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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]The following two objectives related to CSI enhancement are listed in MIMO Evolution WID [1].
	· [bookmark: _Hlk146697700]Obj.2. 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

· Obj.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


[bookmark: _Ref118709366]In this contribution, we discuss CSI enhancement for up to 128 CSI-RS ports and UE reporting enhancement for CJT calibration. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Views on CSI enhancement for up to 128 CSI-RS port
In this chapter, we focus on the discussion of the support of up to 128 CSI-RS ports.
PMI overhead reduction for Rel-19 Type-I SP codebook
The following Scheme-A and Scheme-B for Type-I SP codebook refinement were reached in RAN1#116bis.
	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




[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Further details of Scheme-B can also be considered to reduce the overhead of PMI. The straightforward assumption of the subband co-phasing overhead is , which may have room for further reduction, where  is the number of layers,  is the size of the co-phasing alphabet,  is the number of PMI subbands. When two layers have the same SD basis, orthogonality is achieved by using co-phasing in W2. Therefore, for each pair of layers, it is sufficient to report the co-phasing coefficient corresponding to one layer, and the co-phasing of the other layer can be derived by ensuring orthogonality. The benefit of such overhead reduction depends on the percentage of the case that two layers share the same SD basis vector. 
In order to obtain the SD basis distribution, we count SD basis selected by each layer for rank=2 for two different antenna configurations, and the corresponding simulation results are shown in Figure 1. Based on the simulation results, we can see that in more than 50% of the cases with rank=2, the same SD basis is chosen between both layers.
[image: ]
[bookmark: _Ref166082485]SD basis distribution for rank 1/2 
[bookmark: _Ref162941442]At least for rank = 2, more than 50% of the PMIs share same SD basis between two layers.
According to the above statistics showing a large percentage of same SD basis selection between two layers, overhead reduction can be considered. A straightforward way is to introduce a new indicator in CSI Part 1 to indicate the number of layer pairs having same SD basis. For each subband, the number of reported phases is RI – P, where layer 0 and layer 1 form the first layer pair, and layer 2 (if applicable) and layer 3 (if applicable) form the second layer pair, and P is the number of layer pairs with same SD basis between the two layers in each layer pair. With such a design, the co-phasing overhead is reduced to . The following table summarizes the relevant UCI design. 
The relevant UCI design for Scheme-B
	UCI part 1
	UCI part 2

	Report P (P=0, 1, 2) layer pairs having same SD basis (2 bits)
	SD basis: independently indicated for each layer
For rank > 1
For each subband, # of reported phases = RI – P
· Layer 0 and layer 1 form the first layer pair, and layer 2 (if applicable) and layer 3 (if applicable) form the second layer pair.
· P is the number of layer pairs with same SD basis for the two layers in each layer pair.
For each layer pair and each subband, the phase of the first layer is reported from {+1, +j, -1, -j}, while the phase of the second layer is not reported (derived from the first layer). Aligned with previous agreement - Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}



[bookmark: _Ref162941519]Support introducing a new indicator in CSI Part 1 to indicate the number of layer pairs having same SD basis between two layers in each layer pair to reduce the PMI overhead for Scheme-B.

Rel-19 Type-I codebook refinement with RI=5-8
The following is the agreement reached in RAN1#116bis, which includes masses of schemes for the refinement of the Rel-19 Type-I codebook with RI=5-8.
	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 layers 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




We believe that it is not feasible to specify all schemes, either from a workload perspective or a codebook design perspective. Down-selection shall be considered.
Scheme1 is the most straightforward approach and also corresponds to Scheme-A for rank 1-4 better, i.e. it allows for rapid development for chipset vendors using legacy implementations by simply adding new (N1, N2) values to the Rel-15 Type-I SP codebook. Therefore, Scheme1 should be retained.
Compared to Scheme1, Scheme2 relaxes the restriction on SD basis selection and introduces independent selection of SD basis for each layer pair. In this way, it will increase the size of the high-rank codebook and improve the performance.
Scheme3 increases the size of the codebook by expanding the candidates for the SD basis. However, to ensure orthogonality between the beams, the candidates for the third beam may depend on whether the second beam is orthogonal to the first beam horizontally or vertically. An example is shown in the schematic diagrams in Figure 2 and Figure 3 assuming (N1,N2) = (4,2) and (O1,O2)=(4,4),  where the red font indicates the first beam, the blue font indicates the second beam, and those highlighted in yellow indicate the candidate beams of the third beam. GmBn denotes the (n+1)-th beam of the (m+1)-th beam group where n=0,1,…,N1N2-1 and m=0,1,…,O1O2-1. It can be seen that the candidates for the third beam depend on the position of the second beam.
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[bookmark: _Ref166143939]The candidate beams of the third beam when the second beam is orthogonal to the first beam horizontally.
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[bookmark: _Ref166143950]The candidate beams of the third beam when the second beam is orthogonal to the first beam vertically.
Therefore, Scheme3 means that beam selection may not be conducive to parallel processing and may require more UE complexity.
For Scheme4, the motivation is to reduce UE complexity. This means that for each codeword, the UE needs to use part of the antennas to obtain the PMI. It also means that an additional mapping between the two PMIs and the two UE antenna groups is required, which would generate an additional workload.
[bookmark: _Ref166233638]Support Scheme1 and Scheme2 for rank 5-8, corresponding to Scheme-A and Scheme-B for rank 1-4 respectively.
For Scheme2, a remaining issue is the layer indexing of the orphan layer. The two layers sharing same SD basis in legacy Rel-15 Type-I codebook can be located in a codeword or can span 2 codewords (e.g., rank 6). Thus, for the orphan layer, fixed indexing is sufficient, e.g., the last layer of the codebook structure is the orphan layer.
[bookmark: _Ref166233639]Support the last layer is the orphan layer for Scheme2 for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8.

