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Introduction
[bookmark: _Hlk158541659]As part of Rel-19 Work Item on MIMO Phase 5 enhancements for 5G [1], 3GPP has agreed to 
· [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
· 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
· 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)
· 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
· 
· Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
· 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 contribution, we will discuss our views on Rel-19 CSI Enhancements for MIMO Phase 5.
CSI Support for 48, 64, and 128 CSI-RS Ports

	[116] Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I 
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead



Rel-19 Type I CSI Enhancements

In RAN1#116 [2], it was agreed to down-select the six proposals for the schemes of Rel-19 Type I codebook which intends to extend and optimize the Rel-15 Type I codebook to support 48, 64, and 128 CSI-RS ports. The six proposed schemes are briefly described below:
1. Scheme1 is a direct extension of the legacy Rel-15 Type I codebook considering the new parameters of N1 and N2 of extended CSI-RS ports of Rel-19. Scheme1 is used as the baseline and have a relatively simple structure & low overhead, implementation & commercialization is expected to be quick. 
2. Scheme2 optimizes Scheme1 as it provides a layer-specific SD basis (L=1) and layer-specific co-phasing between the two polarizations. Scheme2 offers a potential performance improvement over Scheme1 since the SD basis (L=1) for each layer is selected independently. However, the overhead in Scheme2 is proportional to the number of layers.  
3. Scheme2B is similar to Scheme2 but additionally, it includes layer-specific amplitude scaling for the inter-polarization. The overhead of Scheme2B will be higher than Scheme2.
4. Scheme3 optimizes Scheme1 by having layer-common SD basis (L is proportional to the rank) and layer-specific amplitude & phase scaling. The overhead in Scheme3 is proportional to the number of layers.  
5. Scheme4 & Scheme6 are devoted for the Type I codebook with multi-panel structure. Multi-TRP may better accommodate the multi-panel structure.
6. Scheme5 improves the SD basis selection in Scheme1. The potential performance improvement is expected to be less or equal than Scheme2.
In RAN1#116 [3], we proposed to down-select between Scheme2 and Scheme3, and use Scheme1 as the baseline to evaluate the performance gain. In our proposal for Scheme3 [3], the number of SD basis (L) in Scheme3 is function of the RI which can reduce the overhead compared to fixed L = 4 as it was proposed by other companies. Not many companies were motivated by Scheme3 due to the potential high overhead, so we are ok to support Scheme2. Also, we want to promote Scheme1 since it was reported in [4] that the gain is adequate for Scheme1. Regarding the two mode of Rel-15 Type I codebook, it was shown that Scheme1 Mode-2 (L=4) does not provide tangible gain over Scheme1 Mode-1 [5], so we are ok with Scheme1 Mode-1 for Rel-19 Type I codebook. Our proposal is to support Scheme1 (Basic Mode) and Scheme2 (Advanced Mode).
The agreement from In RAN1#116 [2], includes an FFS item to down-select the oversampling values (O1=4,O2=4) and (O1=2,O2=2). The oversampling of (O1=2,O2=2) could reduce the overhead but the overhead reduction might be minor (2 bits). Also, (O1=4,O2=4) provides higher resolution for the layer specific SD selection in Scheme2 and potentially can improve the performance. Therefore, we support (O1=4,O2=4). 
During the offline discussion, companies did not seem to get much support for the Multi-Panel (MP) structures since the mTRP can accommodate the multi-panel structure. We are open for discussion and can decide based on the reported SLS results.

Proposal 1: For Rel-19 Type I single-panel (SP) codebook enhancement, support Scheme1 (Basic Mode) and Scheme2 (Advanced Mode) with (O1=4, O2=4) from the list of proposed schemes in RAN1#116. 

