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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#116 [2], the following agreements were reached for CSI enhancements for up to 128 CSI-RS ports:
	Agreement
For the Rel-19 NR Type-I/II codebook refinement and CRI-based CSI for up to 128 CSI-RS ports, reuse the EVM agreed for Rel-18 NR Type-II Doppler codebooks (cf. R1-2205289) for SLS with the following refinement:
· Center frequencies can be replaced by the following options (companies should state their assumption): 3.5GHz, 4.9GHz, 6GHz, 7GHz. 
· Companies should state their assumptions on TXRU structure and the associated TXRU-to-port virtualization for >32 ports
· The UEs can be placed both indoor (with 80% probability, 3kmph) and outdoor (with 20% probability, companies should state the assumed UE speed)
· Lower RU can also be assumed (companies should state the assumed RU)
· Companies should state the assumed traffic models and ISD

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

Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.
Note: Per WID objective 2b, 
· No other legacy codebook design aspects (such as SD/FD/DD basis design including O1/O2, W2/combining coefficient design, codebook parameter definitions and respective values) can be modified.
· Only RI=1-4 is supported 

Agreement
For the Rel-19 Type-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) 
· [bookmark: _Hlk162999293]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

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

Agreement
For Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support also RI=5-8, with lower priority than RI=1-4:
· FFS: Reduced complexity design, whether to reuse legacy RI=5-8 structure, based on the outcome of RI=1-4

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, at least support the legacy time-domain behaviours for CSI reporting (and the applicable CSI-RS time-domain behaviors). That is,
· For Rel-19 Type-I:
· 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-19 Type-II:
· 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 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)


The support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
· For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
· For the Rel-19 Type-II codebook refinement based on Rel-18 Type-II Doppler regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
Agreement
For the Rel-19 Type-II refinement based on Rel-17 FeType-II PS, support the following PCSI-RS value(s) {48, 64}
· For the Rel-19 Type-II codebook refinement based on Rel-17 FeType-II PS, PCSI-RS =64 is supported as a part of the respective basic feature, while PCSI-RS =48 is supported as a separate UE capability



Type-I codebook refinement for up to 128 CSI-RS ports
[bookmark: _Hlk162510842]For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, seven schemes were proposed for down selection in RAN1#116bis. Scheme 1 is a straightforward extension of the legacy Rel-15 Type-I single-panel codebook using new values for 48, 64 and 128 CSI-RS ports, which requires limited standardization effort. Note that the legacy Type-I codebook has two modes with Mode-1 (L=1) and Mode-2 (L=4), where for mode-2, subband beam selection is used. Moreover, for rank 3/4, different mechanisms for less than 16 ports or no less than 16 ports are supported. In our view, the enhanced Type-I codebook for Rel-19 should adopt a unified structure for different values of RI and number of ports. Also, more selected beams can improve the performance by exploiting more spatial paths from the large antenna array. Thus, we prefer reusing Mode-1 of the legacy scheme with less than 16 ports. 
Observation 1 A unified design for Type-I codebook refinement for different rank values and number of ports is preferred for a simplified codebook structure
On the other hand, Scheme 2 reuses the spatial DFT beam selection process of Rel-16 eType-II codebook with L=1 for RI ≤ 4, whereas for RI > 4 a per layer/layer-group beam selection is supported. Scheme 2B is another variant of Scheme 2 with an updated amplitude and/or phase quantization. Scheme 3, in our opinion does not meet the characteristics of a Type-I codebook since it includes beam combining for the same layer. Scheme 4 and Scheme 6 use advanced co-phasing approaches across port groups and/or resources, whereas Scheme 5 uses an extended beam basis for the horizontal (vertical) beam based on the vertical (horizontal) beam. In the pre-RAN1#116bis offline summary [3], a dual codebook mode is proposed with the two modes corresponding to Scheme 1 and Scheme 2, respectively. Our first and second preferences correspond to a single scheme between Scheme 1 based on Mode 1 for <16 ports and Scheme 2, respectively, whereas the dual codebook mode is our third preference. 
For Rel-19 Type-I codebook refinement for > 32 ports, support:
· (1st preference) Scheme 1 based on an extension of legacy Type-I codebook, where for Rank > 2, support the extension based on legacy codebook for < 16 ports
· (2nd preference) Scheme 2 based on reusing SD basis structure of Rel-16 eType-II codebook with L=1
· (3rd preference) A dual codebook mode based on switching between Scheme 1 and Scheme 2, where the selection is network configured
In addition to the codebook design, the oversampling factor pair  needs to be addressed, based on the  pair values to be supported for > 32 ports. In legacy Type-I codebook, only the oversampling factor pair  is used for , which can be used as a starting point for further discussion. Other smaller oversampling factor pair values can be considered for complexity and/or overhead reduction, including . We are open to support  compared with . However, it may cause performance loss because of less candidate beams for selection. Therefore, we support oversampling factor pair .
For Type-I codebook refinement for >32 ports, consider the oversampling factor pair values  of  and 
In RAN1#116, refinement of Type-I multi-panel codebook was considered. In our opinion, multi-panel codebook should be deprioritized for Rel-19 discussion, since both Rel-17 NCJT framework or CJT CSI framework can be used for multi-panel deployments assuming different backhaul conditions. Hence, we prefer limiting the discussion to Type-I single panel codebook refinement.
Type-I multi-panel codebook refinement for >32 ports is deprioritized
During the Rel-17 evaluation for eType-II PS codebook, it was observed that wideband CSI reporting suffices for antenna layouts with > 24 ports, and hence only one PMI coefficient/port/layer is reported. Whether a similar behavior follows for > 32 ports for different codebook types needs to be evaluated. If so, the CSI feedback format for > 32 ports may be restricted to wideband PMI format, e.g., in Type-I codebook. These restrictions lead to CSI feedback overhead reduction, which can help alleviate the additional payload incurred by the increased number of CSI-RS ports. 
Study whether refined Type-I codebook for > 32 ports is restricted to wideband PMI format

