebook, up to 128 CSI-RS ports has been supported for 4 TRPs CJT. If up to 128 CSI-RS ports is supported for each TRP, the total number of CSI-RS ports can be up to 516 for 4 TRPs, which requires more CSI-RS resource overhead and higher computation complexity of UE. Therefore, Type II codebook refinement based on Rel-18 Type II CJT codebook for each TRP with up to 128 ports is not considered. Since Rel-18 Type II Doppler codebook is enhanced based on Rel-16/17 Type II codebook, Rel-18 Type II Doppler codebook could support more CSI-RS ports as well when Rel-16/17 Type II codebook could support larger number of CSI-RS ports. If Rel-15/16 regular Type II codebook and Rel-18 Type II Doppler codebook are used to refine for larger CSI-RS ports, the related values of codebook parameters for these Type II codebooks need to study and specify. Based on above discussion, we provide the following observation and proposal.
Observation 4: Rel-18 Type II CJT codebook has supported up to 128 ports. If up to 128 CSI-RS ports is supported for each TRP, it will require more CSI-RS resource overhead and higher computation complexity of UE.
Proposal 8: At least Rel-15/16 regular Type II codebook and Rel-18 Type II Doppler codebook could be refined for supporting up to 128 CSI-RS ports.
Discussion on CRIs-based CSI reporting for hybrid beamforming
In current specification, when the higher layer parameter reportQuantity is set to ‘CRI-RI-PMI-CQI’,   resources could be configured in one resource set for channel measurement. If , each resource contains at most 16 CSI-RS ports. If , each resource contains at most 8 CSI-RS ports. When the total antenna ports can be supported up to 128 port at gNB, such limitation on the CSI-RS ports per resource should be removed in order to extend hybrid beamforming and increase MU-MIMO scheduling opportunities.
When the higher layer parameter reportQuantity is set to ‘CRI-RI-PMI-CQI’, only one CSI-RS resource is selected. bits are used to indicate the selected resource. Then, the reported RI/PMI/CQI are calculated based on the selected resource. According to the WID in [1], more than one CRIs could be supported. The straightforward way is that the multiple CRI-based CSI reporting are independently transmitted to gNB. This implies that CSI feedback overhead is increased with the number of CRI increases. Assume that 1<K CRIs-based CSI reporting is required. The feedback overhead for CRI is  bits. In our view, one bitmap could be used to further reduce such overhead for some values of  or . For example, assume  , , legacy indication method needs  bits, while one bitmap with size 4 bits can indicate the selected K CSI-RS resources. Hence, 2 bits can be saved. 
Proposal 9：When 1<K CRIs-based CSI reporting is supported, the selected CSI-RS resource could be indicated by a bitmap with size  bits, where  is the number of configured CSI-RS resources.  
For RI/CQI/PMI reporting of multiple CRIs, the calculated RI may be same. In such case, it is feasible that only one RI is reported to save overhead. Similarly, for CQI or PMI reporting, the redundant CSI information, e.g., the same wideband CQI or the same selected SD/FD bases can also be omitted to save feedback overhead. How to reduce these redundant CSI information reporting could be studied and specified. 
Proposal 10: When multiple CRI-based CSI reporting is supported, how to save overhead of  RI/CQI/PMI reporting needs to study and specify. 
Reporting enhancement for CJT deployments under non-ideal synchronization and backhaul
During the discussion of CSI enhancement for CJT in Rel 18, it assumes that the multiple TRPs for CJT are deployed with ideal backhaul with ideal synchronization.  While for the frequency domain, both mode 1 and mode 2 are supported for codebookmode. Mode 1 is supported for different FD basis among different TRPs, while mode 2 is supported for same FD basis among different TRPs.
During the discussion of HST-SFN in Rel 17, TRP frequency pre-compensation was supported. And the steps have been agreed as below. The frequency offset was indicated to gNB by UL signals/channels implicitly.
	Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 



