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[bookmark: _Hlk100228640]Introduction
In RAN#102 [1], the following has been agreed as part of the MIMO WID for Rel-19:
	2. [bookmark: _Hlk146697700][bookmark: _Hlk142324962]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH 



In this document we discuss codebook enhancements for up to 128 ports, CSI reporting corresponding to multiple CRIs, in addition to enhancements for CJT deployments under non-ideal synchronization and backhaul.
CSI enhancements for up to 128 CSI-RS ports
In RAN1#116bis [2], the following agreements were reached for CSI enhancements for up to 128 CSI-RS ports:
	Agreement
For Rel-19 Type-I single-panel CB 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 is also supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed

Agreement
For Rel-19 Type-I single-panel 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 and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· Mapping method 3 (for K=4): Sequential ordering/indexing within (where N1=2*n1, N2 = 2*n2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th resource, 1st polarization),
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization), 
· Other methods are not precluded
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 AP 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

Conclusion 
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on SD basis selection indication, there is no consensus on additional spec enhancement. Therefore, the same approach as legacy (using a layer-common -bit indicator) is reused
· Note: How to trade-off memory and calculation is left to implementation

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-II codebook refinement for 48, 64, and 128 CSI-RS ports based on Rel-18 Type-II Doppler codebook, 
· On UCI omission rules, fully reuse the legacy Rel-18 Type-II Doppler design
· On the definition and design of UCI parameters, fully reuse the legacy Rel-18 Type-II Doppler design
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 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, is 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 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

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 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, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B

Scheme-A
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v >4 
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	First SD basic vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of Rel-15 Type-I SP codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Second SD basis vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R15 Type-I codebookMode=1 
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Inter-pol co-phase selection indicator
	Part 2

Wideband or Subband (**)
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R16 Type-I codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending



Scheme-B
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v>4
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	SD basis oversampling (rotation) factor q1, q2
	Part 2

Wideband
	v=1-4: Values of q1, q2 follow Rel-16 eType-II,  bit indicator
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	SD basis vector selection indicator for each layer
	Alt1: Part 1
Alt2: Part 2 

Wideband
	v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v
v=5-8: FFS
	Pending

	Inter-pol co-phase selection indicator for each layer
	Part 2

Wideband or Subband (**)
	v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v
v=5-8: FFS
	Pending


(*): Not included when CQI reporting granularity is set to ‘wideband’
(**): Wideband when PMI reporting is set to ‘wideband’, Subband when PMI reporting granularity is set to ‘subband’

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

Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, except for Parameter Combination 8 from Rel-17 FeType-II PS, all legacy Parameter Combinations from Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS are supported

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).

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)

Conclusion
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, there is no consensus on supporting mapping method#3 (for K=4, 2x2 aggregation). 




[bookmark: _Hlk162510842]For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, it was agreed in RAN1#116bis to support both Scheme A and Scheme B for codebook design, as follows:
· Scheme-A (based on Scheme1 in RAN1#116 agreement [3]): 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, where W1 structure reuses the legacy Rel-16 eType-II SD basis with L=1 selected separately for each layer, all from the same oversampling index pair, and W2 structure is based on layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}.
The mapping order of the CSI field(s) corresponding to the SD basis vector selection indication parameter are not finalized yet for Scheme B. For SD basis vector selection indication, where two alternatives were proposed, as follows: 
· Alt.1:  bit indicator per layer l=1, …, RIMAX is used in part 1 CSI
· Alt.2:  bit indicator per layer l=1, …, v is used in part 2 CSI
Clearly, Alt.2 utilizes less overall overhead than Alt.1, and moreover less overhead in CSI Part 1, which is often encoded with a lower code rate. For inter-polarization co-phase selection indication, QPSK with orthogonality constraints across v layers is considered in Alt.1, whereas QPSK with 2-bit indicator per layer l=1,…,v is considered in Alt.2. In our view, Alt.2 is simpler due to its independent selection per layer as well as being more compatible with Alt.2 for SD basis vector selection. Thus, we support Alt.2 for inter-pol co-phase selection indication. Based on above discussion, we propose: 
For Rel-19 Type-I codebook refinement for up to 128 ports, support Alt.2 for CSI mapping, i.e.  bit indicator per layer l=1, …, v for SD basis vector selection indication reported in CSI Part 2,  and QPSK: 2-bit indicator per layer l=1,…,v for inter-pol co-phase selection indication