CPU occupation for two timeline capabilities
Compared to PMI calculation for 32 CSI-RS ports, the UE complexity of PMI calculation for up to 128 CSI-RS ports may be exponential growth rather than linear growth, hence more CPUs should be occupied by UE to handle a PMI associated with up to 128 CSI-RS ports or the timeline should be extended to ensure sufficient processing time for Rel-19 CSI report acquisition. 
Regarding timeline, the following two capabilities were achieved in RAN1#116bis. 
	Agreement
[bookmark: OLE_LINK3]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’




For Capability 2, the CSI feedback delay may exceed 10ms, and legacy CPU occupation is enough, i.e., one CPU is sufficient. Therefore, given the aged CSI due to the large delay of Capability 2, it is desirable to increase the number of CPUs for Capability 1 to make Capability 1 more useful for up-to-date CSI feedback. A simple way to accomplish this is to scale the number of occupied CPUs by ceil(P/16), where P is the total number of ports across all the K aggregated CSI-RS resources. Then, in this case, one CSI report with 48, 64, or 128 ports occupies 3, 4, or 8 CPUs.
[bookmark: _Ref166233643]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 CPU occupation,
For timeline Capability 1, one CSI report occupies ceil(P/16) CPUs, where P is the total number of ports across all the K aggregated CSI-RS resources. 
For timeline Capability 2, one CSI report occupies one CPU.

Whether to support Rel-19 Type-I MP codebook
Regarding the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, the following agreement was achieved.
	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



Given that Type-I multi-panel codebook is not widely used in practice, we do not think support of Type-I multi-panel (MP) codebook refinement is necessary in Rel-19. If the refinement is to be supported, we prefer Scheme1 which is a simple and straightforward enhancement. While we believe that in Scheme2 the SD bases for multiple resources are same under the far-field assumption, and independent selection would result in a large complexity without performance benefit.
[bookmark: _Ref166233645]Prefer not to support Type-I multi-panel (MP) codebook refinement in Rel-19. If the refinement is necessary, we prefer Scheme1.

CMR configuration for Rel-19 Type-II Doppler codebooks
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports based on Rel-18 Type-II Doppler regular codebook, the following agreement was achieved for aperiodic CMR configuration.
	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



One remaining issue is whether to allow the CSI-RS resources in one CMR group to span multiple slots. If the CSI-RS resources in a CMR group span two consecutive slots and the time separation between the first resources from two consecutive groups m is configured as 1, the two consecutive groups may overlap in the time domain, which may cause some performance loss for channel prediction. Therefore, if the CSI-RS resources in a CMR group span two consecutive slots, m is configured as 2; if the CSI-RS resources in a CMR group are located in one slot, m can be configured from {1, 2}.
[bookmark: _Ref162941539][bookmark: _Ref166233649]Support the following restriction for the time separation
If the CSI-RS resources in a CMR group span two consecutive slots, m is 2.
If the CSI-RS resources in a CMR group are located in one slot, m can be configured from {1, 2}.
Besides, in a legacy aperiodic CMR configuration for Rel-18 Type-II Doppler codebook, the UE shall assume that the antenna port with the same port index of the K aperiodic CSI-RS resources is the same. However, an improved antenna port assumption may be required when the UE is configured with KDOPP = {4, 8, 12} CSI-RS resource groups, each comprising multiple CSI-RS resources, for Type-II Doppler CSI because there may be multiple CSI-RS ports with the same CSI-RS port index mapped to different PMI rows. Therefore, we consider the antenna ports with the same PMI row index of the K aperiodic CSI-RS resources to be the same, where each PMI row index corresponds to KDOPP CSI-RS ports and each CSI-RS port corresponds to a CSI-RS resource group.
[bookmark: _Ref166233650]For antenna port assumption, UE shall assume that antenna ports mapped to the same row index in the matrix indicated by the PMI to be identical, where each row index corresponds to KDOPP CSI-RS ports and each CSI-RS port corresponds to a CSI-RS resource group.

Association between CSI-RS and SRS for uplink non-codebook transmission
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the following agreement reached in RAN1 #116, up to 4 CSI-RS resources can be used to aggregate 128 CSI-RS ports. This improvement also affects uplink non-codebook transmissions. In legacy non-codebook-based uplink transmission, the UE can calculate the precoder used for the transmission of SRS based on the measurement of only one associated CSI-RS resource. However, when 128 CSI-RS ports are realized by aggregating 4 CSI-RS resources (each with 32 CSI-RS ports), the corresponding SRS precoder needs to be computed based on 4 CSI-RS resources instead of only one CSI-RS resource to avoid performance loss for NCB-based UL transmission. Therefore, for TRP with up to 128 CSI-RS ports, how to indicate/configure UE to calculate the SRS precoder from multiple CSI-RS resources needs to be considered. A straightforward way is to replace the associated CSI-RS resource with a CSI-RS resource set comprising K aggregated CSI-RS resources.
	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
· 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 
· 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