Type-II codebook refinement for up to 128 CSI-RS ports
In RAN1#116, it was agreed to support Rel-17 FeType-II port selection codebook for up to 64 ports, where the supported parameter combinations are still under discussion. As mentioned in the previous section, Rel-17 FeType-II PS codebook with wideband format may suffice due to the massive spatial diversity achieved by the up to 64 ports. Given that, the CSI feedback format for > 32 ports may be restricted to wideband PMI format, e.g., in Rel-17 FeType-II PS codebook, or a fraction of non-zero frequency-domain basis vectors, pv, e.g., in Rel-16 eType-II codebook, takes on the smallest value. These restrictions lead to CSI feedback overhead reduction, which can help alleviate the additional payload incurred by the increased number of CSI-RS ports. 
Study whether refined Type-II codebook for > 32 ports is restricted to smaller configured pv value(s), i.e., a smaller fraction of FD basis indices for Rel-16 eType-II codebook, and/or wideband reporting for Rel-17 FeType-II PS codebook 
Regarding the supported parameter combinations Type-II codebook, our preference is to omit parameter combinations yielding significant numbers of coefficients for extension to > 32 ports. For instance, PC 8 in Rel-17 FeType-II PS codebook yields up to 192 coefficients under 64 ports, i.e., requiring > 1300 bits to represent the coefficients amplitude and phase values for PMI feedback, assuming RI ≥ 2.
Observation 2 For Type-II codebook refinement to > 32 ports, some parameter combinations yield a significant CSI payload due to the large number of coefficient amplitude and phase values reported due to the large number of ports compared wih legacy codebook design
Down select the supported parameter combinations for refined Type-II codebook for > 32 ports to omit configurations with massive CSI payload 
One other design approach for Type-II codebook refinement is exploiting the additional antennas to achieve spatial selection diversity, i.e., via UE-assisted selection of a subset of the > 32 ports based on the corresponding channel gain. In case the subset of antennas includes ≤ 32 ports, and the subset of antennas form a uniform planar array, a legacy NR codebook can be supported for the subset of the antennas. This approach can be viewed as a two-stage CSI feedback approach, with a UE-based CSI-RS port subset selection stage, followed by a codebook-based CSI feedback stage based on legacy codebook design, i.e., a legacy NR codebook. Further design details, e.g., CSI feedback and CSI-RS mapping, are left FFS.
Study whether a two-stage CSI feedback for > 32 ports is supported, where the first stage corresponds to CSI-RS port subset selection of ≤ 32 ports, followed by a second stage corresponding to a legacy NR codebook. Further design details are FFS


[bookmark: _Ref158318784]Figure 1: Example of two 32-port CSI-RS resources with intra-slot multiplexing