Offline Discussion
	Proposal 1.A.1: 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:
· Mode-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
· Mode-B (based on Scheme2 in RAN1#116bis 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



The six schemes from RAN1#116 have been discussed offline and concluded with Proposal 1.A.1 which down-selects the schemes of Rel-19 Type I codebook to two modes: Mode-A (based on Scheme1) and Mode-B (based on Scheme2). Proposal 1.A.1 also includes three FFS items to decide whether to support: Mode-C (based on Scheme5), amplitude scaling, and extension to Multi-Panel (MP) Type I codebook. 
Rel-15 Type I codebook offers a low-resolution channel state information (CSI) and have relatively simple structure. It may suit better the cell-edge UEs with low values of SINR since it requires to transmit low feedback overhead. We recommend maintaining the simple design for Type I codebook in Rel-19. Therefore, 
1. We support Proposal 1.A.1 with the two Modes (similar to Rel-15 Type I codebook) the basic mode (Mode-A) and an advanced Mode (Mode-B). 
2. Support oversampling with (O1=4, O2=4) since overhead reduction with (O1=2, O2=2) might be relatively minor and (O1=4, O2=4) provides higher resolution for the layer specific SD selection in Mode B.
3. We do not think there is a need to have additional Mode-C since Scheme5 is a compromise between Scheme1 (Mode-A) and Scheme2 (Mode-B). 
4. The support of the inter-polarization amplitude scaling for Mode-B can be decided based on the SLS results.
5. For MP Type I codebook, we are open for discussion and can decide based on the SLS results 

Proposal 2: For Rel-19 Type I single-panel (SP) codebook enhancement, there is no need to have additional Mode-C since Scheme5 is a compromise between Scheme1 (Mode-A) and Scheme2 (Mode-B). 

Rel-19 Type II CSI Enhancements

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




Type II codebook provides high resolution channel state information (CSI), thereby improving the performance of FDD downlink transmission, particularly the MU-MIMO transmission. We believe the structure of Type II codebook (including Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS) is mature enough and no need to make further optimizations on the supported legacy parameter combinations.
Proposal 3: For Rel-19 Type II codebook enhancement, use the supported parameter combinations of the legacy Type II codebook. 

Offline Discussion
We support the Conclusion 1.E from the offline discussion. 
	Conclusion 1.E: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, there is no consensus on removing any of the Parameter Combinations supported by the legacy Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS. Therefore, all the legacy Parameter Combinations are supported. 




CSI-RS resource index/port index Mapping

	[116] 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




The extension of the Rel-19 CSI-RS ports to 48, 64, and 128 ports requires a mapping between the Rel-19 aggregate CSI-RS resource index (with 48, 64, and 128 ports) and the antenna ports associated with each of the CSI-RS resources to perform the calculations of CSI/PMI reports considering co-existence with legacy pre-Rel-19 UEs. The coexistence with legacy UEs requires the mapping to serve the legacy UEs (pre Rel-19) and save energy by having a mechanism to enable part of the full array (subarray) [6]. The mapping can be achieved by splitting one or both of the (N1, N2) dimensions across the CSI-RS resources with equal number of ports per CSI-RS resource. In Table 1 below, we present the three methods discussed during the offline discussion [6] for splitting (N1, N2) and generate dimension-split  per each CSI-RS resource. The three methods are explained below:
1. Method1: splitting the horizontal dimension N1 (blue colored in Table 1) and . Method1 have a unique (one to one) mapping  between K and the dimension-split .
2. Method2: splitting the vertical dimension N2 (red colored in Table 1) and  Method2 have a unique (one to one) mapping  between K and the dimension-split 
3. Method3: splitting both of horizontal and vertical dimensions  (green colored in Table 1) and . Method3 does not have a unique mapping between K and the dimension-split 

	Rel-19 Aggregate CSI-RS Ports
	
	Number of CSI-RS Resources 
	Dimension-Split 


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

	48
	(6,4)
	{2,4,4}
	{(6,2),(6,1),(3,2)}

	64
	(16,2)
	{2,4,2, 4  }
	{(8,2),(4,2),(16,1),(8,1)}

	64
	(8,4)
	{2,2,4, 4  }
	{(4,4),(8,2),(8,1),(4,2)}

	128
	(16,4)
	{4,4, 4  }
	{(4,4),(16,1),(8,2)}

	128
	(8,8)
	{4,  4  }
	{(8,2),(4,4)}


Table 1: Mapping between the number of CSI-RS resources (K) and the dimension-split 
Offline Discussion
Proposal 1.B was concluded from the offline discussion [6] and it basically defines the three proposed methods for the mapping between the number of CSI-RS resources (K) and the dimension-split  as it is shown in Table 1. As it was pointed in the previous clause, Method3 does not have a unique mapping between K and the dimension-split  compared to unique mapping inMethod1 and Method2.
Observation 1: Regarding the three methods discussed during the offline discussion [6] for splitting one or both of the (N1, N2) dimensions across the CSI-RS resources, we observe the following: 
1. Method1 have a unique (one to one) mapping  between K and the dimension-split .
2. Method2 have a unique (one to one) mapping  between K and the dimension-split 
3. Method3 does not have a unique mapping between K and the dimension-split 
We propose to define the mapping between the number of the CSI-RS resources (K) and the dimension-split  for Method3.
Proposal 4: Support Proposal 1.B from the offline discussion and add the following FFS for Method3
FFS: For Method3, define the mapping between the number of CSI-RS resources (K) and the dimension-split .