[bookmark: _Ref166233654]On the NZP CSI-RS resource aggregation of K=2, 3 or 4 legacy NZP CSI-RS resources to attain a total of 48, 64, and 128 ports (for Rel-19 Type-I/II codebook refinement), support to configure a CSI-RS resource set with the K CSI-RS resources as the associated NZP CSI-RS for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.
CSI reference resource definition for CSI enhancement for up to 128 CSI-RS port
In the last meeting, we agreed on scaling the legacy timeline Z/Z’ by ceil(P/32), which is the Capability 2 on timeline for the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports.  For periodic or semi-persistent CSI reporting, the timeline is determined by CSI reference resource.
Since the aperiodic CSI feedback delay may exceed 10ms due to scaling the legacy timeline Z/Z’ by ceil(P/32), for periodic or semi-persistent CSI reporting, the nCSI_ref also needs to be extended to match the Capability 2 of Z/Z’.
One straightforward way to extend nCSI_ref is that if K CSI-RS resources are aggregated for channel measurement, nCSI_ref is the smallest value greater than or equal to X*5ms, such that it corresponds to a valid downlink slot, where X depends on the UE capability.
[bookmark: _Ref166233656]For periodic or semi-persistent CSI report and timeline capability 2, if K CSI-RS resources are aggregated for channel measurement, nCSI_ref is the smallest value greater than or equal to X*5ms, where X depends on the UE capability.
CBSR
The following was the agreement achieved in RAN1 #116bis on CBSR design, where the X1 and X2 were introduced to save RRC overhead. 
	Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent. Final LS in R1-2403650.
· Group-based CBSR granularity 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).

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).




Regarding the values of X1 and X2, we consider a fixed (X1,X2)  for each (N1,N2) configuration to be sufficient. 
The following table shows our view on the value of (X1,X2) for each (N1, N2) configuration, taking into account the following principles.
X1 is greater than or equal to X2, since N1 is not smaller than N2.
The improved CBSR bit length is not smaller than 32-port CBSR bit length or 24-port CBSR bit length.
The value of (X1,X2) for each (N1, N2) configuration
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)
	(X1, X2)
	(N1/X1, N2/X2)

	48
	(8,3)
	(2,1)
	(4,3)

	
	(6,4)
	(2,1)
	(3,4)

	64
	(16,2)
	(2,1)
	(8,2)

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

	128
	(16,4)
	(4,1)
	(4,4)

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



[bookmark: _Ref166233660]Support the following values of (X1,X2) for each (N1, N2) configuration.
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)
	(X1, X2)
	(N1/X1, N2/X2)

	48
	(8,3)
	(2,1)
	(4,3)

	
	(6,4)
	(2,1)
	(3,4)

	64
	(16,2)
	(2,1)
	(8,2)

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

	128
	(16,4)
	(4,1)
	(4,4)

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



Views on CSI enhancement for CRI(s)
The following were the agreements achieved in RAN1 #116bis on CSI enhancement for CRI(s). This section provides our views on NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources,  UCI mapping and omission, and CPU/timeline consideration.
	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)
· [bookmark: OLE_LINK4][bookmark: OLE_LINK7]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




NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources
The motivation of NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources may be to increase flexibility in NW configuration so that some of CSI-RS resources have to be reported, and other CSI-RS resources are UE-selected. In our view, two CSI ReportConfigs can be used to implement this use case exactly, where the first CSI report is associated with MR CSI-RS resources and MR CRI/PMI/CQIs, and the second CSI report is associated with Ks CSI-RS resources to select M-MR CRI/PMI/CQIs. Therefore, we do not support UE reports (M – MR) CRIs.
[bookmark: _Ref166233664]Do not support UE reports (M – MR) CRIs.

UCI mapping and omission
For UCI design, which may be affected by the omission rule. In our view, the legacy omission rule can be reused, i.e., for each CSI report, first omit Part 2 subband CSI of odd subbands or Group 2 CSI, then omit Part 2 subband CSI of even subbands or Group 1 CSI CSI report. Therefore, the following table in TS 38214[2] can be used for the Rel-19 CRI-based CSI refinement.
Priority reporting levels for Part 2 CSI
	Priority 0:
For CSI reports 1 to , Group 0 CSI for CSI reports configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Group 1 CSI for CSI report 1, if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of even subbands for CSI report 1, if configured otherwise

	Priority 2:
Group 2 CSI for CSI report 1, if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of odd subbands for CSI report 1, if configured otherwise

	Priority 3:
Group 1 CSI for CSI report 2, if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of even subbands for CSI report 2, if configured otherwise

	Priority 4:
Group 2 CSI for CSI report 2, if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of odd subbands for CSI report 2, if configured otherwise

	⁞

	Priority :
Group 1 CSI for CSI report , if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of even subbands for CSI report , if configured otherwise

	Priority :
Group 2 CSI for CSI report , if configured as 'typeII-r16', 'typeII-PortSelection-r16', 'typeII-PortSelection-r17', 'typeII-CJT-r18', 'typeII-CJT-PortSelection-r18', 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18'; Part 2 subband CSI of odd subbands for CSI report , if configured otherwise



[bookmark: _Ref166233668]The legacy omission rule can be reused for the Rel-19 CRI-based CSI refinement

Based on the legacy omission rule, for UCI design for M CRIs, each CSI field corresponds to M CRIs. In each field, UCI parameters are mapped following the order of M report CRIs. Therefore, the following tables should be supported for UCI mapping for M CRIs.
Mapping order of CSI fields of one CSI report, CSI part 1
	CSI report #n
CSI part 1
	1st CRI;
…
Mth CRI;

	
	For 1st CRI, Rank indicator;
…
For Mth CRI, Rank indicator;

	
	For 1st CRI, wideband CQI for the first TB;
…
For Mth CRI, wideband CQI for the first TB;