In RAN1#116bis, the design of the enhanced Type-I codebook for Rel-19 for Rank 5-8 has been discussed, where different codebook design approaches have been discussed, as follows:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I for RI=5-8.
· Scheme2: Independent selection of different ceil(v/2) SD basis vectors of W1 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. For W2, inter-polarization co-phasing with M codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector are assumed, with 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 for 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. 

For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports for RI=5-8, Scheme 1 resembles Scheme A for rank 1-4 and appears to be a natural extension to rank 5-8, and is simpler to specify and implement given Scheme A design for RI=1-4, in addition to its reasonable CSI feedback overhead. To ensure a unified design for rank 1-4 and rank 5-8 of Scheme A, we prefer Scheme 1. Scheme 2 and Scheme 3 differ in the method of selecting the beams, however they both appear to fit as extensions of rank 1-4 Scheme B scenarios for rank 5-8.  Scheme 2, however, provides more flexible inter-polarization co-phasing per layer pair and thus may achieve better performance. For Scheme 4, two independent PMIs are introduced to reduce UE complexity via allowing parallel processing of the two PMI according to two antenna port and/or layer groups for deriving two separate PMIs. In general, our preference is to use a unified design for Type-I codebook refinement for up to Rank 8. To ensure a unified design, we believe two approaches can be adopted:
· Approach 1: Support Scheme 4 with two PMIs to extend each of Scheme A and Scheme B for RI=5-8
· Approach 2: Support Scheme 1 as an extension of Scheme A for RI=5-8, and support Scheme 2 as an extension of Scheme B for RI=5-8
For Rel-19 Type-I codebook refinement for Rank 5-8 for up to 128 ports, support:
· (1st preference) Scheme 4 with two PMIs reported for extension of each of Scheme A and Scheme B to RI=5-8
· (2nd preference) Scheme 1 for extension of Scheme A to RI=5-8, and Scheme 2 for extension of Scheme B to RI=5-8
In addition to the codebook design, the oversampling factor pair  values have been addressed in RAN1#116bis, and it was agreed to support the oversampling factor pair  values, whereas other smaller oversampling factor pair values, specifically , were considered citing complexity and/or overhead reduction. In our opinion, the oversampling factor pair  may suffice for potential Rel-19 eType-I CB due to the relatively narrower beams with smaller inter-beam spacing due to the large number of ports, and hence we support including the (2,2) oversampling factor value pair for Type-I CB refinement for >32 ports.
For Type-I codebook refinement for >32 ports, the oversampling factor pair value  of  is supported along with 
In RAN1#116, refinement of Type-I multi-panel codebook was considered, and a decision on whether/how multi-panel codebook refinement is considered or 48, 64, and 128 CSI-RS ports for RI=1-4 is to be made in RAN1#117. For legacy Type-I MP codebook, it has not been deployed as far as our knowledge goes. Moreover, both Rel-17 NCJT framework or CJT CSI framework can be used for multi-panel deployments assuming different backhaul conditions, which support up to 64 ports and 128 ports, respectively. Hence, our preference is that multi-panel codebook is deprioritized for Rel-19 discussion.
Type-I multi-panel codebook refinement for >32 ports is not supported
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, it was agreed in RAN1#116bis to introduce two UE capabilities regarding timeline. However, the CPU occupation and active resource counting procedures are still left FFS. 
[bookmark: _Hlk166078031]For legacy scheme, 𝑂𝐶𝑃𝑈 = 𝐾𝑠, where 𝐾𝑠 is the number of CSI-RS resources in the CSI-RS resource set for channel measurement, corresponding to CSI reporting using CSI-RS resource(s) with no more than 32 ports. For 48, 64 and 128 CSI-RS ports, multiple CSI-RS resources are configured in one CSI-RS resource set as channel measurement resources. In our opinion, the occupied CPU number can be related with the number of CSI-RS resources or the total number of ports over the CSI-RS resources in the CSI-RS resource set. Given the non-linear increase on computation complexity with the total number of ports, the occupied CPU number may be even larger than the total number CSI RS resource in the CSI-RS resource set. For example, the occupied CPU number can be defined as ), where the value of ‘X’ is reported by UE capability and  is the CSI-RS resource number in the CSI-RS resource set; or /32), where  is the number of CSI ports for aggregated CSI-RS resources. Based on the above discussion, we propose:
