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Introduction
According to the discussion in the RAN#116-bis meeting, the remained issues on CSI-RS resource configuration, Type I/Type II codebook, CRI-based reporting and enhancement for CJT were provided. In this contribution, these remained issues are respectively discussed.
Discussion on CSI enhancement for up to 128 ports 
CSI-RS resource configuration
In [1], the following agreements on CSI-RS resource configuration for up to 128 ports were identified. 
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all K NZP CSI-RS resources shall be located within 1 slot or 2 consecutive slots (following legacy principle from Rel-18 Type-II CJT), and are associated with a same CSI-RS resource set:
· FFS(RAN1#116bis): Whether ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability 
· FFS (RAN1#116bis): Verify if this can be achieved without refinement on CSI-RS resource set restrictions (i.e. same CDM type, same RE density, same starting RB for 0.5 RE/RB/port density, same number of RBs, for AP-CSI-RS same slot offset). If not, the supported refinement(s)
· FFS (RAN1#116bis): Whether additional restriction(s) beyond the restrictions on the CSI-RS resources associated with a same resource set are needed (e.g. same QCL, PCoffset, PCOffsetSS)
· FFS (RAN1#116bis): Extension for Rel-19 Type-II based on Rel-18 Type-II Doppler with aperiodic CMR
Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, the legacy resource configuration for interference measurement is reused, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured where the one IM resource is associated with all the K CSI-RS resources in the CSI-RS resource set for channel measurement
Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· For AP-CSI-RS, allow resource-specific slot offset when the K NZP CSI-RS resources are located in two consecutive slots
· FFS: details on how to configure/determine the slot offsets
Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all the K>1 NZP CSI-RS resources also share the same QCL, PCoffset, and PCoffsetSS. In addition: 
· ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability

Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on the Rel-18 Type-II Doppler codebook, support the following aperiodic CMR configuration:
· A UE can be configured with KDOPP = {4, 8, 12} CSI-RS resource groups for the purpose of aperiodic CMR as needed by Type-II Doppler CSI
· The time separation between the first resources from two consecutive groups (=m) can be configured from {1, 2} 
· FFS: The need for additional restriction in time domain
· Each CSI-RS resource group comprises K NZP CSI-RS resources (K defined in previous agreements) for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks
· All the KDOPP CSI-RS resource groups are associated with a same CSI-RS resource set configuration
FFS: the determination of CSI-RS resource group that a CSI-RS resource is associated with
Conclusion
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, for a given massive TXRU/antenna array, there is no consensus on the need for specification support for cell-specific precoder(s) for many-to-one mapping (virtualization) from multiple TXRUs to each CSI-RS port to facilitate full usage of all TXRUs for a pre-Rel-19 UE (i.e. cell-specific beamformed CSI-RS for pre-Rel-19 UEs)


One remained issue is how to configure/determine the slot offsets for K aperiodic (AP)-CSI-RS resources which located in two consecutive slots. The straightforward method is that each AP-CSI-RS resource is separately configured with a slot offset. The other way is that the slot of AP-CSI-RS resources which located in the first slot is determined by the higher layer parameter aperiodicTriggeringOffset. Then, the slot offset of the remained AP-CSI-RS resources is equal to value of aperiodicTriggeringOffset plus one. However, NW has to indicated which resources are located in the first or second slot. For simplicity, we suggest each resource is separately configured with a slot offset.
Proposal 1: Each aperiodic CSI-RS resource is separately configured with a slot offset if K aperiodic CSI-RS resources are located in two consecutive slots. 
According to above agreements, A UE can be configured with KDOPP = {4, 8, 12} CSI-RS resource groups for the purpose of aperiodic channel measurement resource (CMR) as needed by Type-II Doppler CSI, and each CSI-RS resource group comprises K=2, 3, or 4 CSI-RS resources for supporting up to 128 ports. The remained issue is how to determine each CSI resource associated with which CSI-RS resource group. Notice that the  resources are associated with a same CSI-RS resource set. The simple way is the i-th CSI-RS resource is associated with the  -th CSI-RS resource group, where i is the index of CSI-RS resource in the CSI-RS resource set. Since each resource is associated with resource ID, the index i of CSI-RS resource could also be determined after reordering all CSI-RS resources according to CSI-RS resource ID. 
Proposal 2: The i-th CSI-RS resource is associated with the  -th CSI-RS resource group, where i is the index of CSI-RS resources in the CSI-RS resource set or the index of CSI-RS resources after reordering all CSI-RS resources according to CSI-RS resource ID.
CSI enhancement based on Type I /Type II codebook refinement
The following agreements on Type I/Type II codebook refinement were achieved in [1]. 
	[bookmark: _Hlk164757523]Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Scheme-B (based on Scheme2 in RAN1#116 agreement): 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
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed
Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement
Conclusion 
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=1-4, there is no consensus on supporting the following additional enhancements: Mode-C, inter-polarization amplitude for Scheme-B, larger values of L (>1, including 2, …, 10)
Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, O1=O2 is 4
· FFS: Additional support for O1=O2 is 2 when RI=1-4 (including separate UE capability)
Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layer s sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded
Agreement
For the Rel-19 Type-I codebook refinement for 48, 64, and 128 CSI-RS ports, 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 SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’
Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).