	
	For 1st CRI, Subband differential CQI for the first TB with increasing order of subband number;
…
For Mth CRI, Subband differential CQI for the first TB with increasing order of subband number;

	
	For 1st CRI, KNZ
…
For Mth CRI, KNZ



Mapping order of CSI fields of one CSI report, CSI part 2 wideband
	CSI report #n
CSI part 2 wideband
	For 1st CRI, wideband CQI for the second TB;
…
For Mth CRI, wideband CQI for the second TB;

	
	For 1st CRI, Layer indicator;
…
For Mth CRI, Layer indicator;

	
	For 1st CRI, PMI wideband information
…
For Mth CRI, PMI wideband information



Mapping order of CSI fields of one CSI report, CSI part 2 subband
	CSI report #n
Part 2 subband
	For 1st CRI, Subband differential CQI for the second TB of all even subbands with increasing order of subband number;
…
For Mth CRI, Subband differential CQI for the second TB of all even subbands with increasing order of subband number;

	
	For 1st CRI, PMI subband information fields  of all even subbands with increasing order of subband number;
…
For Mth CRI, PMI subband information fields  of all even subbands with increasing order of subband number

	
	For 1st CRI, Subband differential CQI for the second TB of all odd subbands with increasing order of subband number;
…
For Mth CRI, Subband differential CQI for the second TB of all odd subbands with increasing order of subband number

	
	For 1st CRI, PMI subband information fields  of all odd subbands with increasing order of subband number
…
For Mth CRI, PMI subband information fields  of all odd subbands with increasing order of subband number



Mapping order of CSI fields of one CSI report, CSI part 2 of codebookType=typeII-r16
	CSI report #n
CSI part 2, group 0
	For 1st CRI, PMI field X1;
…
For Mth CRI, PMI field X1;

	CSI report #n
CSI part2, group 1
	For 1st CRI, PMI field X2: i_(2,3,l), i_1,5, i_(1,6,l), highest priority bits of i_(2,4,l), i_(2,5,l), i_(1,7,l);
…
For Mth CRI, PMI field X2: i_(2,3,l), i_1,5, i_(1,6,l), highest priority bits of i_(2,4,l), i_(2,5,l), i_(1,7,l);

	CSI report #n
CSI part2, group 2
	For 1st CRI, PMI field X2: i_(2,3,l), i_1,5, i_(1,6,l), lowest priority bits of i_(2,4,l), i_(2,5,l), i_(1,7,l);
…
For Mth CRI, PMI field X2: i_(2,3,l), i_1,5, i_(1,6,l), lowest priority bits of i_(2,4,l), i_(2,5,l), i_(1,7,l);



[bookmark: _Ref166233674]For UCI design for M CRIs, each CSI field corresponds to M CRIs. In each field, UCI parameters are mapped following the order of M report CRIs.

CPU and timeline
For legacy CRI reporting, only Rel-15 Type-I codebook is supported, with OCPU equals to the number of configured CMRs, i.e., Ks. Since the UE may report multiple CRIs/PMIs/CQIs in Rel-19, there is a significant increase in the UE complexity compared to the legacy CRI reporting (single PMI/CQI). Therefore, it is necessary to increase the number of CPUs or extend the CSI computation time. 
For M-CRI CPU counting, it is straightforward to add M to Ks. For CSI computation time expansion, we propose to expand Z' by a factor of M. Since Z' is expanded by a factor of M, Z should be increased by (M-1)*Z' to match the expansion of Z'.

[bookmark: _Ref166233680]Support to increase the number of CPUs or extend the CSI computation time for M-CRI reporting.
OCPU = M + Ks. 
expand Z' by a factor of M.
Z should be increased by (M-1)*Z' to match the expansion of Z'.

Views on UE reporting enhancement for CJT calibration
This section provides our views on potential enhancement for CJT calibration (CJTC).
Whether >1 is supported for PO reporting
For PO reporting, the following agreement was reached in the last meeting. The main remaining issue is whether to support sub-band reporting for PO reporting to identify the TX-RX timing misalignment between TRPs.
	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, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design



In our view, the timing difference between transmitter and receiver of one TRP can be estimated by each TRP as the TRP just needs to transmit a signal from its transmitter to its receiver. Hence the only unknown part is the TX timing difference among TRPs. TX timing misalignment between TRPs can be reported by UE’s TO reporting where the smallest AD in the candidate set agreed in the last meeting is . In the case of 30kHz and M=64, the granularity of UE TO reporting is about 20ns, smaller than 65ns which is assumed as inter-TRP time misalignment. The RX timing misalignment can be obtained by TX timing misalignment between TRPs and TX-RX timing misalignment for each TRP. Therefore, there is no need to support Σ>1 for PO reporting.
[bookmark: _Ref166233687]Do not support Σ>1 for PO reporting.