CSI-RS configuration for up to 128 CSI-RS ports
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 < PCSI-RS ≤ 128, it was agreed to support aggregating at least Ks=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports in RAN1 #116. Since the maximum number of ports across an NZP CSI-RS resource for channel measurement is bounded by 32, multiple CSI-RS resources needs to be configured to support CSI reporting for > 32 ports. Similar to legacy codebooks configured with CMR comprising multiple CSI-RS resources, e.g., Rel-17 NCJT CSI reporting and Rel-18 Type-II CJT codebook, the CSI-RS resources would belong to the same NZP CSI-RS resource set and also comprise the same number of CSI-RS ports. Moreover, the CSI-RS resources are expected to be configured with the same TCI state.
For > 32 port CSI reporting, multiple legacy CSI-RS resources are configured from the same CSI-RS resource set
For > 32 port CSI reporting, all CSI-RS resources have the same number of ports and are configured with the same TCI state, CDM type, CSI freqBand, density of CSI-RS resource measured in RE/port/PRB, power offset of PDSCH RE to NZP CSI-RS RE, power offset of NZP CSI-RS RE to SSS RE
The multiple CSI-RS resources in the CMR can be configured with either intra-slot or inter-slot multiplexing. For intra-slot multiplexing, each CSI-RS resource would be configured with a distinct value for the first OFDM symbol in time domain. One example is shown in Figure 1 for the time/frequency resources of two CSI-RS resources comprising 32 ports each with intra-slot multiplexing. It is clear that in case of more than two configured CSI-RS resources, RE availability is an issue within the same RB, and moreover, it is beneficial to relax the requirement of the UE to receive up to four CSI-RS resources over the same slot. Given that, inter-slot multiplexing of the CSI-RS resources, e.g., over consecutive slots, needs to be supported. Further details are FFS.
Support intra-slot and inter-slot multiplexing of the up to four CSI-RS resources for > 32 port CSI reporting
[image: ]
[bookmark: _Ref158322871]Figure 2: Example of two port layouts of 32-port CSI-RS resources with intra-slot multiplexing
One other important question is the CSI-RS port mapping over the antenna layout. For a given antenna panel, assume the panel comprises multiple sub-panels, each corresponding to a distinct CSI-RS resource as shown in Figure 2, where the layout of all sub-panels is symmetric. For the (8,8) cross-polarized antenna layout shown in Figure 2, the CSI-RS port mapping may correspond to four square-shaped concatenated (4,4) layouts over four CSI-RS resources (Port Layout 1), or alternatively four horizontally concatenated (8,2) layouts over the four CSI-RS resources (Port Layout 2). In our understanding, Port Layout 2 mapping is compliant to legacy mapping, however Port Layout 1 provides more flexibility, with respect to the supported layout geometry, in case a subset of the CSI-RS resources are configured/selected for CSI reporting. Given that, further discussion on the port mapping of the CSI-RS ports corresponding to the up to four resources is needed. 

[bookmark: _Hlk158336642]In the offline discussion prior to RAN1#116bis [3], three CSI-RS resource index/port index per resource mapping methods have been proposed: 
· 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)
· 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)
Mapping method 3 is too complicated and not scalable, and hence is not considered. Although mapping method 1 seems more straightforward, one advantage of mapping method 2 is the mapping flexibility so that a standalone CSI-RS port mapping corresponding to one CSI-RS resource still holds, as shown in Port layout 1 of Figure 2. We therefore support mapping method 2 for CSI-RS port mapping for > 32 ports.
For > 32 port CSI reporting, support mapping method 2 for CSI-RS port mapping
CRI-based CSI refinement for up to 128 ports
In RAN1#116 [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 NR Type-I/II codebook refinement and CRI-based CSI for up to 128 CSI-RS ports, reuse the EVM agreed for Rel-18 NR Type-II Doppler codebooks (cf. R1-2205289) for SLS with the following refinement:
· Center frequencies can be replaced by the following options (companies should state their assumption): 3.5GHz, 4.9GHz, 6GHz, 7GHz. 
· Companies should state their assumptions on TXRU structure and the associated TXRU-to-port virtualization for >32 ports
· The UEs can be placed both indoor (with 80% probability, 3kmph) and outdoor (with 20% probability, companies should state the assumed UE speed)
· Lower RU can also be assumed (companies should state the assumed RU)
· Companies should state the assumed traffic models and ISD

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· [bookmark: _Hlk162945665]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

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the supported combinations of KS value and the maximum number of ports per NZP CSI-RS resource are as follows:
· FFS: UE capability on KS and the number of ports per resource
	KS
	Maximum # ports per resource