Rel-19 Type-I single-panel (SP) codebook refinement
When rank>4, one issue is whether to support 4 SD basis vectors for RI=5-6 for Scheme 2. Scheme 2 follows the design of Scheme B, which allows UE to freely select SD basis vectors from a group of extension of N1N2 orthogonal SD DFT basis vectors. Scheme B is supported due to its higher performance gain.  The obtained higher performance gain is owing to freely selecting more SD basis vectors. Hence, for higher rank, e.g., RI=5-6, it is necessary to allow UE to freely select more SD basis vectors as far as possible so that higher performance gain could be obtained. 
Proposal 3: For Scheme 2, four selected SD basis vectors should be supported for RI=5-6. 
The other issue is how to map L selected SD basis vectors to v layers. In current specification, the first layer and the second layer adopt the same SD basis vectors, while third layer and fourth layer adopt another same SD basis vectors for RI=5. According to above discussion, 4 SD basis vectors should be mapped to 5 layers. The legacy mapping method could not be reused. To address such issue, the following options could be considered. 
· Option 1: Pre-defining the first and second layer adopt the same SD basis vector. Then, the remained 3 SD basis vectors are respectively mapped to the other three layers. 
· Option 2: Addition indication information is used to indicate which layers adopt the same SD basis vector. 
If Option 2 could not bring obvious performance gain, Option 1 is preferred. Similarly, Option 1 and Option 2 could be applied to RI=6 as well. Note that the first three layers and the last three layers respectively corresponds to the first codeword and second codeword for RI=6. The two layers which adopt the same SD basis vector should correspond to the same codeword. Hence, we can predefine the first and second layer adopt the same SD basis vector, and the fourth and fifth layer adopt the other same SD basis vector. For RI=7 or 8, the legacy mapping method for Rel-15 Type I SP codebook could be reused. Based on above discussion, we provide the following proposal.
Proposal 4: The following mapping method between selected SD basis vectors and layers could be considered for rank>4.
	Rank
	Mapping between selected SD basis vectors and layers

	5
	

	6
	

	7
	

	8
	



Rel-19 Type-I multi-panel (MP) codebook refinement
According to above agreement, compared to the Rel-19 Type-I SP codebook refinement, the discussion on Type-I MP codebook in Rel-19 is suggested to deprioritize. Considering a lot of remained issues on Type I/Type II codebook refinement and CRI-based CSI reporting need to be addressed, we suggest to deprioritize the discussion Type-I multi-panel (MP) codebook refinement in Rel-19.  
Proposal 5: Considering there are still a lot of remained issues on CSI enhancement in Rel-19 to be discussed, deprioritize the discussion Type-I multi-panel (MP) codebook refinement. 
[bookmark: _Hlk166152126]In current specification [3], when CSI report reportQuantity is configured as 'cri-RI-PMI-CQI', the value of OCPU is equal to Ks, where Ks is the number of CSI-RS resources in the CSI-RS resource set for channel measurement. For Type I/Type II codebook refinement in Rel-19, it has agreed that K={2,3,4} CSI-RS resources in a CSI-RS resource set are configured for channel measurement. Hence, the value of OCPU is equal to K. According to the illustration in [3], if a CSI-RS resource is referred N times by one or more CSI Reporting Settings not configured with higher layer parameter csi-ReportSubConfigList, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. Since each resource is only referred once for Type I codebook or Rel-16/17 Type II codebook refinement, the number of active CSI-RS resources is one.  For Rel-18 Type II Doppler codebook, the number of active the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted  times when periodic or semi-persistent CSI-RS resource are configured. For Rel-19 Type I SP and Type II codebook refinements, such legacy counting the active CSI-RS resources could be reused. 
Proposal 6: For Rel-19 Type I SP and Type II codebook refinements, =  and legacy rule of active CSI-RS resource counting for different codebook type can be supported.
CRI-based CSI reporting for hybrid beamforming
The following agreement on CRI-based CSI reporting were achieved [1].
	Agreement
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
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following time-domain behaviours:
· For Rel-15 Type-I SP codebook:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· For Rel-16 eType-II codebook:
· Semi-persistent CSI on PUSCH (channel(s) and multiplexing rules follows legacy)
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy CMR and IMR rules for the Rel-15 CRI-based reporting. This includes:
· All the KS NZP CSI-RS resources are associated with a same CSI-RS resource set
· KS CSI-IM resources can be configured (implying one-to-one correspondence between KS CMRs and KS CSI-IMs)
FFS: Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS
FFS: Whether or not NZP CSI-RS resource for interference measurement can be configured. FFS further details.
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, Pcoffset and PcoffsetSS are CSI-RS-resource-specific (i.e. configured independently across resources)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, SD basis selection is independently signalled per CRI (per CSI-RS resource)
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured


The motivation of CRI-based CSI reporting for up to 128 ports is to provide more opportunity of MU-MIMO scheduling. gNB should obtain the PMI of multiple users. Hence, PMI associated with each CRI should be reported. When M=1, the report quantities ‘cri-RI-i1-CQI’ or  ‘cri-RI-i1’ could be supported for Type I codebook, since it follows the legacy CSI reporting method. However, when M>1, gNB could not obtain whole PMI for the report quantities ‘cri-RI-i1-CQI’ or ‘cri-RI-i1’. This results that it is hard for gNB to use the reported CSI for MU-MIMO scheduling. Hence, it needs to justify supporting multiple report quantities‘cri-RI-i1-CQI’ or  ‘cri-RI-i1’. 
Proposal 7：The CSI report quantities ‘cri-RI-i1-CQI’ or ‘cri-RI-i1’ for up to 128 CSI-RS ports could be supported only when M=1.  
It has agreed that 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.  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. If there are no much performance loss, CRI-common RI could be supported to save feedback overhead. Accordingly, the reported M CQIs are similar as well. This implies that the M CQI could be indicated through differential method to further reduce overhead. 
Proposal 8：CRI -common RI could be supported if there is no much performance loss.  
[bookmark: OLE_LINK1]In current specification, one or Ntrp CBSRs is configured for Ntrp={1,2,3,4} CSI-RS resources for Rel-18 Type II CJT codebook. In [2], KS={2,3,4} or {5,6,7,8} CSI-RS resources configured for the CRI-based CSI refinement for up to 128 CSI-RS ports are supported. Since each resource needs to be configured with CBSR for CRI-based reporting, the legacy Rel-18 CBSR configuration method could be reused.
Proposal 9: For CBSR configuration of multiple CRI-based reporting, legacy Rel-18 CBSR configuration method could be reused. 
The other 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. 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 issue, we suggest the information of M “quadruplets” is divided into two groups. The first group includes the part 1 of reported CSI for each CRI. The second group includes the part 2 of reported CSI for each CRI, as shown in Figure. 1. Part 1 still includes CRI/RI/CQI, while part 2 includes PMI. 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. 1:  Two groups-based reporting for the information of M “quadruplets”
Proposal 10: 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 CSI part 1 of M CRIs and CSI part 2 of M CRIs. 
When CSI omission occurs, different priority definition of CSI for M “quadruplets” leads to different system performance. Hence, it is necessary to further study the priority of  M “quadruplets”. According to given packing of M “quadruplets”, as shown in Figure.1, the priority of CSI in the first group should be higher than that of CSI in the second group, which follows the legacy rule of priority. For each group, it also needs to study the priority of each CSI part. Assume that there are M=2 CRI-based reporting. The first group and the second group respectively comprise two CSI part 1 and two CSI part 2. For the second group, is the priority of CSI part of which CRI/resource higher? In our view, the priority of CSI with larger CQI or L1-SINR should be higher to keep better performance when CSI omission occurs. The CQI or L1-SINR could be calculated by the received Ks CSI-RS resources. Hence, the measured metric could be used to determine the priority of multiple CRI-based reporting. For simplicity, the priority of the contents in the CSI 2 should follow the legacy priority order. E.g., the priority of even subband CSI part 2 is higher than that of odd subband CSI part 2 for Type I SP codebook.  The priority of Group 0 is higher than that of Group 1, and the priority of Group 1 is higher than that of Group 2 for Type II codebook. 
Proposal 11: The following priority definition for information of M report “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} could be considered. 
· The priority of CSI in the first group consisted with part 1 of M CRIs should be higher than that of CSI in the second group consisted with part 2 of M CRI.
· In each group, the priority of multiple CSI part 1 or part 2 is determined by the measured metric, e.g., CQI or L1-SINR according to the received Ks CSI-RS resources. 
· The priority of CSI in the part 2 follows the legacy priority order. 
For multiple CRI-based reporting, Ks resources are configured for supporting up to 128 ports. The difference with legacy CRI-based reporting is that number of CSI-RS ports per CSI-RS resources. Hence, the legacy CSI processing criteria and timeline could be reused. 
Proposal 12: For multiple CRI-based reporting, legacy CSI processing criteria and timeline could be reused.
Reporting enhancement for CJT deployments under non-ideal synchronization and backhaul
Delay offset report
According to the discussion in RAN1-116bis meeting, the following agreements are archived on delay offset reporting.  
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configurations