Linkage assumption for PO reporting
The method of PO acquisition mainly includes two major types, the first type is using non-precoded CSI-RS to help the UE measure and report the phase offsets of the downlink. Upon reception of the report and the phase offsets of the uplink acquired by measuring SRS, the gNB derives the UL-DL phase difference. The second type requires precoded CSI-RS for the UE to measure and report the phase offsets caused by the reciprocity error for the gNB to apply.
Both of these require that the phases of the raw channels can be canceled out, so the Tx port of the UE transmitting the SRS and the Rx port of receiving the CSI-RS need to be the same, the Tx port of each TRP transmitting the CSI-RS and the Rx port of receiving the SRS need to be the same, and NW needs to know which antenna port the UE is using to receive the CSI-RS or the UE needs to know which channel on the SRS port the NW is used to generate the precoder for the CSI-RS. 
Besides, since the channel is time-varying, it is necessary to control the transmission interval between the SRS and the CSI-RS.
Finally, the UE shall keep the Rx phase the same if it receives CSI-RS resources at different moments, thus ensuring that the effect of the Rx phase of the UE is canceled out.
[bookmark: _Ref166233603]To eliminate the phases of the raw channels, 
The Tx port to transmit the SRS and the Rx port to receive the CSI-RS at the UE side need to be the same.
The Tx port to transmit the CSI-RS and the Rx port to receive the SRS at each TRP need to be the same.
NW needs to know which SRS port the UE is using to receive the CSI-RS, or the UE needs to know which SRS port the NW is using to generate the precoder for the CSI-RS.
It is necessary to control the transmission interval between the SRS and the CSI-RS used for PO acquisition.
[bookmark: _Ref166233605][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The UE shall keep the Rx phase the same if it receives CSI-RS resources at different moments, thus ensuring that the effect of the Rx phase of the UE is canceled out.

Therefore, linkage and time restriction between CSI-RS resources and SRS resources are needed to ensure that UL channels and DL channels used to derive phase offset are reciprocal. For the linkage between CSI-RS resources and SRS resources, the following approaches can be considered.
Approach 1: UE to report the associated SRS resource or SRS port in PO report to match the uplink channel for gNB.
Approach 2: gNB to configure the associated SRS resource or SRS port in PO reporting setting to match the downlink channel for UE.
Approach 3: A fixed SRS resource or SRS port is specified for PO acquisition.
Compared to Approach 3, Approach 1 and Approach 2 are more flexible in the sense that the UE or the gNB can choose an SRS resource or SRS port with good channel quality to obtain the PO. 
Approach 1 is more suitable for the case where the gNB does not precode CSI-RS, and there is no restriction on the order of CSI-RS transmission and SRS transmission. For example, as shown in the following figures, the steps of the procedure of obtaining reciprocity misalignment may consist of: 1) the gNB first transmits CSI-RS, 2) the UE reports the PO and the associated SRS port, 3) the gNB triggers the UE to transmit the SRS, 4) the gNB obtains the uplink channel based on the SRS port fed back by the UE. 
Steps of an alternative procedure are: 1) the gNB first triggers the UE to transmit antenna switching SRS, 2) the gNB transmits CSI-RS, 3) the UE reports the PO and the associated SRS port, and 4) the gNB obtains the uplink channel based on the SRS port fed back by the UE. Approach 1 is also more flexible and friendly to UE implementation as UE can determine the mapping between the SRS ports and physical antennas based on its own need by the implementation. This is also the principle we have in the current spec and NR UE implementation.


Procedure 1 of obtaining reciprocity misalignment for gNB


Procedure 2 of obtaining reciprocity misalignment for gNB

Approach 2 is more suitable for the case where the gNB precodes CSI-RS. Besides, due to precoded CSI-RS by gNB, SRS transmissions need to happen before CSI-RS transmissions. Considering Approach 3 and Approach 2 are not as flexible as Approach 1, and that Approach 2 may require UE-specific CSI-RS resources, we prefer Approach1, i.e., UE to report the associated SRS resource or SRS port in PO report for matching the uplink channel for gNB.
[bookmark: _Ref166233691]Support UE to report the associated SRS resource or SRS port in PO report to match the uplink channel for gNB.
[bookmark: _Ref166233692]Limit the time gap between the received CSI-RS and the transmitted associated SRS within a certain time range.

[bookmark: OLE_LINK8][bookmark: OLE_LINK15]Linkage assumption between TO reporting and Rel-18 CJT CSI reporting
In previous meetings, we have made a lot of progress on the design and configuration of the TO report. Further, we have agreed that gNB will perform pre-compensation on PDSCH to align timing among TRPs. The pre-compensation of TO needs to work together with PDSCH precoding based on Rel-18 CJT CSI report to ensure the PDSCH reception performance, i.e., the PDSCH precoding shall match with the TO pre-compensation so that TO is perfectly canceled out. Thus, CJT CSI report needs to somehow coordinate with CJTC TO report.
An intuitive approach is gNB to compensate for the TO between the CSI-RS resources associated with the CJT CSI report. However, different UEs may report different TOs due to different propagation delay offsets between TRPs. This usage may require UE-specific CSI-RS resources, which would also imply a significant RS overhead, and it is therefore not recommended.


CJT CSI report associated with CSI-RS resources with timing compensation
Another approach is to let the UE compensate the TO between the CSI-RS resource associated with the CJT CSI report during the calculation of CJT CSI. This approach does not require UE-specific CSI-RS resources, but it does require the transceiver to align the values of the TO for UE and gNB compensation. When the gNB uses the CJT CSI reported from the UE, the gNB compensates the TO between TRPs based on the UE-compensated TO values for the PDSCH transmission.