	Proposal 1.B: 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), 




CRI based CSI reporting Enhancements 

	[116] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type




In Rel-19 multi-CRI enhancements, the UE is configured to measure Ks NZP CSI-RS resources (Ks>1) and reports M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in a single instance of CSI-RS reporting where M ∈{1,…,min(Ks,X)}. In the last meeting [2], it was agreed to study the following:
1. Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two.
2. The supported values of X and dependency on the codebook type i.e Rel-19 Type I and Type II codebooks.  
For the 1st question of the M configuration, the UE does not have a visibility on the network performance and UE selection of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} and can select relatively high values of M which can potentially compromise the performance of the network due the overhead increase. On the other hand, NW-configuration via higher-layer (RRC) signalling allows the network to control the overhead and optimize the network by configuring the UEs with adequate values of M. Therefore, we support the NW-configuration of M via higher-layer (RRC) signalling. 
For the 2nd question, the multi-CRI reporting with M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}) can help the gNB to optimize the scheduling decisions of MU pairings. However, there is a need to set an upper limit on the maximum value of M∈{1,…,min(Ks,X)} to control the overhead since overhead is proportional to M. There is a dependency between the supported M values and the associated Rel-19 codebook since the overhead varies between the low resolution Rel-19 Type I codebook and high resolution Rel-19 Type II codebook. In Rel-19 Type I codebook, CSI reporting can accommodate relatively higher values of M compared to Rel-19 Type II codebook due to the low overhead need for the reporting of Type I codebook. In addition, unlike Rel-19 Type I codebook, Rel-19 Type II codebook requires SVD calculation which adds additional complexity at the UE side. Most of the companies supported X =4 for Rel-19  Type I codebook and M=1 for Rel-19 Type II codebook. We agree with the majority and support these values for Rel-19.
Proposal 5: For Rel-19 multi-CRI enhancements, support the following:
1. NW-configuration of M via higher-layer (RRC) signalling
2. X =4 for multi-CRI reporting with Rel-19 Type I codebook and M=1 for Rel-19 Type II codebook

It should be pointed that the high resolution of Rel-19 Type II codebook offers a better use case for the MU transmission compared to Rel-19 Type I codebook. Therefore, we think it is worth it to study the overhead performance for Rel-19 Type II codebook with M=2 and decide whether it can be supported.

Proposal 6: For Rel-19 multi-CRI enhancements, study the overhead performance of Type II codebook with M = 2 and decide whether it can be supported.
   
Offline Discussion
We support Proposal 2.A from the offline discussion. 

	Proposal 2.A: For the Rel-19 CRI-based CSI refinement for 48, 64, and 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




UE Reporting Enhancements for CJT Deployments
For UE Reporting Enhancements in CJT Deployments, we will address the following issues from the discussions in the last meeting [2]:
1. Configuration of the number of CSI-RS resources in UE reporting
2. Decision whether the reference CSI-RS resource (nref) is fixed (NW-configured) or is included in the report (UE measured) 
3. DL/UL Phase offset reporting.

Configuration of the number of CSI-RS resources in UE reporting 
	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· Interference measurement is not supported, hence neither CSI-IM nor NZP CSI-RS resource for interference measurement can be configured (analogous to Rel-18 TDCP)
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· The priority of the CSI report(s) is the same as CSI report(s) not carrying L1-RSRP or L1-SINR (analogous to Rel-18 TDCP)




For CJT calibration reporting, three options were proposed in RAN1#116:
1. Opt1: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets.  
2. Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
3. Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report.  
Opt1 can be considered as a super set for Opt3 given that Opt1 can support the reporting with “invalid” quantization codepoint for the CSI-RS resources with inadequate received signal. We don’t support Opt2 since the use of CJTC reporting presupposes lack of knowledge at the NW as it was noted by the FL [6]. To conclude, we support Opt1 with “invalid” quantization codepoint in the UE report. 