Support CPU occupation allocation based on ), where  is the number of CSI-RS resources in the resource set, and X is FFS
Regarding the counting of active CSI-RS resources, the active CSI-RS resources with more than 32 ports are counted as , i.e., the number of CSI-RS resources in the CSI-RS resource set. The active CSI-RS ports for one active CSI-RS resource is , i.e., all the CSI-RS ports of this active CSI-RS resource.   
For counting active CSI-RS ports, all ports of any active CSI-RS resources are counted toward CSI-RS port counting
In RAN1#116bis, it was agreed to support hard CBSR for Rel-19 Type I CB refinement, i.e., one-bit for every beam group, indicating whether the beam group is non-restricted or fully restricted, whereas support for soft CBSR with 3 bits, i.e., up to 8 amplitude restriction levels per beam group, was left FFS for a decision in RAN1#117. Soft CBSR was discussed and supported in legacy codebook designs for Type-II codebook, however the efficiency of partial beam restrictions has always been under question, due to the dependence of such restriction with multiple factors, including UE/gNB scaling of PMIs per layer, as well as power control decisions at network side for scheduling. In our opinion, soft CBSR is confusing and may have detrimental impact on performance. Therefore, our preference is not to support soft CBSR with 3 bits for Rel-19 Type-I CB refinement.
Soft CBSR with 3 bits corresponding to different levels of amplitude restriction for CB beam groups is not supported for Rel-19 Type-I CB refinement
One other issue that needs to be discussed the UCI omission rule for Rel-19 Type-I CB refinement. Since the number of CSI-RS ports incurs a four-fold increase for the enhanced CB type, the CSI feedback overhead is significantly larger, motivating for a more flexible UCI omission rule compared with legacy UCI omission rule. We would like to note that UCI omission for CSI Part 2, assuming SB PMI/CQI reporting, is tightly related to Groups of CSI Part 2, wherein legacy approach comprises three groups, as follows:
· Group 0: WB CSI parameters not reported in CSI Part 1
· Group 1: SB parameters (coefficients + SB CQI) corresponding to SBs with even-numbered indices, e.g., SB0, SB2, SB4, …
· Group 2: SB parameters (coefficients + SB CQI) corresponding to SBs with odd-numbered indices, e.g., SB1, SB3, SB5, … 
To enable more flexible UCI omission for different RI values, we propose maintaining the CSI grouping rule to be associated with SB index, where up to 5 groups are introduced, as follows:
· Group 0: WB CSI parameters not reported in CSI Part 1
· [bookmark: _Hlk166082615]Group 1: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i, where i=0, 1, 2, …, e.g., SB0, SB4, SB8, …
· [bookmark: _Hlk166082636]Group 2: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+1, where i=0, 1, 2, …, e.g., SB1, SB5, SB9, …
· Group 3: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+2, where i=0, 1, 2, …, e.g., SB2, SB6, SB10, …
· Group 4: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+3, where i=0, 1, 2, …, e.g., SB3, SB7, SB11, …
For UCI omission corresponding to Rel-19 Type-I CB refinement, UCI omission is based on up to 5 priority levels associated with 5 groups of CSI Part 2, as follows:
· Group 0: WB CSI parameters not reported in CSI Part 1
· Group 1: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i, where i=0,1,2,…,  e.g., SB0, SB4, SB8, …
· Group 2: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+1, where i=0,1,2,…,  e.g., SB1, SB5, SB9, …
· Group 3: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+2, where i=0,1,2,…,  e.g., SB2, SB6, SB10, …
· Group 4: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+3, where i=0,1,2,…,  e.g., SB3, SB7, SB11, …
CRI-based CSI refinement for up to 128 ports
In RAN1#116bis [2], the following agreements and conclusions were reached for CRI-based CSI refinement for up to 128 CSI-RS ports:
	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: CRI(s) selection algorithm from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement
For 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