In Rel 19, if multiple TRPs for CJT are deployed with non-ideal synchronization and backhaul, it is necessary to let the gNB know the information on time difference and frequency offset among different TRPs. And UE reporting the time difference and frequency offset explicitly is preferred. Assuming legacy CSI-RS design, a CMR with  CSI-RS resources will be configured to UE, . Each CSI-RS resource refers to one TRP.
As for the time difference, it can be defined as reference signal time difference of CSI-RS from different TRPs. It can be similar to the definition of DL RSTD in [2] for positioning. It means the DL relative timing between TRP#j and reference TRP#i. 
Proposal 11: Support to report the time difference, which means the DL relative timing between TRP#j and reference TRP#i.
While for frequency offset, which means the doppler shift during the discussion in HST-SFN, was reported to the gNB by UL signals/channels implicitly. While for CJT with non-ideal backhaul, in order to reduce the signaling overhead and improve the accuracy, it is necessary to report the frequency offset aperiodically. And same as time difference, the frequency offset means the doppler shift difference between TRP#j and reference TRP#i.
Proposal 12: Support to report the frequency offset, which means the relative doppler shift between TRP#j and reference TRP#i.
For both relative timing and relative doppler shift, the reference TRP should be decided first. And the reference TRP should be aligned between gNB and UE. It can be configured implicitly, e.g., the CSI-RS resource with lowest RS ID in the CMR. It can also be configured by gNB explicitly or reported by UE explicitly. In order to reduce signaling overhead, the simplest way is to decide the reference TRP as the TRP with the CSI-RS resource with the lowest RS ID in the CMR. Since it is a stand-alone aperiodic reporting, TRP selection will be not reported together. But if the relative timing or the frequency offset between the first CSI-RS resource and others is very large and out of the quantization range, it is possible to give up the first configured CSI-RS resource. Thus the refence TRP can also be the first of the reported CSI-RS resource by UE.  
Proposal 13: The reference TRP can be the first of the  CSI-RS resources in the CMR, or the first of the N0 reported CSI-RS resources by UE for both time difference and frequency offset report. 
Conclusion
In this contribution, the CSI enhancement for larger scale transmit antenna ports and CJT are respectively discussed. The following proposals and observations on CSI enhancement are provided.
CSI enhancement for larger scale transmit antenna ports
Observation 1: If two CSI-RS resources are configured in two adjacent slots, it will lead to about 1 dB performance loss compared with the two CSI-RS resources configured in one slot.
Observation 2: When 1<N CSI-RS resources are configured in one slot, the adjacent N CSI-RS resources with same subcarrier or OFDM symbols in time and/or frequency domain could achieve better performance gain, compared with non-adjacent N CSI-RS resources with different subcarrier or OFDM symbols.
Observation 3: Compared with L=1 and L=4, L=8 still brings additional performance gain at high SNR for codebookmode = 2.
Observation 4: Rel-18 Type II CJT codebook has supported up to 128 ports. If up to 128 CSI-RS ports is supported for each TRP, it will require more CSI-RS resource overhead and higher computation complexity of UE.

Proposal 1: Legacy system-level simulation assumption for Type I codebook and Type II codebook could be reused, and some typical antenna elements setups and antenna port mapping, e.g., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1;4,8), (8,16,2,1,1;4,8) or (8,16,2,1,1;8,8) could be firstly considered for simulation evaluation.
Proposal 2: When   <, the configuration of parameters  and corresponding values of   as given in Table 2 could be considered as a starting point. 
Table 2: Potential number of CSI-RS ports, configurations of and 
when   <
	Number of 
CSI-RS antenna ports, 
	
	

	
	
	

	48
	(8,3)
	(4,4)

	
	(6,4)
	(4,4)

	
	(12,2)
	(4,4)

	64
	(8,4)
	(4,4)

	
	(16,2)
	(4,4)

	
	(32,1)
	(4,1)

	96
	(8,6)
	(4,4)

	
	(12,4)
	(4,4)

	
	(16,3)
	(4,4)

	
	（24,2）
	(4,4)

	
	(48,1)
	(4,1)

	128
	(8,8)
	(4,4)

	
	(16,4)
	(4,4)

	
	(32,2)
	(4,4)

	
	(64,1)
	(4,1)


Proposal 3: CSI-RS resources configuration enhancement, e.g., multiple adjacent CSI-RS resources with same subcarrier or OFDM symbols in time and/or frequency domain, should be supported to further improve system performance.
Proposal 4: Type I single-panel codebook refinement based on extension of parameter   could be considered as a starting point.
Proposal 5: For codebookmode = 2, a beam group with L=8 beams could be considered to further improve system performance compared with a beam group with L=4 beams.
Proposal 6: Type I multi-panel codebook refinement based on extension of parameter   could be considered as a starting point, while the number of panels  is still set to 2 or 4.
Proposal 7: When  <, the configuration of parameters  and corresponding values of  as given in Table 4 could be considered as a starting point. 
Table 4: Potential configurations of  and  when   <
	Number of 
CSI-RS antenna ports, 
	
	

	
	
	

	48
	(2,4,3)
	(4,4)

	
	(2,6,2)
	(4,4)

	
	(6,1)
	(4,1)

	64
	(2,4,4)
	(4,4)

	
	(2,8,2)
	(4,4)

	
	(44,2)
	(4,4)

	
	(4,8,1)
	(4,1)

	96
	(2,6,4)
	(4,4)

	
	(2,8,3)
	(4,4)

	
	(2,12,2）
	(4,4)

	
	(2,24,1)
	(4,1)

	
	(4,4,3)
	(4,4)

	
	(4,12,1)
	(4,1)

