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Introduction
In the RAN#106 meeting, many issues on CSI enhancement for up to 128 port and CJT were raised. In this contribution, these issues are respectively discussed.
Discussion on CSI enhancement for up to 128 ports 
CSI-RS resource configuration
For CSI-RS resource configuration for supporting up to 128 ports, the following agreements were identified [1]. 
	Agreement
For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)


The support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
· For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
· For the Rel-19 Type-II codebook refinement based on Rel-18 Type-II Doppler regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· [bookmark: OLE_LINK6]FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· [bookmark: OLE_LINK7]FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. PCoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· Note: If the supported number of ports does not require aggregation of 3 resources, K=3 can be removed


According to the agreement, K=2, 3, or 4 legacy NZP CSI-RS resources could be configured for supporting to up to 128 ports. The remained issue is how to configured these 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 1<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 single 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 are given. We can observe that almost 2 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 configurated in one and two adjacent slots based on Rel-15 Type I codebook refinement
Observation 1: Compared with the two CSI-RS resources configured in one slot, two CSI-RS resources configured in two adjacent slots leads to almost 2 dB performance loss.
If 1<K 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 K 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 2, potential 3 patterns including adjacent or non-adjacent in time domain or frequency domain, and same or different subcarriers or OFDM symbols for two CSI-RS resources, are respectively given. Pattern1 denotes the two resources are adjacent in time domain. At same time, the subcarriers of the two CSI-RS resources are same for Pattern 1. For Pattern 2, the OFDM symbols for the two resources are same, but they are non-adjacent in frequency domain. For Pattern 3, they are non-adjacent in frequency domain and have different OFDM symbols. Different patterns may lead to different accuracy of channel estimation. As a result, performance gain will be different for these patterns. Figure 3 (a) and Figure 3 (b) respectively show the performance comparison of different patterns for PCSI-RS=48 and PCSI-RS=64. We can see that Pattern 1 always achieve better performance than other two patterns.
[image: ]
Figure 2: Configuration patterns of two CSI-RS resources in one slot. 

(a) PCSI-RS=48
 
(b) PCSI-RS=64
Figure 3: Performance comparison of different CSI-RS resource configuration patterns with same density and CDM type based on Rel-15 Type I codebook refinement.
Observation 2: For PCSI-RS =48 and 64 ports, when 1<K CSI-RS resources are configured in one slot, the K CSI-RS resources with same subcarrier could achieve better performance gain, compared with the K CSI-RS resources with different subcarriers and/or OFDM symbols.
Notice that the density of CSI-RS resource could be configured as 1 or 0.5 for Pattern 1. For Pattern 2 and Pattern 3, the density could only be configured as 0.5. For PCSI-RS=128, K=4 resources should be configured. It is impossible that the four resources are configured in one RB. This implies these resources should be configured across the adjacent RBs. In frequency domain, these resources could be adjacent or not. Based on our observation, there is no much difference on performance whether these resources could be adjacent or not. Hence, Pattern 2 or 3 could be adopted to configure four resources. 
Proposal 1: For PCSI-RS=48 or 64, K CSI-RS resources configured with same subcarrier in a slot could be supported. For PCSI-RS=128, K CSI-RS resources configured with time domain multiplex and frequency domain multiplex in a slot could be supported. 
In current specification, the CDM type includes CDM-2, CDM-4 and CDM-8. Based on our observation, there are no much difference on performance for multiple resources with same or different CDM types. Different resources with CDM types could make the configuration be flexible. However, it may incur to increase implement complexity of channel estimation if different resources adopt different CDM types. For simplicity, same CDM types is preferred. 
For density configuration of CSI-RS resources, we have similar observation that the performance of different CSI-RS resources configured with same and different densities is similar. Although different densities lead to configuration be flexible, it also makes the implement complexity be increased. Hence, the same density should be configured for all resources. 
Since the K CSI-RS resources are configured for single TRP, the QCL relationship among K resources should be same. In current specification, the CDM type and density of all resources which configured in a CSI-RS resource set are same. According to above discussion, the CDM type and density are same for the K resources. Hence, we suggest the K CSI-RS resources are configured in a same CSI-RS resource set. Note that the starting RB and bandwidth are same for all resources in a resource set in current specification. However, K resources could be configured different RBs for 128 ports according to above discussion. 
For legacy Type I or Type II codebook-based CSI feedback, one ZP/NZP could be configured for interference measurement. For Rel-19 CSI enhancement based on Type I or Type II codebook refinement, one ZP/NZP CSI-RS resource for interference measurement is sufficient. We do not see the intention of configuring multiple ZP/NZP CSI-RS resources for interference measurement. 
Proposal 2: K CSI-RS resources configured with same QCL and within a same CSI-RS resource set are supported.  For 128 CSI-RS ports, the starting RB could be different for different resources. 
Proposal 3: Only one ZP/NZP CSI-RS resource for interference measurement is supported for Type I/Type II codebook refinement to up to 128 CSI-RS ports.
CSI enhancement based on Type I codebook refinement
According to discussion on Type I codebook refinement, the following agreements and proposals are given in [1]. 
	Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
·  
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead


Scheme 1 is an extension of legacy Rel-15 Type I single panel codebook, which does not require much more specification efforts. Since the number of antenna pots increases, the larger performance gain is expected. Hence, Scheme 1 should be supported.  For other schemes, we are open to study whether these schemes could achieve better performance gain. In our view, whether to support the other schemes should consider the tradeoff between performance, overhead and computation complexity. 
Proposal 4: Scheme 1 should be supported. The performance, overhead and computation complexity should be considered to determine whether to support other schemes. 
In the last meeting, one remained issue is whether to support Type I multi-panel codebook. We think at least both specification efforts and commercial demand need to be considered before making a decision. Assume that Type I multi-panel is supported. The following two alternatives could be considered since the number of CSI-RS 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.1 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.1: 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. 2 when   <.
Table.2: 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)

	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 5: If Type I multi-panel codebook refinement is supported, extension of parameter  for each panel could be considered as a starting point, while the number of panels  is same as the legacy configuration, e.g., 2 or 4.
Proposal 6: When  <, the configuration of parameters  and corresponding values of  as given in Table 2 could be considered as a starting point. 
CSI enhancement based on Type II codebook refinement
The following agreement on Type II codebook refinement were achieved according to discussion in the last meeting [1]. 
	Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.
Note: Per WID objective 2b, 
· No other legacy codebook design aspects (such as SD/FD/DD basis design including O1/O2, W2/combining coefficient design, codebook parameter definitions and respective values) can be modified.
· Only RI=1-4 is supported 

Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I


According to above agreements, one remained issue is how to configure aggregated NZP CSI-RS resources when aperiodic CSI-RS (AP-CSI-RS) resources are configured as CMR for Rel-18 Type II Doppler codebooks. For legacy Rel-18 Type II Doppler codebook, Ks = {4, 8, 12} aperiodic CSI-RS resources are supported, and the interval between two adjacent slots is d slots. These resources are configured within a same CSI-RS resource set. Based on discussion on CSI-RS resource configuration for supporting up to 128 ports in section 2.1, K resources should also be configurated in a same CSI-RS resource set. Hence, in order to support Rel-18 Type II Doppler codebooks refinement for up to 128 ports, K Ks AP-CSI-RS resources should be configured in a CSI-RS resource set. Note that K AP-CSI-RS resources should be transmitted at each instance for measuring channel of up to 128 ports. Then, K Ks AP-CSI-RS resources are transmitted for predicting the future CSI. In order to distinguish the different functionality of these AP-CSI-RS resources, we suggest K Ks AP-CSI-RS resources are divided into Ks AP-CSI-RS resources groups and each group including K resources. According to discussion in section 2.1, K resources should be configured in one slot. Hence, the interval between two adjacent resource group is still d slots. 
Proposal 7: Ks aperiodic CSI-RS resources group each with K resources are configured within a same CSI-RS resource set for Rel-18 Type II Doppler codebooks.
The other issue is how to indicate SD basis selection or port selection for Rel-16 eType II codebook and Rel-17 Type II port selection codebook refinement. The SD basis selection indication for legacy Rel-16 eType II codebook includes two parts. The first part is used to indicate one candidate orthogonal SD basis group which includes  SD basis vectors. The second part is used to indicate the selected L SD basis vectors from the orthogonal SD basis group. The indication overhead of the first part and second part is respectively  bits and  bits, where  and  are oversampling factor, is combination coefficients computation. In current specification, the number of any combinatorial value  with  and  should be stored in UE memory for indicating the SD bases or ports. This will consume a lot of UE memory as L or  increases. In order to save such memory, we suggest that the candidate  SD basis vectors in an orthogonal SD basis group are further divided into K group, in which   candidate SD basis vectors are included in each group. Then, UE respectively indicates the number of the selected SD basis vectors   and the selected  SD basis vectors for the k-th group, k. Note that the number of the selected SD basis vectors  is equal to  for the K-th group, since L configured as a codebook parameter is known to UE. Hence, it is not necessary to indicate the number of the selected SD basis vectors of the K-th group. In Figure.4, SD basis selection indication for Type II codebook refinement for up to 128 ports is illustrated. In the figure, Ak and Bk  bits are used to indicate the values of   and the selected  SD basis vectors respectively. Since , the overhead of A2 is 0 bit. Since the potential values of  is 0, 1, …, K, the number of SD basis for the k-th group could be indicated by  bits, i.e., Ak =. 