[bookmark: _Hlk162948438]In RAN1#116 [3], it was agreed to extend the CRI-based CSI reporting to include Ks > 1 NZP CSI-RS resources with equal number of ports, PCSI-RS, with M reported CRIs corresponding to M tuples of CSI quadruplets, i.e., {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}, where the value range of M is {1, …, min(X, KS)}. The parameter combination configuration, (Ks, PCSI-RS, X) may depend on the supported codebook type. More specifically, the number of CSI-RS ports PCSI-RS per CSI-RS resource depends on the total number of CSI-RS resources, Ks. The Ks CSI-RS resources should all be associated with the same NZP CSI-RS resource set, similar to legacy CSI reporting framework for RI/PMI/CQI report quantities.
For CRI-based CSI reporting, the values of the parameters (Ks, PCSI-RS, X) are mutually dependent, as well as dependent on the supported codebook type
All the Ks CSI-RS resources are associated with the same NZP CSI-RS resource set
In RAN1#116bis, it was discussed whether RI values reported across different CRIs are restricted to be equal, i.e., common RI values for all CRIs. On one hand, using a CRI-common RI value for all beams helps reduce the ambiguity in CSI payload. For instance, assuming Type-I CB, the total number of layers reported for M=4 can vary from 4 to up to 32 layers, causing significant variation in CSI payload. On the other hand, restricting the RI value to be equal across all CRIs degrades the overall CSI quality and beats the purpose of CRI-based CSI reporting, which aims at determining the different channel quality across different beams. In our opinion, an intermediate solution that reduces the impact of CSI payload ambiguity is via limiting the RI per CRI under Rel-15 Type-I SP CB to be no more than 4.  
Support independent RI reporting for CRI-based CSI reporting via Rel-15 Type-I SP CB 
For CRI-based CSI reporting, the RI per CRI assuming Rel-15 Type-I SP CB is bounded by 4
For CRI-based CSI reporting, the UE reports M CSI quadruplets {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} associated with a given CSI reporting configuration. In legacy CSI framework, the mapping of CSI report with a CSI reporting configuration is one to one, i.e., a CSI reporting configuration is associated with only one CSI report, except if the report quantity is set to ‘none’. In RAN1#116, some companies proposed mapping the M CSIs to multiple CSI reports. A similar proposal was discussed in Rel-17 CSI framework for NCJT, as well as Rel-18 NES enhancements in the spatial domain, where it was concluded in both agendas that mapping multiple CSIs in a single CSI report is preferred over mapping them to multiple CSI reports, due to multiple challenges incurred for reporting multiple CSI reports per CSI reporting configuration, as follows:
a) More complicated UCI mapping procedure to avoid CSI report collision
b) Multiple CSI report triggering for SP/AP CSI reporting for a same CSI configuration
c) New CPU occupation timeline corresponding to different CSI reports per configuration
For CRI-based CSI reporting, the M CSIs are mapped to the same CSI report
For the mapping order of CSI fields corresponding to the M CSIs in the same CSI report, our preference is to reuse the CSI mapping order of CSI fields specified for Rel-18 NES framework for spatial domain enhancements, at least for CSI report Part 1 and Part 2 wideband, as shown in Table 2 and Table 3, respectively, where different sub-configurations in NES would map to the M reported CSIs, as follows:
	
	CSI fields

	CSI report #n
CSI Part 1
	CSI fields for CSI report #n Part 1 corresponding to CMR 0, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook) , if reported

	
	CSI fields for CSI report #n Part 1 corresponding to CMR 1, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook) , if reported

