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Introduction
[bookmark: _Ref494215420]In RAN1#116 meeting, RAN1 discussed R19 MIMO enhancements for the first time. Regarding the CSI enhancements, plenty of agreements have been achieved [1]. Based on the agreements, the basic design is almost clear, and the prioritized issues to be discussed in this meeting have been listed as FFS.
In this contribution, we provide our views and suggestions on some of the prioritized issues.

Discussion
Type-I and Type-II codebook refinement for up to 128 CSI-RS ports
Regarding the CSI-RS resource configuration, RAN1 has agreed to configure up to 4 legacy NZP CSI-RS resources with equal number of ports. In addition, some further configuration details are FFS.
	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


For the first FFS, when multiple CSI-RS resources are configured for CSI/PMI calculation, it’s important to determine the order of the antenna ports across multiple CSI-RS resources. In general, any of the mapping solutions can work as long as gNB and UE have the same understanding. Considering co-existence with pre-Rel-19 UEs, we prefer to maintain the mapping rule that for each CSI-RS resource, half of the antenna ports corresponds to one antenna polarization and the other half to the other polarization. Then, for PMI calculation, each SD basis is formed by the antenna ports from all CSI-RS resource that correspond to the same polarization.
Proposal 1: Regarding the port mapping across all CSI-RS resources, support to maintain the mapping rule that for each CSI-RS resource, half of the antenna ports corresponds to one antenna polarization and the other half to the other polarization.

For the second FFS, in order to guarantee the CSI/PMI calculation accuracy, it is beneficial to configure all the CSI-RS resources within a small time window. Therefore, we prefer to reuse the Rel-18 CJT CMR restrictions, i.e., all CSI-RS resources shall be located within 2 consecutive slots. Regarding the additional restrictions, in our views, the same power/frequency/spatial domain configuration can be adopted to simplify UE implementation. Therefore, we have the following proposal.
Proposal 2: Adopt the following configuration restrictions:
· All CSI-RS resources shall be located within 2 consecutive slots
· All CSI-RS resources shall be configured with the same PCoffset, CDM type, RS density, RB locations, TCI state/QCL assumption

For the third FFS, although multiple CSI-RS resources are configured as CMRs, these resources are aggregated for PMI calculation. Therefore, in our views, the IMR configuration can be the same as legacy when one CMR is configured. In other words, if CSI-IM resource for interference measurement is configured, support only one CSI-IM resource for one CSI reporting. If NZP CSI-RS resource for interference measurement is configured, UE expects no more than 18 NZP CSI-RS ports configured in a NZP CSI-RS resource set.
Proposal 3: Regarding resource configuration for interference measurement, reuse legacy configuration as when one CMR is configured.

For the fourth FFS, we think configuring all the K CSI-RS resources within a same CSI-RS resource set should be enough.
Proposal 4: Support configuring all the K CSI-RS resources within a same CSI-RS resource set.

Regarding Type-I codebook refinement for up to 128 CSI-RS ports, the following schemes are listed for further down selection. 
	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


First of all, the characteristic of Type-I codebook should be maintained. Specifically, the refinement should not change the codebook structure or introduce new reporting parameters. Based on the agreement made in Rel.15, Type I codebook assumes , where ,  is composed to L oversampled 2D DFT beams, and  performs beam selection (only for L=4) and QPSK co-phasing between two polarizations. 
Scheme1 is a basic extension by simply adding new (N1, N2) values. In our views, Scheme1 can be considered as a default solution if there’s no consensus on supporting any of the other schemes.
For Scheme2, the restriction of SD basis selection is removed so that SD basis selection can be performed independently for each layer. In general, we are open to support this scheme, as long as the performance gain can be observed.
In addition to Scheme2, Scheme2B introduces amplitude reporting, which is not present in legacy Type I codebook. Therefore, we don’t prefer this scheme.
Similar as Scheme2B, Scheme3 introduces linear combination of SD basis vectors, which is not a characteristic of Type-I codebook. We don’t prefer this scheme, either.
For Scheme4, multiple Type I codebooks are used together to form a precoder. Although Type I codebook is reused, from the precoder point of view, the precoder is not generated by a single Type I codebook. Therefore, we don’t prefer this scheme.
For Scheme5, the candidate set of orthogonal beams for the second beam selection is extended. Similar as Scheme2, the benefit is increasing the flexibility of SD basis selection across different layers. However, the SD basis selection in Scheme5 is not as free as Scheme2. 
For Scheme6, we think it is similar as Scheme4 other than adding new (N1, N2) values.
In summary, we have the following suggestion.
Proposal 5: Regarding Type-I codebook refinement, support Scheme1 as baseline.