	128
	(2,8,4)
	(4,4)

	
	(2,16,2)
	(4,4)

	
	(2,32,1)
	(4,1)

	
	(4,4,4)
	(4,4)

	
	(4,8,2)
	(4,4)

	
	(4,16,1)
	(4,1)


Proposal 8: At least Rel-15/16 regular Type II codebook and Rel-18 Type II Doppler codebook could be refined for supporting up to 128 CSI-RS ports.
Proposal 9：When1<K CRIs-based CSI reporting is supported, the selected CSI-RS resource could be indicated by a bitmap with size  bits, where  is the number of configured CSI-RS resources.  
Proposal 10: When multiple CRI-based CSI reporting is supported, how to save overhead of  RI/CQI/PMI reporting needs to study and specify. 

CSI enhancement for CJT
Proposal 11: Support to report the time difference, which means the DL relative timing between TRP#j and reference TRP#i.
Proposal 12: Support to report the frequency offset, which means the relative doppler shift between TRP#j and reference TRP#i.
Proposal 13: The reference TRP can be the first of the  CSI-RS resources in the CMR, or the first of the N0 reported CSI-RS resources by UE for both time difference and frequency offset report. 
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Appendix
Table A-1: Link level simulation assumption
	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 15 kHz SCS

	System bandwidth
	10 MHz

	Channel model
	CDL-C

	Delay spread 
	1000 ns

	UE velocity
	3 km/h

	Antennas at UE
	(M, N, P, Mg, Ng; Mp, Np)= (1, 1, 2, 1, 1; 1, 1)

	Antennas at gNB
	(M, N, P, Mg, Ng; Mp, Np)= (4, 8, 2, 1, 1; 4, 8)

	CSI-RS  period
	5 slots

	Codebook type
	R15 single panel Type I codebook

	Rank
	1

	Detection algorithm
	MMSE

	Link adaptation
	Fixed MCS = 4 or 14

	Evaluation metric for Doppler based mode selection
	User BLER vs SNR



Pattern1	-9	-8.5	-8	-7.5	-7	0.26419999999999999	0.2049	9.5600000000000004E-2	1.18E-2	1.5E-3	Pattern2	-9	-8.5	-8	-7.5	-7	0.2782	0.20619999999999999	9.6600000000000005E-2	1.5800000000000002E-2	1.8E-3	Pattern3	-9	-8.5	-8	-7.5	-7	0.2646	0.2064	9.6799999999999997E-2	1.7000000000000001E-2	2.2000000000000001E-3	Pattern4	-9	-8.5	-8	-7.5	-7	0.28089999999999998	0.21210000000000001	0.11840000000000001	2.0299999999999999E-2	2.7000000000000001E-3	Pattern5	-9	-8.5	-8	-7.5	-7	0.28449999999999998	0.21229999999999999	0.1191	2.2499999999999999E-2	2.8999999999999998E-3	SNR/dB


BLER




Pattern1	-6	-5	-4	-3	-2.5	0.5	0.40300000000000002	0.13469999999999999	8.8000000000000005E-3	1.6999999999999999E-3	Pattern2	-6	-5	-4	-3	-2.5	0.51	0.40300000000000002	0.1263	1.0999999999999999E-2	2.2000000000000001E-3	Pattern3	-6	-5	-4	-3	-2.5	0.51	0.40300000000000002	0.1237	1.0999999999999999E-2	2.5000000000000001E-3	Pattern4	-6	-5	-4	-3	-2.5	0.52	0.4073	0.13750000000000001	1.4999999999999999E-2	2.8999999999999998E-3	Pattern5	-6	-5	-4	-3	-2.5	0.53	0.40720000000000001	0.14119999999999999	1.6E-2	3.5000000000000001E-3	SNR/dB


BLER




L=1	-9	-8.5	-8	-7.5	-7	-6.5	0.2742	0.1663	9.1200000000000003E-2	5.2499999999999998E-2	1.8700000000000001E-2	3.2000000000000002E-3	L=4	-9	-8.5	-8	-7.5	-7	-6.5	0.26529999999999998	0.1613	8.8700000000000001E-2	0.05	1.7500000000000002E-2	2.8E-3	L=8	-9	-8.5	-8	-7.5	-7	-6.5	0.2646	0.1638	8.8700000000000001E-2	0.05	1.4999999999999999E-2	2.3E-3	SNR/dB


BLER




one slot	-9	-8.5	-8	-7.5	-7	-6.5	0.28089999999999998	0.21210000000000001	0.11840000000000001	2.0299999999999999E-2	2.7000000000000001E-3	two slot	-9	-8.5	-8	-7.5	-7	-6.5	0.41930000000000001	0.34420000000000001	0.24829999999999999	0.18	8.3299999999999999E-2	8.6999999999999994E-3	SNR/dB


BLER
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