Proposal 7: For Rel-19 aperiodic standalone CJT calibration reporting, support the UE reporting for all the configured NTRP NZP CSI-RS resources/resource sets.

Decision about the reference CSI-RS resource (nref) 
	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …

[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …

[116] 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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …




The UE reporting assistance measurements for each of the inter-TRP delay, frequency, and phase offset requires defining the reference CSI-RS resource nref. In RAN1#116 [2], there was an FFS item to decide whether nref is fixed (NW-configured) or is included in the report (selected by the UE). We believe the UE is in better position to decide the reference CSI-RS resource nref, so we support the UE selection.

Proposal 8: For Rel-19 aperiodic standalone CJT calibration reporting, support the UE selection & reporting for the reference CSI-RS resource.

DL/UL Phase Offset Reporting
	[116] 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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
FFS: Detailed UCI design




DL/UL phase offset reporting can be used to compensate the DL/UL reciprocity in TDD systems. The agreement of the phase offset includes an FFS item to decide between wideband (M=1) or subband (M>1) reporting. The majority of the companies preferred the wideband reporting during the offline discussion [6] since the frequency dependency of the phase offset across TRPs in CJT can be addressed by delay offset reporting. 

Proposal 9: For Rel-19 aperiodic standalone CJT calibration reporting, support the wideband reporting (M=1) for the phase offset.
Offline Discussion
Support Proposals Proposal 3.A, Proposal 3.D, and Proposal 3.E from the offline discussion.
	[bookmark: _Hlk162561946]Proposal 3.A: For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ quantization state/hypothesis is supported for all the types of CJT calibration reporting (already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting)

[bookmark: _Hlk162562151]Proposal 3.D: For the Rel-19 aperiodic standalone CJT calibration reporting, nref is selected by the UE and reported as a part of the CJT calibration report.

[bookmark: _Hlk162562165]Proposal 3.E: 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,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· M=1 (i.e. wideband reporting) is supported
· FFS: whether M>1 (sub-band reporting) is also supported depending on, e.g. the extend of DL/UL timing misalignment (cf. use case 3.3) 
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design




Conclusion
In this contribution, we discussed the CSI enhancements for for 48, 64, and 128 CSI-RS ports, and 3	UE Reporting Enhancements for CJT Deployments. Our observations and proposals are listed below: 
Observation 1: Regarding the three methods discussed during the offline discussion [6] for splitting one or both of the (N1, N2) dimensions across the CSI-RS resources, we observe the following: 
1. Method1 have a unique (one to one) mapping  between K and the dimension-split .
2. Method2 have a unique (one to one) mapping  between K and the dimension-split 
3. Method3 does not have a unique mapping between K and the dimension-split 

Proposal 1: For Rel-19 Type I single-panel (SP) codebook enhancement, support Scheme1 (Basic Mode) and Scheme2 (Advanced Mode) with (O1=4, O2=4) from the list of proposed schemes in RAN1#116. 
Proposal 2: For Rel-19 Type I single-panel (SP) codebook enhancement, there is no need to have additional Mode-C since Scheme5 is a compromise between Scheme1 (Mode-A) and Scheme2 (Mode-B). 
Proposal 3: For Rel-19 Type II codebook enhancement, use the supported parameter combinations of the legacy Type II codebook. 
Proposal 4: Support Proposal 1.B from the offline discussion and add the following FFS for Method3.
FFS: For Method3, define the mapping between the number of CSI-RS resources (K) and the dimension-split .
Proposal 5: For Rel-19 multi-CRI enhancements, support the following:
1. NW-configuration of M via higher-layer (RRC) signalling
2. X =4 for multi-CRI reporting with Rel-19 Type I codebook and M=1 for Rel-19 Type II codebook
Proposal 6: For Rel-19 multi-CRI enhancements, study the overhead performance of Type II codebook with M = 2 and decide whether it can be supported.
Proposal 7: For Rel-19 aperiodic standalone CJT calibration reporting, support the UE reporting for all the configured NTRP NZP CSI-RS resources/resource sets.
Proposal 8: For Rel-19 aperiodic standalone CJT calibration reporting, support the UE selection & reporting for the reference CSI-RS resource.
Proposal 9: For Rel-19 aperiodic standalone CJT calibration reporting, support the wideband reporting (M=1) for the phase offset.
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