	
	………………………

	
	CSI fields for CSI report #n Part 1 corresponding to CMR M -1, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook), if reported


[bookmark: _Ref162957124]Table 2. Mapping order of CSI fields for CSI report #n Part 1

	
	CSI fields

	CSI report #n
CSI Part 2
wideband
	CSI fields for CSI report #n Part 2 WB corresponding to CMR 0, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook) , if reported

	
	CSI fields for CSI report #n Part 2 WB corresponding to CMR 1, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook) , if reported

	
	………………………

	
	CSI fields for CSI report #n Part 2 WB corresponding to CMR M -1, according to Rel-15 Type-I single panel codebook (or Rel-16 eType-II codebook), if reported


[bookmark: _Ref162957133]Table 3. Mapping order of CSI fields for CSI report #n Part 2 wideband
For CRI-based CSI reporting, at least for CSI report Part 1 and Part 2 wideband, reuse the mapping order of CSI fields specified for NES enhancements with multiple sub-configurations, where each sub-configuration corresponds to a distinct CSI of the M reported CSIs
[bookmark: _Hlk166099673]For CSI report Part 2 subband mapping order of CSI fields assuming Rel-15 Type-I SP CB, our preference is to follow legacy rules for Rel-15 Type-I SP CB, where for all even SB CSI parameters (including PMI/CQI) associated with the M CRIs is reported (i.e., Group 1 of CSI Part 2), followed by all odd SB CSI parameters (including PMI/CQI) associated with the M CRIs (i.e., Group 2 of CSI Part 2). The UCI omission rule is then based on groups of CSI Part 2, similar to legacy behavior. 
For CRI-based CSI reporting via Rel-15 Type-I SP CB, legacy rule for CSI report Part 2 subband mapping order of CSI fields is followed, where for all even SB CSI parameters (including PMI/CQI) associated with the M CRIs is reported (i.e., Group 1 of CSI Part 2), followed by all odd SB CSI parameters (including PMI/CQI) associated with the M CRIs (i.e., Group 2 of CSI Part 2)
For CRI-based CSI reporting via Rel-15 Type-I SP CB, UCI omission rule is based on groups of CSI Part 2, similar to legacy behavior 
For CSI report Part 2 subband mapping order of CSI fields assuming Rel-16 eType-II CB, our preference is to defer the discussion until after CSI mapping order and UCI omission rules for Rel-15 Type-I SP CB are finalized.
Defer discussion on CSI mapping order and UCI omission rules for Rel-16 eType-II CB 
Finally, for CBSR configuration under CRI-based CSI reporting, our preference is to signal Ks CBSR configurations corresponding to the Ks CSI-RS resources, since each CSI-RS resource may correspond to a different analog beam, and hence may be associated with a distinct set of beam restrictions. 
For CBSR configuration under CRI-based CSI reporting, Ks CBSR configurations mapped to the Ks CSI-RS resources are signaled as part of the codebook configuration
CJT deployment enhancements under non-ideal synchronization
In RAN1#116bis [2], the following agreements were reached for CJT deployment enhancements under non-ideal time, frequency and/or phase synchronization:
	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

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, for a given CJT calibration report of one [or more] CJT calibration report type, the nref is selected by the UE and reported as a part of the CJT calibration report
· Note: CJT calibration report type refers to the Doffset/d report, FO report, and, TDD PO report

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn , n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· [bookmark: _Hlk166106978]FFS (by RAN1#116bis): Whether ‘invalid’/‘out-of-range’ quantization state/hypothesis is supported for all types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, assuming the Rel-17/18 unified TCI framework, regarding TCI/QCL, the following is assumed:
· Based on the legacy support of up to 2 TCI states for PDSCH-CJT 

[bookmark: _Hlk163785876]Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· Extend the maximum allowed number of TRS resource sets to 4 (note: legacy supports max. 3 from Rel-18 TDCP)
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) for CSI is used 
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether all the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs, bandwidth

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, the value n, indicates a uniformly quantized phase between 0 and 2