According to the above agreement, there’s an FFS on extension of Rel-15 Type-I MP codebook. Based on our understanding, there’s limited commercial interest on Type-I multi-panel codebook. Thus, the benefit to refine Type-I multi-panel codebook is not clear.  In order to reduce the workload, we suggest to only focus on Type-I single-panel codebook refinement.
Proposal 6: Regarding Type-I codebook refinement, only support refinement of Type-I single-panel codebook.

Regarding Type II codebook refinement for up to 128 CSI-RS ports, the following agreement has been achieved.
	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


In current specification, the legacy SD basis selection indication has full indication flexibility, and the reporting format of combinatorial indicator is used to reduce the reporting overhead, with the cost that UE may store the entire combinatorial coefficients table. According to the above agreement, there’s an open issue on whether to support refinement of SD basis selection indication to reduce UE memory requirements. In our views, without storing the entire combinatorial coefficients table, the SD basis selection will be restricted, which may sacrifice the performance gain in some degree. Thus, we prefer to reuse the legacy SD basis selection indication design.
Proposal 7: Regarding SD basis selection indication for Type II codebook refinement, reuse the legacy Rel-16 eType-II design.

CRI-based CSI for hybrid beamforming
Regarding CRI-based CSI reporting, the following agreement was made.   
	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 legacy CSI reporting, UE will measure KS>1 NZP CSI-RS resources. Based on the channel quality of each beam, UE shall select only one beam and report the CRI together with one “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}. While in CRI-based CSI reporting, UE will report M “quadruplets” in one CSI reporting instance, where each “quadruplets” corresponds to one beam. Considering that UE is able to estimate the channel quality of each beam, it is beneficial to allow UE to report CSI corresponding to a subset of beams. In other words, we suggest to support that the value of M is UE-selected.
Proposal 8: For CRI-based CSI reporting, the value of M is UE-selected.

For each “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}, RAN1 has agreed two alternatives.
	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


Comparing between Alt1 and Alt2, the difference is whether to support Rel-16 eType-II codebook in addition to Rel-15 Type-I Single Panel codebook. According to the justification, one of the design target on CRI-based CSI reporting is to increase MU-MIMO scheduling opportunities. Considering that Type-II codebook is mainly designed for MU scheduling, we think Type-II codebook should be supported. 
Proposal 9: For CRI-based CSI reporting, Support both Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook.

When multiple codebooks are reported, especially for Rel-16 eType-II codebook, the reporting overhead maybe too large. Considering that the measured channels corresponding to these beams are spatially correlated, it is possible to reduce PMI overhead. For example, the channel matrices maybe compressed before codebook calculation, SD basis selection for each beam maybe common or similar, etc. Therefore, we suggest to further study PMI overhead reduction.
Proposal 10: For CRI-based CSI reporting, further discuss on PMI overhead reduction.

CJT calibration reporting for non-ideal synchronization and backhaul
Regarding CJT calibration, the following measurement and reporting configuration is supported.
	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)


According to the above agreement, there’s an open issue on how to determine the number of NZP CSI-RS resources that UE reports for. In our views, since one of the use case for CJT calibration reporting is to assist TRP selection by gNB, The UE shall report for all the configured NTRP NZP CSI-RS resources. Besides, even if one of the TRPs has larger delay/frequency offset, the TRP can still be used for single TRP transmission. In addition, the motivation and benefit to dynamically change the number of reported values is not clear to us.
Proposal 11: For CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets.

Conclusion
In this contribution, we provided our views on the details of the deployment scenarios for channel model for ISAC. The following observations and proposals are made:
Type-I and Type-II codebook refinement for up to 128 CSI-RS ports
Proposal 1: Regarding the port mapping across all CSI-RS resources, support to maintain the mapping rule that for each CSI-RS resource, half of the antenna ports corresponds to one antenna polarization and the other half to the other polarization.
Proposal 2: Adopt the following configuration restrictions:
· All CSI-RS resources shall be located within 2 consecutive slots
· All CSI-RS resources shall be configured with the same PCoffset, CDM type, RS density, RB locations, TCI state/QCL assumption
Proposal 3: Regarding resource configuration for interference measurement, reuse legacy configuration as when one CMR is configured.
Proposal 4: Support configuring all the K CSI-RS resources within a same CSI-RS resource set.
Proposal 5: Regarding Type-I codebook refinement, support Scheme1 as baseline.
Proposal 6: Regarding Type-I codebook refinement, only support refinement of Type-I single-panel codebook.
Proposal 7: Regarding SD basis selection indication for Type II codebook refinement, reuse the legacy Rel-16 eType-II design.
CRI-based CSI for hybrid beamforming
Proposal 8: For CRI-based CSI reporting, the value of M is UE-selected.
Proposal 9: For CRI-based CSI reporting, Support both Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook.
Proposal 10: For CRI-based CSI reporting, further discuss on PMI overhead reduction.
CJT calibration reporting for non-ideal synchronization and backhaul
Proposal 11: For CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets.
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