Figure.4:  The illustration of SD basis and port selection indication for Type II codebook refinement for up to 128 ports
Assume L=4, , , if legacy indication method for SD basis selection is reused, the indication overhead is  =20 bits. If  SD bases are divided into two group to indicate the SD basis selection, the total indication overhead of SD basis selection is given in the Table. 3. 
Table. 3: The total indication overhead of SD basis selection after  SD bases are further dividing into two groups
	
	
	The total overhead of SD basis selection is   （bits）

	0
	4
	18

	1
	3
	21

	2
	2
	21

	3
	1
	21

	4
	0
	18


We can observe that the total overhead by using the proposed method is similar with the legacy indication method. However, the proposed method does not need to increase UE memory. 
Similarly, for Rel-17 Type II port selection, the proposed method could be reused to indicate the port selection. Assume , . Then, L =. If legacy method is adopted, the overhead is  bits. If  ports are divided into two group to indicate the port selection, the indication overhead is given in the Table. 4.
Table. 4: The total overhead of port selection after  ports are further dividing into two groups each with  ports
	
	
	The total overhead of port selection is   （bits）

	8
	16
	19

	9
	15
	23

	10
	14
	25

	11
	13
	28

	12
	12
	27

	13
	11
	28

	14
	10
	25

	15
	9
	23

	16
	8
	19


We can see that there is no much difference on the total overhead for the proposed method and legacy indication method for Rel-17 Type II port selection codebook refinement. However, the proposed method could reuse the computation table of  in current specification, which implies that the proposed method does not increase UE memory.
Proposal 8: On SD basis or port selection indication, the candidate SD basis vectors or ports are divided into K=2 or 4 groups, and the values of Lk and the selected Lk SD basis vectors or ports are respectively indicated for the k-th group if needed.
For Type II codebook, the configured CBSR includes two parts. The first part is used to indicate which beams group needs to be restricted. The second part is used to indicate how to restrict these beam groups. This legacy method of CBSR configuration could be extended to Rel-19 Type II codebook refinement. For Rel-18 Type II CJT codebook, multiple CBSRs are configured as a list. In the list, each CBSR corresponds to a CSI-RS resources. For Rel-19 Type II codebook refinement, this CBSR configuration method could be adopted since the configured CBSR should correspond to multiple resources as well. However, due to these resources corresponding to the single TRP, the restricted beam groups should be same for all CSI-RS resources, which is different from CBSR configuration of Rel-18 Type II CJT codebook. In addition, the selected beams may only concentrate on partial CSI-RS resources. This implies partial resources could not be configurated with CBSR, which make the overhead of CBSR be reduced. 
Proposal 9: For CBSR configuration of Rel-19 Type II codebook refinement, if CBSR is configurated as a list as Rel-18 Type II CJT codebook does, one common restricted beam groups and configurating CBSR of partial CSI-RS resources could be considered to reduce the overhead of CBSR configuration. 
CRIs-based CSI reporting for hybrid beamforming
In the RAN1#116 meeting, the following agreement on CRI-based CSI reporting were achieved [1]. Based on offline discussion, one proposal provided by FL was also given in [2].
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· [bookmark: OLE_LINK1]Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signaling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook

Proposal 2.A: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed


According to the proposal 2.A, M>1 is supported for Rel-15 Type-I single panel codebook, and M=1 is supported for Rel-16 eType II codebook as well. Note that Rel-16 eType II codebook is high resolution codebook, which is much more suitable for MU-MIMO. If only M=1 is supported, it will limit the scheduling opportunity of MU-MIMO. In order to make more users be scheduled for improving system performance, M=2 could be supported as well.
Proposal 10：The number of CRIs M=2 could be supported for eType II codebook.  
In current specification, if CSI report quantity is configured as ‘CRI-RI-PMI-CQI’, the CSI report includes two parts. Part 1 may include CRI, RI and CQI, while Part 2 may include PMI. According to above agreement, M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance is supported. This implies the CSI feedback overhead will be increased linearly with the number of CRI. How to reduce the overhead of M CRI-based CSI reporting should be considered.  
For CRI, the indication overhead for CRI is  bits if legacy method is adopted. In our view, one bitmap could be used to further reduce indication overhead of CRI. For example, Let , , legacy indication method needs  bits, while one bitmap with size 8 bits can indicate the selected M CSI-RS resources. Hence, 4 bits can be saved. In addition, the value of RI may be same since the best M CSI-RS resources are selected. Therefore, the single RI is sufficient for the M resources. Accordingly, there is no much difference on the values of reported M CQIs. This implies that the M CQI could be indicated through differential method to further reduce overhead. Although the analog beams are different for M CSI-RS resources, the selected spatial domain (SD) or frequency domain (FD) basis vectors may be same since the location of UE is same when different analog beams are adopted to select SD or FD basis vectors. Therefore, it is not necessary to indicate the selected SD or FD basis vectors for each CSI-RS resource, which could further save feedback overhead.  
Proposal 11：The single indication for M reporting quantities, i.e., CRI, RI, SD basis, and differential indication for channel quality could be considered to reduce total feedback overhead of M CRI-based CSI reporting.  
The remains issue how to pack the information of M “quadruplets” such that the performance loss is limited when CSI omission occurs.  One method is that CSI reporting for each CSI-RS resource is packed one by one, which is similar to CSI reporting for NCJT. The question is the whole CSI reporting for one CSI-RS resource may be omitted if CSI omission occurs. In such case, network will not know any measurement information for the dropped CSI. Network needs to know the RI or CQI for all M CSI-RS resources so that network could configure suitable value of M or flexibly schedule multiple-users. In order to avoid such issues, we suggest the information of M “quadruplets” is divided into two groups. The first group includes the Part 1 of reported CSI for each CSI-RS resource. The second group includes the Part 2 of reported CSI for each CSI-RS resource, as shown in Figure. 5. According to the packing method, network may still know the information of Part 1 for the two CRI-based CSI even the information of the second group is omitted. 


Figure. 5:  Two groups-based reporting for the information of M “quadruplets”
Proposal 12: The information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} could be contained in two groups, where the first group and second group respectively include the Part 1 and Part 2 of measured CSI according to each CSI-RS resource. 
Reporting enhancement for CJT deployments under non-ideal synchronization and backhaul
Delay offset report
According to the discussion in RAN1-116 meeting, the following agreements are archived on delay offset reporting.  
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption



As for the delay offset, it can be defined as reference signal time difference of the n-th CSI-RS resource and the reference CSI-RS resource. 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 13: The delay offset can be measured as the DL relative timing between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set.
As for dn which is a 1-bit indicator, it is used to indicate whether the measurement delay offset plus delay spread is inside or outside a pre-defined range/interval. But the value of the predefined range(s) needs to be discussed and decided. Since inter symbol interference will be existed if the delay of multi-path is longer than CP, the value of pre-defined range should be the value of CP length.  
Proposal 14: Support the value of CP length as the predefined range for dn.
For relative delay offset, 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. 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. But it this case, the delay offset of the n-th CSI-RS may be larger or smaller than 0, the number of bit for Dn will be increased by 1 bit. If the reference CSI-RS resource is reported by UE, UE can select the CSI-RS resource /resource set with the shortest delay as the reference CSI-RS resource /resource set. Thus the delay offset of the n-th CSI-RS must be larger than 0 and the number of bit for Dn will be 1 bit shorter. Thus we prefer the reference CSI-RS resource /resource set reported by UE and the delay offset falls into 0 and AD.
Proposal 15: The reference CSI-RS resource /resource set can be reported by UE and the delay offset falls into 0 and AD, i.e., Alt 1.
As for the QCL assumption, legacy mechanism can only support frequency compensation by applying the doppler shift and doppler spread of the first TCI state only when two TCI states are indicated. In order to support the compensation of delay offset, the similar mechanism can be used. It means UE can apply the delay spread and average delay of only the first TCI state and omit that of the second TCI state, i.e., QCL Type B can be configured in the second TCI state.
Proposal 16: QCL Type B can be configured in the second TCI state if delay offset is compensated by NW.
Frequency offset report
While for frequency offset, the following agreements are archived on frequency offset reporting.  Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 

As for the frequency offset, which includes the frequency error of oscillator and the doppler shift. 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. As for the reference CSI-RS resource/resource set, as same as delay offset report, we prefer UE reports. Also in this case, the frequency offset can be larger than 0. For the value of FOn, we prefer Alt 2, i.e., The value of FOn indicates the interval  with uniformly spaced between 0 and AFO.
Proposal 17: The frequency offset can be reported either by the indication of the interval  or indication a uniformly quantized FO between 0 and AFO.
As for the unit of AFO, since the unit of frequency error is ppm/ppb relative to carrier frequency and the value of doppler shift also depends on the carrier frequency except the velocity of the UE, it is better to set the unit of the AFO as ppm/ppb relative to carrier frequency.
Proposal 18: Support ppm/ppb relative to carrier frequency as the unit of frequency offset.
TRP selection
 While for TRP selection, the following agreements are archived.  Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)