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 configuration
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, at least for a CJT calibration report consisting only one type, support one-part UCI on PUSCH 

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state

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

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each of the NTRP DL-RSs can be configured with a TCI state via RRC signaling
· ‘The DL-RS’ refers to the CSI-RS configured for CJT calibration measurement
· FFS: Whether additional constraints are needed for the TCI state of the ‘DL-RS’

Agreement
For a UE indicated with two TCI states, regarding QCL assumptions for PDSCH, support at least the following: 
· Scheme C: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift} 
· Scheme D: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {average delay}
Per Rel-18, the support of two TCI states is a UE capability

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to reporting one type of CJT calibration report in one report, at least support reporting {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref1} and {FOn , n=0, 1, …, NTRP – 1, n≠nref2} in one report
· nref1 and nref2 are independently selected and indicated by the UE,
· One-part UCI is used

Agreement
For a UE indicated with two TCI states, regarding QCL assumptions for PDSCH, support the following QCL assumption for PDSCH:
· [bookmark: _Hlk166106537]Scheme E: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, average delay}



In NR Rel-18, CSI reporting for DL multi-TRP under CJT with the assumption of ideal synchronization over both time and frequency among the TRPs. In case of co-located TRPs, on-board calibration circuits are implemented for each TRP to detect the phase and amplitude mismatch across the multiple TX and RX circuits. However, centralized calibration cannot be deployed in non-colocated multi-TRP systems due to the physical separation of the TRPs. The use of different local oscillators (LOs) between distributed TRPs imposes more challenges in achieving calibration as the phase of LOs could drift. An illustration of a multi-TRP system with four TRPs is illustrated in Figure 3. 


[bookmark: _Ref158336700]Figure 3: Multi-TRP deployment for DL CJT with non-colocated TRPs
More generally, time and frequency synchronization across TRPs are impacted by multiple factors. For instance, time synchronization mismatch can be caused by hardware imperfections, local clock synchronization errors, and propagation delay. In OFDM systems, a symbol over one sub-carrier incurs a frequency-flat channel if the delay spread is within the CP duration. Examples of the symbol and CP durations for different SCS values are provided in Table 4. However, the precoding resolution may need to be adjusted for channels with high delay spread, i.e., reduce PMI/CQI subband size, since the smallest precoding unit spans multiple RBs.
	Numerology
(μ)
	SCS
(kHz)
	Symbol Duration
(μs)
	CP Duration
(μs)