	2, 3, 4
	32

	5, 6, 7, 8 
	16



Conclusion
The Rel-17 NCJT CSI is not extended to accommodate the Rel-19 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, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook



Supported codebook types/sub-types
[bookmark: _Hlk162631620]In RAN1#116, it was agreed that at least Rel-15 Type-I single panel codebook is supported for CRI-based CSI refinement, whereas Rel-16 eType-II codebook is FFS. One advantage of multi-CRI reporting is improving the network flexibility to pair multiple UEs for simultaneous transmission over the same time/frequency resources. Since Type-II codebook type offers high-resolution precoding that enables MU-MIMO support, reporting multiple CRIs per UE increases the possibility of the network to co-schedule two UEs with the same beam associated with the same CRI. On the other hand, Type-II codebook type incurs significantly larger CSI feedback overhead compared with Type-I codebook type, and hence a maximum number of CSI tuples, X, should be limited. Moreover, the number of CSI-RS ports per CSI-RS resource also impacts the value of X, since the larger the number of CSI-RS ports, the higher the complexity of computing the M CSIs at the UE. 
Observation 3 Reporting multiple CSIs per UE improves the network’s ability to co-schedule multiple UEs with the same beam associated with the same CRI
Observation 4 Type-II codebook type incurs significantly larger CSI feedback overhead compared with Type-I codebook, where the overhead is proportional with the number of reported CRIs
For CRI-based CSI refinement for up to 128 ports, Type-II codebook type is supported
For each codebook type, the value of X depends on the total number of CSI-RS ports per CSI-RS resource
The following codebook sub-types exist within each codebook type, as follows:
· Type-I codebook: single panel CB, multi-panel CB
· Type-II codebook: Rel-15 CB, Rel-15 PS CB, Rel-16 CB, Rel-16 PS CB, Rel-17 PS CB, Rel-18 Doppler CB, Rel-18 Doppler PS CB, Rel-18 CJT CB and Rel-18 CJT PS CB
In our opinion, Rel-17 FeType-II PS codebook, Rel-18 CJT codebooks and Rel-18 Doppler codebooks should not be considered for CRI-based CSI refinement since these codebooks were designed and tested for FR1 only. Moreover, the latter two codebooks incur multiple CSI-RS resources per CSI reporting occasion and hence CRI selection would be challenging. On the other hand, Rel-15 Type-II codebook and Rel-15 Type-I multi-panel codebook can also be deprioritized to limit the scope, since improved versions of these codebooks have been specified, as discussed in Section 2. Therefore, our preference is to limit the CRI-based CSI enhancement feature to Rel-16 eType-II codebook with DFT-based spatial transformation. 
CRI-based CSI enhancements are limited to Rel-15 Type-I single panel codebook and Rel-16 eType-II DFT-based codebook

CRI-based CSI reporting configuration
[bookmark: _Hlk162948438]In RAN1#116, 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)}. Based on the discussion in the previous section, 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.
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
The total number of reported CSI quadruplets, X, should depend on the supported codebook type, since different codebook types are associated with different CSI measurement complexity and CSI payload. For Type-I single panel codebooks, X = 4 can be supported, whereas for Rel-16 eType-II codebook, X = 2 suffices, subject to UE capability. Additionally, we prefer that the selection of the value of M from the range {1,…, min(X, Ks)} is RRC-configured, as we fail to see the motivation for dynamic configuration at either the network side or the UE side, especially since the latter results in significant ambiguity in CSI payload. 
For CRI-based CSI reporting, support X  =  4 and X  =  2 for Type-I single panel codebook and Rel-16 eType-II codebook, respectively, subject to UE capability
For CRI-based CSI reporting, the value of M is network configured via higher-layer signaling

Interference measurement for CRI-based CSI reporting
In legacy CSI framework, interference measurement performed via NZP CSI-RS resource(s) is limited to scenarios with a single CSI-RS resource per resource set, except for L1-SINR reporting and Rel-18 CJT/Doppler codebooks. For CRI-based CSI reporting, the UE is expected to measure multiple CSIs over Ks >1 CSI-RS resources for channel measurement based on Type-I single panel codebook and, possibly, Rel-16 eType-II codebook. Hence, interference measurement via NZP CSI-RS is not supported for CRI-based CSI reporting without further specification impact.
Observation 5 Interference measurement via NZP CSI-RS is not applicable to CRI-based CSI reporting without further specification impact
CSI measurement via NZP CSI-RS is specified to enable intra-cell interference measurement for MU-MIMO pairing. Since CRI-based CSI reporting implies configuring the UE with multiple analog beams for hybrid beamforming to enable more efficient MU-MIMO pairing, the measurement of intra-cell interference becomes more challenging, since beamforming the CSI-RS for interference measurement is not meaningful, since the precoding should depend on the supported analog beam. Given that, our preference is not to support interference measurement via NZP CSI-RS for CRI-based CSI reporting. 
Interference measurement via NZP CSI-RS is not supported for CRI-based CSI reporting