CJT CSI report associated with CSI-RS resources without timing compensation
[bookmark: _Ref166233610]For the use of TO report, the following two approaches can be considered.
gNB to compensate for the timing offsets between the CSI-RS resources associated with the CJT CSI report.
UE-specific CSI-RS resources may be required.
UE to compensate for the timing offsets between the CSI-RS resources associated with the CJT CSI report.
The transceiver to align the values of TO.
Considering the fact that UE-specific CSI-RS is rarely used in real deployments and the overhead of CSI-RS, it is preferable that the UE compensates the TO for CSI-RS resources. A key issue with this approach is to link the TO report to the CJT CSI report so that the TO values for the transceiver compensation are aligned.
[bookmark: _Ref166233696]Support UE to compensate the TO for CSI-RS resources for CJT CSI reporting and support to link the TO report to the CJT CSI report so that the TO values for the transceiver compensation are aligned.
Such linkage can be specified as configuring the CJTC report config ID to the CJT report, and the UE behavior is to compensate for the timing based on the most recent TO report. 
Linkage assumption between FO reporting and CJT CSI reporting
Similar to timing offset reporting, different UE may report different frequency offsets between TRPs due to UE-specific Doppler shift for each TRP. Therefore, the gNB is unable to adjust the oscillator for each UE. It can only compensate for the phase offsets between TRPs caused by the FO at different times. 
The following figure gives the effect of the frequency offset of each TRP on channel between two TRPs as an example.

 
The effect of frequency offset of each TRP on channel
Based on the above channel variations, the FO compensation procedure can take the following steps:
Step1: UE reports the FO  based on a configured FO reporting setting.
Step2: UE estimates the channel to obtain and  based on CSI-RS1 and CSI-RS2.
Step3: UE adjusts the phases of  and  based on FO of each TRP to obtain , , where  and  are frequency offset for CSI-RS1 and CSI-RS2 repectively.
Step4: UE reports CJT PMI based on FO-compensated channel [, ].
Step5: TRP2 pre-compensates for the phase offset with  and uses the PMI reported by UE.
Step6: UE estimates the channel  based on DMRS which corresponds to t2 starting from CSI reference resource, and 

Step7: UE receives the PDSCH based on  and . Note that the subsequent phase offset caused by  is compensated by TRP2.

Since the FO values are used for both UE and gNB, the FO values between TRPs need to be aligned. A similar linking approach between FO reporting and CJT CSI reporting as that of TO reporting can be used.
[bookmark: _Ref166233699]Support to link the FO report to the CJT CSI report so that the FO values for both UE and gNB compensation are aligned.

In legacy PMI acquisition, the PMI is determined based on the reference resource, which may mean that for UE FO compensation, the UE can adjust the phase caused by FO of each CSI-RS, based on the length of time from the CSI-RS occasion to the reference resource. Since the reference resource is a slot, it depends on the UE implementation whether the FO compensated in PMI is calculated based on the start symbol of the reference resource, or the end symbol of the reference resource. 
Therefore, it may happen that the UE compensates the phase offset of each TRP up to the first symbol of reference resource, while the gNB compensates the phase offsets between the TRPs starting from the last symbol of reference resource, resulting in a phase compensation mismatch of up to one-slot phase rotation between TRPs.
Assuming the gNB is unable to adjust the oscillator and +/-0.1 ppm frequency error per TRP, the following table shows the maximum frequency errors for different carriers.
Maximum frequency errors for different carrier frequencies
	Carrier(GHz)
	Max frequency error(Hz)

	1
	200

	2
	400

	4
	800

	6
	1200

	7
	1400



Based on the maximum frequency errors in the above table, the following table gives the phase rotation values for a slot length with different maximum frequency errors.
The phase rotation values for a slot length with different maximum frequency errors.
	     Max FE(Hz)
slot
length(ms)
	200
	400
	800
	1200
	1400

	1
	0.4π
	0.8π
	1.6π
	2.4π
	2.8π

	0.5
	0.2π
	0.4π
	0.8π
	1.2π
	1.4π

	0.25
	0.1π
	0.2π
	0.4π
	0.6π
	0.7π



From our simulation results in Figure 9, it can be seen that at a carrier frequency of 2.2GHz, a maximum frequency error of 0.01ppm, and CSI period of 5ms, i.e., phase error , will cause less performance loss. Therefore, if the gNB is unable to adjust the oscillator, the FO compensated in CJT PMI should not be based on the reference resource slot but on a given symbol of the reference resource slot.
[bookmark: _Ref166233701]For FO compensation, define a reference symbol in CSI reference resource as the reference time to align UE compensation of FO during CJT CSI calculation and gNB pre-compensation of FO for PDSCH, i.e., the UE compensates the phase offset of each TRP up to the given symbol of reference resource, and the gNB compensates the phase offsets between the TRPs starting from the reference symbol in CSI reference resource.

Candidate values of DO/FO reporting
[bookmark: OLE_LINK16]If DO report is used to address TX-RX timing misalignment for PO, quantification errors as fine as the nanosecond level may be required. Therefore, 0.5CP or 1/(24Δf) should be supported as a candidate value for DO reporting. Besides, 800m propagation difference corresponds to a propagation delay of 2.67 µs, which is about 1.14 times the length of the CP corresponding to a 30kHz subcarrier spacing (~ 2.34 µs). Therefore, 2CP should be excluded from the candidate values.
[bookmark: _Ref166233704]0.5CP or 1/(24Δf) should be supported as a candidate value for DO reporting and 2CP should be excluded from the candidate values.
The frequency offset between TRPs consists of two components, Doppler shift offset between TRPs and frequency error between TRPs, which are caused by the velocity and the oscillator impairment, respectively. The frequency error caused by the oscillator also contains the residual frequency error between TRPs from previous synchronization/calibration. The frequency error between TRPs can produce a phase error between TRPs over time T, which may lead to performance loss for CJT. We have made some evaluations of the performance loss under different frequency errors. In our simulation, Outdoor1 of Rel-18 CJT is assumed, i.e., every 4 TRPs form a measurement set, where the first TRP has a frequency error of 0, the fourth TRP has a maximum frequency error, and the frequency errors of the rest of the TRPs are randomly generated between 0 and the maximum frequency error. In addition, the speed of both indoor and outdoor users in the simulation is assumed to be 3km/h, and other parameters can be found in the appendix.
[image: ]
[bookmark: _Ref166055958]Cell mean SE of different frequency errors for DU
[bookmark: _Ref162941502]When the carrier is 2.2GHz, a frequency error of 0.01 ppm (~ 22Hz) results in a performance loss in the range of 3%, but a frequency error of 0.05 ppm results in a loss of 20% in DU scenarios, which is significant.
Based on the above simulation results, we think that AFO/MFO should not be greater than 100Hz. Therefore, f, f/2, f/4, and 1/(4t) should be excluded from the candidate values.
[bookmark: _Ref166233705]f, f/2, f/4, and 1/(4t) should be excluded from the candidate values.