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 TS 38.215 [4] 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 the candidate values of AD, we prefer same unit of CP. Since the range of dn is agreed to be indicated of the inside/outside of the range of CP. It is better to align the unit of AD and dn, which is beneficial for NW to decide the value range of delay spread.  
Proposal 14: Support the candidate values of AD with unit of CP.
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, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range 

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 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 15: Support the candidate values of AFO with unit of ppm/ppb relative to carrier frequency.
CSI processing unit for CJT calibration reporting 
While for CSI processing unit for CJT calibration reporting, UE need to report the value of (NTRP -1) NZP CSI-RS resources/resource sets relative to the reference NZP CSI-RS resources/resource set. It means that the number of resources/resource sets is NTRP, so the CSI processing unit for CJT calibration can be X*NTRP. And X can be reported by UE capability. And the basic value for X is 1.
Proposal 16: The CPU for CJT calibration reporting can be X*NTRP, and X is reported by UE capability.
CSI computation time for CJT calibration reporting 
As for the CSI computation time for CJT calibration reporting, it can be same as that of TDCP. It means to reuse the legacy Z2/Z2’.
Proposal 17: Reuse legacy Z2/Z2’ for CJT calibration reporting.
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
Proposal 1: Each aperiodic CSI-RS resource is separately configured with a slot offset if K aperiodic CSI-RS resources are located in two consecutive slots. 
Proposal 2: The i-th CSI-RS resource is associated with the  -th CSI-RS resource group, where i is the index of CSI-RS resources in the CSI-RS resource set or the index of CSI-RS resources after reordering all CSI-RS resources according to CSI-RS resource ID.
Proposal 3: For Scheme 2, four selected SD basis vectors should be supported for RI=5-6.
Proposal 4: The following mapping method between selected SD basis vectors and layers could be considered for rank>4
	Rank
	Mapping between selected SD basis vectors and layers

	5
	

	6
	

	7
	

	8
	


Proposal 5: Considering there are still a lot of remained issues on CSI enhancement in Rel-19 to be discussed, deprioritize the discussion Type-I multi-panel (MP) codebook refinement. 
Proposal 6: For Rel-19 Type I SP and Type II codebook refinements, =  and legacy rule of active CSI-RS resource counting for different codebook type can be supported.
Proposal 7：The CSI report quantities ‘cri-RI-i1-CQI’ or ‘cri-RI-i1’ for up to 128 CSI-RS ports could be supported only when M=1.  
Proposal 8：CRI -common RI could be supported if there is no much performance loss.
Proposal 9: For CBSR configuration of multiple CRI-based reporting, legacy Rel-18 CBSR configuration method could be reused. 
Proposal 10: 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 CSI part 1 of M CRIs and CSI part 2 of M CRIs. 
Proposal 11: The following priority definition for information of M report “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} could be considered. 
· The priority of CSI in the first group consisted with part 1 of M CRIs should be higher than that of CSI in the second group consisted with part 2 of M CRI.
· In each group, the priority of multiple CSI part 1 or part 2 is determined by the measured metric, e.g., CQI or L1-SINR according to the received Ks CSI-RS resources. 
· The priority of CSI in the part 2 follows the legacy priority order. 
· Proposal 12: For multiple CRI-based reporting, legacy CSI processing criteria and time line could be reused.

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 candidate values of AD with unit of CP.
Proposal 15: Support the candidate values of AFO with unit of ppm/ppb relative to carrier frequency.
Proposal 16: The CPU for CJT calibration reporting can be X*NTRP, and X is reported by UE capability.
Proposal 17: Reuse legacy Z2/Z2’ for CJT calibration reporting.
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