	0
	15
	66.67
	4.69

	1
	30
	33.33
	2.34

	2
	60
	16.67
	1.17

	3
	120
	8.33
	0.59

	4
	240
	4.17
	0.29


[bookmark: _Ref158334513]Table 4: NR numerology illustrating SCS, symbol and CP duration
In a multi-path scenario, the maximum propagation delay between the first and the last received paths corresponds to a measure of the delay spread, where an inverse of the delay spread is related to the coherence BW of the corresponding channel. Assuming CJT from two non-co-located TRPs, the propagation delay between the signal transmission from the two TRPs corresponds to an equivalent measure of the delay spread. To illustrate with an example, assume a multi-TRP scenario with a single-path, LoS transmission per TRP of the same signal from two nodes, the delay spread corresponds to a propagation delay difference, , between the two paths, which can be mapped to a distance between the two TRPs, , i.e., . 
Example 1: The two TRPs are of distance  m., , implying that the coherence bandwidth, . Assuming a PMI subband size of 4 RBs with 30 kHz SCS, the PMI reporting resolution would be equal to 1.44 MHz, which is larger than the coherence BW. Thereby, more TRP coordination with respect to time synchronization is needed.
On the other hand, frequency synchronization mismatch can be caused by CFO and Doppler effect. Handling frequency asynchrony across multiple TRPs require complex receiver architectures at the UE side, or alternatively a frequency pre-compensation algorithm implemented at the network side. 
Example 2: Based on the parameters of Example 1 with two TRPs, assume GHz, whereas the CFO per TRP is up to 0.01 ppm, the maximum frequency offset incurred by the two TRPs is . The phase difference caused assuming a delay of 5ms for CSI reporting is up to . Furthermore, assuming the UE is moving at a distance of 54 km/h, the Doppler shift is up to  leading to a total of 350Hz of frequency shift.
In order to resolve the time/frequency/phase calibration issues above, UE-assisted OTA calibration is one approach to achieve synchronization throughout the multi-TRP deployment for CJT, via reporting calibration information of the timing, frequency and/or phase offset values to the network to enable equivalent compensation at the network side. As shown in the examples above, the calibration quantity to be reported, i.e., time, frequency or phase, depends on the environment as well as the calibration objective. 
In RAN1#116bis, it was discussed whether joint reporting of time, frequency and phase synchronization information can be jointly reported in a single CSI calibration report. Based on RAN1#116bis agreements, the alphabet for reporting each of the delay and frequency offset calibration information is one sided, i.e., the alphabet for reporting the delay offset is uniformly spaced between 0 and AD, and the alphabet for reporting the frequency offset is uniformly spaced between 0 and AFO. This alphabet implies that the reference TRP for each of delay and frequency offset is the TRP with the smallest delay offset and frequency offset, respectively. Clearly, the leading TRP with respect to delay and frequency offsets may not be the same, and hence, the reference TRP is not expected to be common. However, both delay and frequency offset measurements are based on TRS measurements, and hence the CSI report quantities can be based on the same TRS measurement. 
For CJT calibration reporting, delay offset and frequency offset values are reported in a joint CSI report
On the other hand, phase offset reporting is based on single-port CSI-RS resources, which can be reported separately to avoid the complexity of associating the CSI report with multiple TRSs and CSI-RS resources simultaneously. Hence, our preference is standalone reporting of the phase offset values.
For CJT calibration reporting, phase offset values are reported separately in a standalone CSI report
[bookmark: _Hlk166106589]For phase offset reporting for CJT calibration purposes, the QCL relationship of the one-port CSI-RS resources and the DMRS for PDSCH needs to be specified. In our understanding, a phase offset drift stems from at least one of delay offset or frequency offset, and hence neither of average delay nor Doppler shift corresponding to the DMRS for PDSCH can be assumed to be QCLed with the one-port CSI-RS resources, excluding an anchor TRP, i.e., the PDSCH DMRS port(s) are QCLed with the DL-RS, e.g., CSI-RS resource corresponding to reference TRP, associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS(s) in the second TCI state, e.g., the remainder of the CSI-RS resources, with respect to QCL-TypeA except for {Doppler shift, average delay}. Hence, we propose the following:
For CJT calibration reporting with respect to phase offset, the PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, average delay}
[bookmark: _Hlk166107854]In RAN1#116bis, it was discussed to whether support reporting ‘invalid’/‘out-of-range’ quantization state/hypothesis for phase and/or frequency offset CJT calibration reporting, similar to (Dn,offset, dn) reporting. For delay offset reporting, indicating an ‘out of range’ value is necessary since the likelihood that the dealy offset exceeds the CP length is non-negligible, however, for frequency and phase reporting, the motivation for indicating ‘invalid’ is not clear. For instance, reporting ‘invalid’ for phase offset reporting is confusing, since phase values are circular and the phase offset alphabet spans all the possible radian values of the phase. In case the network needs to identify the validity of TRP selection based on metrics beyond the actual phase offset value, e.g., pathloss corresponding to a a weak TRP, explicit reporting of the selected TRP or the actual metric necessary for quantifying the validity of TRP selection needs to be specified. Otherwise, further investigation is needed for reporting ‘invalid’/‘out-of-range’ quantization state for phase and/or frequency offset CJT calibration reporting. 
For CJT calibration reporting for frequency and/or phase calibration, further investigation is needed on reporting ‘invalid’/‘out-of-range’ quantization state/hypothesis
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution document addressed Rel-19 CSI enhancements. For CSI reporting enhancements for up to 128 ports, we have the following proposals:
1. For Rel-19 Type-I codebook refinement for up to 128 ports, support Alt.2 for CSI mapping, i.e.  bit indicator per layer l=1, …, v for SD basis vector selection indication reported in CSI Part 2,  and QPSK: 2-bit indicator per layer l=1,…,v for inter-pol co-phase selection indication
1. For Rel-19 Type-I codebook refinement for Rank 5-8 for up to 128 ports, support:
· (1st preference) Scheme 4 with two PMIs reported for extension of each of Scheme A and Scheme B to RI=5-8
· (2nd preference) Scheme 1 for extension of Scheme A to RI=5-8, and Scheme 2 for extension of Scheme B to RI=5-8
1. For Type-I codebook refinement for >32 ports, the oversampling factor pair value  of  is supported along with 
1. Type-I multi-panel codebook refinement for >32 ports is not supported
1. Support CPU occupation allocation based on ), where  is the number of CSI-RS resources in the resource set, and X is FFS
1. For counting active CSI-RS ports, all ports of any active CSI-RS resources are counted toward CSI-RS port counting
1. Soft CBSR with 3 bits corresponding to different levels of amplitude restriction for CB beam groups is not supported for Rel-19 Type-I CB refinement
1. For UCI omission corresponding to Rel-19 Type-I CB refinement, UCI omission is based on up to 5 priority levels associated with 5 groups of CSI Part 2, as follows:
· Group 0: WB CSI parameters not reported in CSI Part 1
· Group 1: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i, where i=0,1,2,…,  e.g., SB0, SB4, SB8, …
· Group 2: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+1, where i=0,1,2,…,  e.g., SB1, SB5, SB9, …
· Group 3: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+2, where i=0,1,2,…,  e.g., SB2, SB6, SB10, …
· Group 4: SB parameters (coefficients + SB CQI) corresponding to SBs with indices of value 4i+3, where i=0,1,2,…,  e.g., SB3, SB7, SB11, …