CSI reporting outline for CRI-based CSI reporting
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
Observation 6 Reporting multiple CSI reports per CSI reporting configuration leads to significant challenges in CSI framework
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
For CSI report Part 2 subband mapping order of CSI fields, as well as the CSI omission rules, we prefer to defer the discussion until the decision on the supported codebook(s) for CRI-based CSI reporting is finalized.
For CRI-based CSI reporting, the discussion on mapping order of CSI fields for CSI report Part 2 subband as well as CSI omission rules is deferred until the decision on the supported codebook(s) for CRI-based CSI reporting is finalized 
CJT deployment enhancements under non-ideal synchronization
In RAN1#116 [2], the following agreements were reached for CJT deployment enhancements under non-ideal time, frequency and/or phase synchronization:
	Agreement
For the Rel-19 NR CJT calibration reporting, reuse the EVM agreed for Rel-18 NR Type-II CJT codebooks (cf. R1-2205289) for SLS with the following refinement:
· Adding ISD=500m as an option for inter-site CJT
· Delay offsets caused by propagation delays from the UE to the TRPs and, whenever applicable, the ISI incurred by the composite (summed across selected TRP(s)) channel impulse response should be modelled/accounted
· In addition, initial timing offsets among TRPs can be included, e.g. from TR 38.855 for positioning or uniformly distributed [-0.5CP:0.5CP]
· Per-TRP frequency offset (relative to the UE) is modelled as a uniform random variable with [-x:x] 
· Companies should state the assumed value of x, e.g. 0.05ppm, 0.1ppm (per Table 6.5.1.2-1 of TS.38.104)
· For TDD, per-TRP DL/UL phase misalignment is modelled as a uniform random variable with [-y:y] where y is {p}
· For TDD, per-TRP DL/UL timing misalignment is modelled as a uniform random variable with [-z:z]
· Companies should state the assumed value of z, e.g. 65ns (from RAN4)
· For FDD scenarios, Rel-18 Type-II CJT codebook is assumed
· For TDD scenario, SRS-based (e.g. SVD) precoding is assumed
· Companies should state the assumed sub-carrier spacing, e.g. 15kHz, 30kHz

Agreement
For the Rel-19 NR CJT calibration reporting, use the following EVM for LLS with the following refinement:
· Purpose: alternative to SLS to observe the impact of misalignment and gain by proposed solutions, as the frequency offset/time misalignment have impacts in granularities of subcarrier/symbol levels
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-C channel model in TR 38.901

	Delay Spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (2, 8, 2, 1, 1; 2, 8), (dH, dV) = (0.5, 0.8) 

	TRP number
	2

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	UE number
	1, 4

	MCS
	Link Adaption

	Bandwidth
	20RB, 145RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 per UE

	UE speed
	3km/h 

	Precoding granularity
	2RB, 4RB, 8RB, 16RB, 32RB

	SRS periodicity
	10ms

	DMRS
	Type 2 DMRS, double-symbol, or Type 1 DMRS

	DL DMRS channel estimation
	LMMSE channel estimation

	Frequency offset
	Uniformly distributed delay difference between [0, x], companies should state the assumed value of x, e.g., 0.05ppm, 0.1ppm.

	Delay difference
	a uniformly distributed delay difference between [0, y], companies should state the assumed value of y, e.g., CP length, 1.67us, 65ns.



Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the following use cases are assumed:
· For per-TRP delay offset reporting:
· Use case 1.1: TRP selection
· Use case 1.2: delay offset compensation for at least one TRP to ensure the CJT-composite delay spread doesn’t exceed a pre-defined dynamic range/threshold
· For per-TRP frequency offset (FO) reporting:
· Use case 2.1: TRP selection
· Use case 2.2: per-TRP FO compensation at NW side 

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)

Agreement
For Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed:
·  For per-TRP DL/UL Rx-Tx phase misalignment reporting: 
· Use case 3.1: TRP selection
· Use case 3.2: per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity (e.g. using both CSI-RS and SRS for measurement)

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed for study:
· Use case 3.3: For TDD reciprocity, timing offset report for at least one pair of TRPs to assist TRP synchronization (i.e. to align TRP inherent timing without propagation delay)
Whether there is any spec support associated with this use case is FFS

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 included in the report (selected by UE)
· FFS (by RAN1#116bis): whether UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO, resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 

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, {Fn,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where Fn,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 Fnref 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 Fn,m indicates a uniformly quantized phase between –AF and AF , or 0 and AF.
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AF and resolution) for Fn,m 
· FFS: Detailed UCI design



CJT framework and synchronization requirements
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. We therefore support reporting a subset of these quantities based on a network configuration. 
Observation 7 For CJT calibration reporting, the calibration information to be reported, i.e., time, frequency and/or phase parameter value(s), depends on the environment as well as the calibration purpose
For CJT calibration reporting, support reporting of different combinations of time, frequency and phase calibration information across the TRPs of a multi-TRP CJT deployment based on network configuration

CJT synchronization measurement and calibration reporting
One aspect that needs to be addressed is the measurement configuration of the CJT calibration feedback reporting. Similar to Rel-18 TDCP reporting, the CJT calibration feedback should be configured as a standalone, aperiodic reporting that is triggered by the network to ensure CJT synchronization. The CJT calibration information can be measured via DL RS, where one option would be relying on the per TRP NZP CSI-RS resource used for CMR. This approach uses the legacy CSI resource configuration for CJT calibration information reporting, however, for a multi-port CSI-RS resource, a reference port ID for calibration information measurement may need to be identified. Alternatively, the calibration information can be measured via NTRP TRSs, where each TRS corresponds to a distinct TRP. This approach can achieve tighter calibration measurement, at the expense of additional complexity and specification impact. Furthermore, whether TRS with two or four symbols is configured for CJT calibration, needs to be studied. Moreover, the time-domain behavior of the measurement RS, i.e., whether the CSI-RS resources are periodic, semi-persistent or aperiodic, and/or whether the TRSs are periodic or aperiodic, needs to be discussed.
For CJT calibration reporting, down select from the following alternatives for the RSs used for calibration information measurement:
· Alt-1: CJT calibration reporting is based on NTRP NZP CSI-RS resources associated with the NTRP TRPs 
· Alt-2: CJT calibration reporting is based on NTRP TRSs associated with the NTRP TRPs
· FFS: whether each TRS comprises 2 or 4 CSI-RS resources
FFS: the time-domain behavior of the calibration information measurement RSs