As for Opt 2, it is difficult to select the TRP for NW without knowledge of each TRP. But for Opt3, it can be realized by Opt1 with dn to indicate whether it is out of range. Thus, we prefer Opt 1. 
Proposal 19: Prefer Opt 1, i.e., The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets.
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 up to 128 ports
Observation 1: Compared with the two CSI-RS resources configured in one slot, two CSI-RS resources configured in two adjacent slots leads to almost 2 dB performance loss.
Observation 2: For PCSI-RS =48 and 64 ports, when 1<K CSI-RS resources are configured in one slot, the K CSI-RS resources with same subcarrier could achieve better performance gain, compared with the K CSI-RS resources with different subcarriers and/or OFDM symbols.

Proposal 1: For PCSI-RS=48 or 64, K CSI-RS resources configured with same subcarrier in a slot could be supported. For PCSI-RS=128, K CSI-RS resources configured with time domain multiplex and frequency domain multiplex in a slot could be supported. 
Proposal 2: K CSI-RS resources configured with same QCL and within a same CSI-RS resource set are supported.  For 128 CSI-RS ports, the starting RB could be different for different resources. 
Proposal 3: Only one ZP/NZP CSI-RS resource for interference measurement is supported for Type I/Type II codebook refinement to up to 128 CSI-RS ports.
Proposal 4: Scheme 1 should be supported. The performance, overhead and computation complexity should be considered to determine whether to support other schemes. 
Proposal 5: If Type I multi-panel codebook refinement is supported, extension of parameter  for each panel could be considered as a starting point, while the number of panels  is same as the legacy configuration, e.g., 2 or 4.
Proposal 6: When  <, the configuration of parameters  and corresponding values of  as given in Table 2 could be considered as a starting point. 
Proposal 7: Ks aperiodic CSI-RS resources group each with K resources are configured within a same CSI-RS resource set for Rel-18 Type II Doppler codebooks.
Proposal 8: On SD basis or port selection indication, the candidate SD basis vectors or ports are divided into K=2 or 4 groups, and the values of Lk and the selected Lk SD basis vectors or ports are respectively indicated for the k-th group if needed.
Proposal 9: For CBSR configuration of Rel-19 Type II codebook refinement, if CBSR is configurated as a list as Rel-18 Type II CJT codebook does, one common restricted beam groups and configurating CBSR of partial CSI-RS resources could be considered to reduce the overhead of CBSR configuration. 
Proposal 10：The number of CRIs M=2 could be supported for eType II codebook.  
Proposal 11：The single indication for M reporting quantities, i.e., CRI, RI, SD basis, and differential indication for channel quality could be considered to reduce total feedback overhead of M CRI-based CSI reporting.  
Proposal 12: The information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} could be contained in two groups, where the first group and second group respectively include the Part 1 and Part 2 of measured CSI according to each CSI-RS resource. 

CSI enhancement for CJT
Proposal 13: The delay offset can be measured as the DL relative timing between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set.
Proposal 14: Support the value of CP length as the predefined range for dn.
Proposal 15: The reference CSI-RS resource /resource set can be reported by UE and the delay offset falls into 0 and AD, i.e., Alt 1.
Proposal 16: QCL Type B can be configured in the second TCI state if delay offset is compensated by NW.
Proposal 17: The frequency offset can be reported either by the indication of the interval  or indication a uniformly quantized FO between 0 and AFO.
Proposal 18: Support ppm/ppb relative to carrier frequency as the unit of frequency offset.
Proposal 19: Prefer Opt 1, i.e., The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets.
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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
	48ports: (M, N, P, Mg, Ng; Mp, Np)=(12,8,2,1,1,3,8), (dH,dV) = (0.5, 0.8)λ
64ports: (M, N, P, Mg, Ng; Mp, Np)=(12,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ
128ports: (M, N, P, Mg, Ng; Mp, Np)=(12,16,2,1,1,4,16), (dH,dV) = (0.5, 0.8) λ

	CSI-RS  period
	5 slots

	Codebook type
	R15 single panel Type I codebook

	Rank
	1

	Detection algorithm
	MMSE

	Link adaptation
	Fixed MCS = 4

	Evaluation metric for Doppler based mode selection
	User BLER vs SNR
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