Timeline, CPU 
For CPU and timeline, we believe that the design of timeline, and OCPU for CJTC can be referenced to the design of TDCP reporting.
The following table shows the design of timeline, and OCPU for TDCP reporting.
Timeline, and OCPU for TDCP reporting.
	
	CPU counting
	Computation time

	Rel-18 TDCP
	𝑂𝐶𝑃𝑈=(𝑌+1)⋅𝑋, with number of delays 𝑌 configured by RRC, where the value of 𝑋∈{1, 2} is reported by UE cap..
	



For CPU counting of CJTC reporting, the formula 𝑂𝐶𝑃𝑈=(𝑌+1)⋅𝑋 can be reused where Y is the number of reported TO/FO/PO instead of the number of delays in TDCP reporting. The computation time of CJTC reporting can also reuse the computation time of the TDCP reporting.
[bookmark: _Ref166233708]For CPU counting of CJTC reporting, the formula 𝑂𝐶𝑃𝑈=(𝑌+1)⋅𝑋 for TDCP reporting can be reused where Y is the number of reported TO/FO/PO. The computation time of CJTC reporting can also reuse the computation time of the TDCP reporting.

Conclusions 
To summarize, we have the following proposals and observations.
CSI enhancement for up to 128 CSI-RS port
Observation 1:	At least for rank = 2, more than 50% of the PMIs share same SD basis between two layers.

UE reporting enhancement for CJT calibration
Observation 2: To eliminate the phases of the raw channels, 
The Tx port to transmit the SRS and the Rx port to receive the CSI-RS at the UE side need to be the same.
The Tx port to transmit the CSI-RS and the Rx port to receive the SRS at each TRP need to be the same.
NW needs to know which SRS port the UE is using to receive the CSI-RS, or the UE needs to know which SRS port the NW is using to generate the precoder for the CSI-RS.
It is necessary to control the transmission interval between the SRS and the CSI-RS used for PO acquisition.
Observation 3:	The UE shall keep the Rx phase the same if it receives CSI-RS resources at different moments, thus ensuring that the effect of the Rx phase of the UE is canceled out.
Observation 4:	For the use of TO report, the following two approaches can be considered.
gNB to compensate for the timing offsets between the CSI-RS resources associated with the CJT CSI report.
UE-specific CSI-RS resources may be required.
UE to compensate for the timing offsets between the CSI-RS resources associated with the CJT CSI report.
The transceiver is to align the values of TO.
Observation 5: When the carrier is 2.2GHz, a frequency error of 0.01 ppm (~ 22Hz) results in a performance loss in the range of 3%, but a frequency error of 0.05 ppm results in a loss of 20% in DU scenarios, which is significant.

CSI enhancement for up to 128 CSI-RS port
Proposal 1: Support introducing a new indicator in CSI Part 1 to indicate the number of layer pairs having same SD basis between two layers in each layer pair to reduce the PMI overhead for Scheme-B.
Proposal 2:	Support Scheme1 and Scheme2 for rank 5-8, corresponding to Scheme-A and Scheme-B for rank 1-4 respectively.
Proposal 3: Support the last layer is the orphan layer for Scheme2 for the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8.
Proposal 4: 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 CPU occupation,
For timeline Capability 1, one CSI report occupies ceil(P/16) CPUs, where P is the total number of ports across all the K aggregated CSI-RS resources. 
For timeline Capability 2, one CSI report occupies one CPU.
Proposal 5: Prefer not to support Type-I multi-panel (MP) codebook refinement in Rel-19. If the refinement is necessary, we prefer Scheme1.
Proposal 6: Proposal 6:	Support the following restriction for the time separation.
If the CSI-RS resources in a CMR group span two consecutive slots, m is 2.
If the CSI-RS resources in a CMR group are located in one slot, m can be configured from {1, 2}.
Proposal 7: For antenna port assumption, UE shall assume that antenna ports mapped to the same row index in the matrix indicated by the PMI to be identical, where each row index corresponds to KDOPP CSI-RS ports and each CSI-RS port corresponds to a CSI-RS resource group.
Proposal 8: On the NZP CSI-RS resource aggregation of K=2, 3 or 4 legacy NZP CSI-RS resources to attain a total of 48, 64, and 128 ports (for Rel-19 Type-I/II codebook refinement), support to configure a CSI-RS resource set with the K CSI-RS resources as the associated NZP CSI-RS for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.
Proposal 9: For periodic or semi-persistent CSI report and timeline capability 2, if K CSI-RS resources are aggregated for channel measurement, nCSI-ref is the smallest value greater than or equal to X*5ms, where X depends on the UE capability.
Proposal 10: Support the following values of (X1,X2) for each (N1, N2) configuration.
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)
	(X1, X2)
	(N1/X1, N2/X2)