[bookmark: _Hlk163167500]Assuming the layout in Figure 3 as an example, the UE can estimate the DL timing/frequency/phase offset values among different TRPs, based on the corresponding RSs for calibration measurement. For instance, the frequency offset values, e.g., {Δf1, Δf2 ,Δf3}, where Δfi = fi – f0, i=1,2,3, corresponding to frequency offsets of TRP 1, TRP 2, and TRP 3, respectively, computed relative to a reference received frequency corresponding to TRP 0, is reported. A similar approach can be supported for time offset values{ΔT1, ΔT2 ,ΔT3}. Alternatively, either the timing offset or the frequency offset can be obtained by the phase information corresponding to the phase rotation across the different TRP measurements, i.e., the phase offset values {ΔΦ1, ΔΦ2 ,ΔΦ3}. For example, the frequency offset will lead a phase rotation e jΦ= e j2πΔfτ for the channel during a fixed time period. In other words, the UE can directly report the phase information of the channels between each TRP and the UE to the gNB and the gNB can pre-compensate the phase offset for each TRP with respect to the reference TRP. 
Note that the reference TRP can be either fixed, e.g., based on a corresponding CSI-RS resource ID, or network configured, or UE selected. Since the calibration information is intended to aid the network to adjust the transmission from the N-1 TRPs according to the reference TRP, a robust approach would correspond to calibrating the transmission with respect to a reference TRP corresponding to one of the following: 
· Design 1. The reference TRP is the strongest TRP, e.g., strongest RSRP value.
· Design 2. The reference TRP is associated with the smallest delay and/or the smallest received frequency value.
· Design 3. The reference TRP is associated with the mean value of the target calibration quantity, e.g., TRP with delay closest to average delay, to reduce the range of calibration values applied.
Note that for either design, at least in FDD mode, the UE is able to determine the reference TRP based on measurement of the received DL RSs corresponding to the NTRP TRPs. Given that, we support UE selection of the reference TRP for CJT calibration reporting. 
For CJT calibration reporting, support UE selection of the reference TRP, where the reference TRP is reported in the CJT calibration report 
Note that a codebook and quantization approach of the reported time, frequency and/or phase offset values needs to be identified, including the quantization alphabet, the dynamic range and the initial and final values. 
In RAN1#116, delay offset reporting was discussed, with the following alternatives proposed:   
· Alt1:  is uniformly spaced between 0 and AD
· [bookmark: _Hlk162976807][bookmark: _Hlk162977378]Alt2:  is uniformly spaced between -AD and AD
Clearly, Alt1 corresponds to a scenario where the reference TRP corresponds to the TRP with the smallest delay value, i.e., Design 2, whereas Alt2 corresponds to any other scenario, including Design 1 and Design 3 above, for example. One advantage of Alt2 is that it enables flexible selection of the TRP, especially that the TRP with the smallest delay may not correspond to the TRP with the smallest frequency offset, and hence defining the codebook to be symmetric with respect to zero value is preferred. 
Observation 8 For CJT calibration reporting, the delay offset alphabet that is uniformly spaced between -AD and AD provides more flexibility to select the reference TRP, as well as more consistency if multiple calibration quantities need to be reported 
For CJT calibration reporting for time calibration, support Alt 2 with uniformly spaced delay offset quantization between -AD and AD 
For the value of AD that identifies the range of quantization, our preference is to set AD to half of the CP value, since relative delay offset values above the CP value should be reported as out of range.
For CJT calibration reporting for time calibration, the quantization codebook range of -AD to AD is set to CP to  CP
For frequency offset reporting, we have similar preference to that of delay offset reporting, where the quantization codebook is symmetric around zero value, i.e., spanning a range of -AFO to AFO. The value of AFO can be a fraction of the SCS, e.g., 0.1.SCS, according to the examples above, to yield a reasonable dynamic range.
For CJT calibration reporting for frequency calibration, support uniform quantization codebook with range of -AFO to AFO is set to  SCS to  SCS
 In RAN1#116, it was proposed by some companies to report phase offset information across the TRPs with subband granularity. The motivation is not clear in our opinion, since the sub-band phase offsets can be corrected as part of the subsequent CSI reporting specified in legacy. We therefore support wideband reporting of phase offset values for CJT calibration reporting. 
For CJT calibration reporting for phase calibration, only support wideband phase offset reporting based on a uniform phase quantization codebook, i.e., M = 1
 