For CRI-based CSI reporting enhancements, we have the following proposals:
1. For CRI-based CSI reporting, the values of the parameters (Ks, PCSI-RS, X) are mutually dependent, as well as dependent on the supported codebook type
1. All the Ks CSI-RS resources are associated with the same NZP CSI-RS resource set
1. Support independent RI reporting for CRI-based CSI reporting via Rel-15 Type-I SP CB
1. For CRI-based CSI reporting, the RI per CRI assuming Rel-15 Type-I SP CB is bounded by 4
1. For CRI-based CSI reporting, the M CSIs are mapped to the same CSI report
1. For CRI-based CSI reporting, at least for CSI report Part 1 and Part 2 wideband, reuse the mapping order of CSI fields specified for NES enhancements with multiple sub-configurations, where each sub-configuration corresponds to a distinct CSI of the M reported CSIs
1. For CRI-based CSI reporting via Rel-15 Type-I SP CB, legacy rule for CSI report Part 2 subband mapping order of CSI fields is followed, where for all even SB CSI parameters (including PMI/CQI) associated with the M CRIs is reported (i.e., Group 1 of CSI Part 2), followed by all odd SB CSI parameters (including PMI/CQI) associated with the M CRIs (i.e., Group 2 of CSI Part 2)
1. For CRI-based CSI reporting via Rel-15 Type-I SP CB, UCI omission rule is based on groups of CSI Part 2, similar to legacy behavior
1. Defer discussion on CSI mapping order and UCI omission rules for Rel-16 eType-II CB
1. For CBSR configuration under CRI-based CSI reporting, Ks CBSR configurations mapped to the Ks CSI-RS resources are signaled as part of the codebook configuration
For CJT calibration feedback reporting, we have the following proposals:
1. For CJT calibration reporting, delay offset and frequency offset values are reported in a joint CSI report
1. For CJT calibration reporting, phase offset values are reported separately in a standalone CSI report
1. For CJT calibration reporting with respect to phase offset, the PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, average delay}
1. For CJT calibration reporting for frequency and/or phase calibration, further investigation is needed on reporting ‘invalid’/‘out-of-range’ quantization state/hypothesis
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