	48
	(8,3)
	(2,1)
	(4,3)

	
	(6,4)
	(2,1)
	(3,4)

	64
	(16,2)
	(2,1)
	(8,2)

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

	128
	(16,4)
	(4,1)
	(4,4)

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



CSI enhancement for CRIs
Proposal 11: Do not support UE reports (M – MR) CRIs.
Proposal 12: The legacy omission rule can be reused for the Rel-19 CRI-based CSI refinement.
Proposal 13: For UCI design for M CRIs, each CSI field corresponds to M CRIs. In each field, UCI parameters are mapped following the order of M report CRIs.
Proposal 14:	Support to increase the number of CPUs or extend the CSI computation time for M-CRI reporting.
OCPU = M + Ks. 
expand Z' by a factor of M.
Z should be increased by (M-1)*Z' to match the expansion of Z'.

UE reporting enhancement for CJT calibration
Proposal 15: Do not support Σ>1 for PO reporting.
Proposal 16:	Support UE to report the associated SRS resource or SRS port in PO report to match the uplink channel for gNB.
Proposal 17: Limit the time gap between the received CSI-RS and the transmitted associated SRS within a certain time range.
Proposal 18:	Support UE to compensate the TO for CSI-RS resources for CJT CSI reporting and support to link the TO report to the CJT CSI report so that the TO values for the transceiver compensation are aligned.
Proposal 19: Support to link the FO report to the CJT CSI report so that the FO values for both UE and gNB compensation are aligned.
Proposal 20:	For FO compensation, define a reference symbol in CSI reference resource as the reference time to align UE compensation of FO during CJT CSI calculation and gNB pre-compensation of FO for PDSCH, i.e., the UE compensates the phase offset of each TRP up to the given symbol of reference resource, and the gNB compensates the phase offsets between the TRPs starting from the reference symbol in CSI reference resource.
Proposal 21: 0.5CP or 1/(24Δf) should be supported as a candidate value for DO reporting and 2CP should be excluded from the candidate values.
Proposal 22:f, f/2, f/4, and 1/(4t) should be excluded from the candidate values.
Proposal 23:	For CPU counting of CJTC reporting, the formula 𝑂𝐶𝑃𝑈=(𝑌+1)⋅𝑋 for TDCP reporting can be reused where Y is the number of reported TO/FO/PO. The computation time of CJTC reporting can also reuse the computation time of the TDCP reporting.

Appendix
[bookmark: _Ref159234891]Evaluation parameters for up to 128 CSI-RS port
The following table shows the main evaluation parameters for up to 128 CSI-RS ports. Other specific parameters are given in the main text.
Evaluation parameters for SLS
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 

	Inter-BS (site) distance
	200m 

	Frequency Range
	FR1 only, 4.9GHz

	Channel generation model
	According to the TR 38.901 

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz as a baseline

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU-MIMO with rank adaptation is a baseline 

	CSI feedback 
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) :  5 ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	No overhead assumption

	Traffic model
	Full buffer

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 

	Baseline for performance evaluation
	Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 



Preliminary simulation result for antenna setup and port layouts at gNB
For antenna setup and port layouts at gNB, some preliminary simulation results of 16-column antenna setup are given in the following figures.  According to the simulation results, the following observations can be obtained.
For same antenna array, increasing the number of ports can bring significant performance gains.
For same port layouts, doubling the array size in the vertical dimension, there exists a non-significant gain in the distribution of some port layouts, e.g., the cases of 2 ports in the vertical dimension.
[bookmark: _Ref158132597]According to preliminary simulation results of a 16-column antenna setup, for same antenna array, increasing the number of ports can bring significant performance gains. For same port layouts, doubling the array size in the vertical dimension, there exists a non-significant gain in the distribution of some port layouts, e.g., the cases of 2 ports in the vertical dimension.
[image: ]
[bookmark: _Ref162885396]Cell mean SE of different port layout at gNB for R15 Type-I CB Mode1

[image: ]
[bookmark: _Ref162885404]5% UE SE of different port layout at gNB for R15 Type-I CB Mode1
[image: ]
Cell mean SE of different port layout at gNB for R16 Type-II CB


[image: ]
5% UE SE of different port layout at gNB for R16 Type-II CB

[bookmark: _Ref159257613]Evaluation parameters for CJT calibration
The following table shows the possible evaluation parameters of SLS and LLS for CJTC. 
Evaluation parameters for SLS
	Parameter
	　Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Outdoor1 (typical 57-sector SLS): 
4 TRPs within each sector. 4TRP for each UE
Dense Urban (macro only) 200m ISD
UMA 500m ISDOutdoor1


	Frequency Range
	FR1 only, 2GHz

	Inter-BS (site) distance
	Outdoor1: 200m (2GHz) or 500m (2GHz);

	Channel generation model
	Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.

	Antenna setup and port layouts at gNB
	2GHz:
- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2)

	BS Tx power 
	Dense Urban or Urban Macro (2GHz):
- Per TRP: 41 dBm or 46 dBm for 10MHz

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802)

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank adaptation is a baseline 


	MIMO layers
	12

	CSI feedback 
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) :  5 ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	Full buffer

	UE distribution
	 DU and UMa: 80% indoor (3km/h), 20% outdoor (3km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-18 Type II CJT Codebook is the baseline for performance and overhead evaluation
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