PMI subband resolution for CJT
As mentioned previously, the larger the number of non-colocated TRPs cooperating in CJT mode, the larger the effective Doppler spread corresponding to the aggregate channel between the UE and the TRPs. Note that the higher frequency selectivity of the channel, may require higher resolution for DL precoding, as shown in Example 1. The PMI subband resolution in legacy codebooks varies from 2 PRBs to 32 PRBs based on the configured BWP size. Hence, the reported time or phase offset values can help identify a refined PMI subband size based on a measure of the channel delay spread. Whether the refined PMI subband size is explicitly fed back to the network, or inferred from the time/phase offset values reported in the CJT calibration feedback report, needs further study.
For CJT calibration reporting, study whether an indicator of a refined PMI subband size based on a measure of the effective delay spread needs to be explicitly reported in the CJT calibration feedback report
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution addressed Rel-19 CSI enhancements. For CSI reporting enhancements for up to 128 ports, we have the following observations and proposals:
1. A unified design for Type-I codebook refinement for different rank values and number of ports is preferred for a simplified codebook structure
For Type-II codebook refinement to > 32 ports, some parameter combinations yield a significant CSI payload due to the large number of coefficient amplitude and phase values reported due to the large number of ports compared wih legacy codebook desig
1. For Rel-19 Type-I codebook refinement for > 32 ports, support:
· (1st preference) Scheme 1 based on an extension of legacy Type-I codebook, where for Rank > 2, support the extension based on legacy codebook for < 16 ports
· (2nd preference) Scheme 2 based on reusing SD basis structure of Rel-16 eType-II codebook with L=1
· (3rd preference) A dual codebook mode based on switching between Scheme 1 and Scheme 2, where the selection is network configured
1. For Type-I codebook refinement for >32 ports, consider the oversampling factor pair values  of  and 
1. Type-I multi-panel codebook refinement for >32 ports is deprioritized
1. Study whether refined Type-I codebook for > 32 ports is restricted to wideband PMI format
1. Study whether refined Type-II codebook for > 32 ports is restricted to smaller configured pv value(s), i.e., a smaller fraction of FD basis indices for Rel-16 eType-II codebook, and/or wideband reporting for Rel-17 FeType-II PS codebook
1. Down select the supported parameter combinations for refined Type-II codebook for > 32 ports to omit configurations with massive CSI payload
1. Study whether a two-stage CSI feedback for > 32 ports is supported, where the first stage corresponds to CSI-RS port subset selection of ≤ 32 ports, followed by a second stage corresponding to a legacy NR codebook. Further design details are FFS
1. For > 32 port CSI reporting, multiple legacy CSI-RS resources are configured from the same CSI-RS resource set
1. For > 32 port CSI reporting, all CSI-RS resources have the same number of ports and are configured with the same TCI state, CDM type, CSI freqBand, density of CSI-RS resource measured in RE/port/PRB, power offset of PDSCH RE to NZP CSI-RS RE, power offset of NZP CSI-RS RE to SSS RE
1. Support intra-slot and inter-slot multiplexing of the up to four CSI-RS resources for > 32 port CSI reporting
1. For > 32 port CSI reporting, support mapping method 2 for CSI-RS port mapping
For CRI-based CSI reporting enhancements, we have the following observations and proposals:
Reporting multiple CSIs per UE improves the network’s ability to co-schedule multiple UEs with the same beam associated with the same CRI
Type-II codebook type incurs significantly larger CSI feedback overhead compared with Type-I codebook, where the overhead is proportional with the number of reported CRIs
Interference measurement via NZP CSI-RS is not applicable to CRI-based CSI reporting without further specification impact
Reporting multiple CSI reports per CSI reporting configuration leads to significant challenges in CSI framework
1. For CRI-based CSI refinement for up to 128 ports, Type-II codebook type is supported
1. For each codebook type, the value of X depends on the total number of CSI-RS ports per CSI-RS resource
1. CRI-based CSI enhancements are limited to Rel-15 Type-I single panel codebook and Rel-16 eType-II DFT-based codebook
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. For CRI-based CSI reporting, support X = 4 and X = 2 for Type-I single panel codebook and Rel-16 eType-II codebook, respectively, subject to UE capability
1. For CRI-based CSI reporting, the value of M is network configured via higher-layer signaling
1. Interference measurement via NZP CSI-RS is not supported for CRI-based CSI reporting
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, the discussion on mapping order of CSI fields for CSI report Part 2 subband as well as CSI omission rules is deferred until the decision on the supported codebook(s) for CRI-based CSI reporting is finalized
For CJT calibration feedback reporting, we have the following observations and proposals:
For CJT calibration reporting, the calibration information to be reported, i.e., time, frequency and/or phase parameter value(s), depends on the environment as well as the calibration purpose
For CJT calibration reporting, the delay offset alphabet that is uniformly spaced between -AD and AD provides more flexibility to select the reference TRP, as well as more consistency if multiple calibration quantities need to be reported
1. For CJT calibration reporting, support reporting of different combinations of time, frequency and phase calibration information across the TRPs of a multi-TRP CJT deployment based on network configuration
1. For CJT calibration reporting, down select from the following alternatives for the RSs used for calibration information measurement:
· Alt-1: CJT calibration reporting is based on NTRP NZP CSI-RS resources associated with the NTRP TRPs
· Alt-2: CJT calibration reporting is based on NTRP TRSs associated with the NTRP TRPs
· FFS: whether each TRS comprises 2 or 4 CSI-RS resources
FFS: the time-domain behavior of the calibration information measurement RSs
1. For CJT calibration reporting, support UE selection of the reference TRP, where the reference TRP is reported in the CJT calibration report
1. For CJT calibration reporting for time calibration, support Alt 2 with uniformly spaced delay offset quantization between -AD and AD
1. For CJT calibration reporting for time calibration, the quantization codebook range of -AD to AD is set to CP to  CP
1. For CJT calibration reporting for frequency calibration, support uniform quantization codebook with range of -AFO to AFO is set to  SCS to  SCS
1. For CJT calibration reporting for phase calibration, only support wideband phase offset reporting based on a uniform phase quantization codebook, i.e., M = 1
1. For CJT calibration reporting, study whether an indicator of a refined PMI subband size based on a measure of the effective delay spread needs to be explicitly reported in the CJT calibration feedback report
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