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Introduction
[bookmark: _Ref494215420]In RAN1#116b 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
For Rel-19 Type-I single-panel (SP) codebook, it has been agreed to support legacy O1 and O2 value.
	Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, O1=O2 is 4
· FFS: Additional support for O1=O2 is 2 when RI=1-4 (including separate UE capability)


For the FFS on the additional support for O1=O2 is 2 when RI=1-4. Based on the discussion during the last meeting, it was clear that O1=O2=4 can achieve better performance. On the other hand, the reason to consider O1=O2=2 is due to the advantage of lower reporting overhead. However, since O1=O2=4 has been supported, supporting O1=O2=2 will cause additional spec complexity without clear benefit. For example, if O1=O2=2 when RI=4, there might be some additional issues on UCI reporting. Therefore, we don’t support O1=O2=2 when RI=4. 
Proposal 1: For Rel-19 Type-I single-panel (SP) codebook, do not support O1=O2=2 when RI=1-4.
On the CSI-RS resource configuration, the following refinement was agreed.
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· For AP-CSI-RS, allow resource-specific slot offset when the K NZP CSI-RS resources are located in two consecutive slots
· FFS: details on how to configure/determine the slot offsets


For AP CSI-RS, there’s FFS on how to configure/determine the slot offsets when the K NZP CSI-RS resources are located in two consecutive slots. In current spec, for aperiodic TRS, if the four CSI-RS resources are transmitted within two consecutive slots, NW will indicate the triggering offset for the first slot for the first two CSI-RS resources, and the other two CSI-RS resources will be transmitted in the second slot by default. Similar design can be reused for AP CSI-RS for CSI. For example, NW indicates the triggering offset for the first CSI-RS resource. If all CSI-RS resources are orthogonal, all CSI-RS resources are transmitted in the same slot; otherwise, if there’s RE level collision between the N-th CSI-RS resource and one of the first (N-1) CSI-RS resources, the first (N-1) CSI-RS resources are transmitted in the first slot, and the other CSI-RS resources are transmitted in the second slot.
Proposal 2: Regarding the determination of the slot offset for AP CSI-RS
· NW indicates the triggering offset for the first slot for the first CSI-RS resource
· If all CSI-RS resources are orthogonal
· All CSI-RS resources are transmitted in the same slot
· If there’s RE level collision between the N-th CSI-RS resource and one of the first (N-1) CSI-RS resources
· The first (N-1) CSI-RS resources are transmitted in the first slot, and the other CSI-RS resources are transmitted in the second slot
Regarding CBSR for Type I and Type II codebook, there’s common issue on how to determine the value of X1 and X2 and detailed design for CBSR.
	Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent. Final LS in R1-2403650.
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design /spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/-II codebooks with a same (N1,N2).

Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).


In our views, if (N1, N2) is different, the beam width of the SD basis will be different. Therefore, the value of X1 and X2 depends on the value of (N1, N2). We can consider to determine X1 and X2 based on the value of (N1, N2). For example, if (N1, N2) is (8,3), (16,2) or (16,2), X1 =4 and X2=1; if  (N1, N2) is (6,4), (8,4) or (8,8), X1 =2 and X2=2.
Proposal 3: On CBSR for Rel-19Type I/II codebook, the value of X1 and X2 depends on the value of (N1, N2)
· If (N1, N2) is (8,3), (16,2) or (16,2), X1 =4 and X2=1
· If  (N1, N2) is (6,4), (8,4) or (8,8), X1 =2 and X2=2
Regarding Type-I MP codebook, there’s an agreement on whether to support it and the detailed design.
	Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


Based on our understanding, there’s limited commercial interest on Rel-15 Type-I multi-panel codebook. Although there’s an assessment that the argument of time-to-market’ is not compelling. We still think commercial interest is an important justification to support an enhancement. Therefore, we don’t prefer to support Type-I multi-panel (MP) codebook refinement.
Proposal 4: Type-I multi-panel (MP) codebook refinement is not supported.
When RI=5-8, the following candidate schemes are listed for down selection.
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded


In our views, scheme1 should be supported as baseline because it’s straightforward extension. When scheme-A is used for RI=1-4, scheme1 can be supported for RI=5-8 such that SD basis selected by scheme-A for RI=1-4 can be reused for RI=5-8. Thus a simple and unified solution can be achieved.
Then for the other schemes for RI=5-8, in our views, an important factor is whether they can be combined with scheme-B for RI=1-4. If SD basis selection for RI=1-4 can be used for RI=5-8, UE complexity can be reduced. With the above principle in mind, scheme2 is a promising solution. The up to 4 SD basis selected for RI=1-4 can be directly reused for RI=5-8. While for scheme3, the selected SD basis are just orthogonal in one dimension (horizontal or vertical). Which means UE has to re-select the SD basis for RI=5-8. For scheme4, the orthogonality between two independently calculated PMIs maynot be guaranteed. Thus, without additional optimization, gNB may not be able to schedule the same UE with the two reported PMIs. Therefore, we prefer scheme1 and scheme2 for RI=5-8.
Proposal 5: For RI=5-8, support scheme1 and scheme2, where scheme1 is used when scheme-A is configured, scheme2 is used when scheme-B is configured.

CRI-based CSI for hybrid beamforming
For CRI-based CSI reporting, the following report quantities are supported. 
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)


For ‘cri-RI-i1-CQI’ and ‘cri-RI-i1’, in our views, reporting of i1 is useful when UE is moving with relatively high speed. Although supporting up to 128 ports is mainly for MU-MIMO, it’s beneficial to enable UE reporting i1 with large number of ports. In general, we prefer to support all report quantities defined for legacy codebooks.
Proposal 6: For the report quantities of Rel-19 CRI-based CSI, support ‘cri-RI-i1-CQI’ and ‘cri-RI-i1’.

On the reporting of CSI parameters, it has been agreed that CRIs are encoded separately.
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)


Regarding the FFS, the main idea is to support NW to select one or more TRPs that are mandated to be measured and reported by UE. However, in our views, the FFS is an optimization. Since these TRPs are measured independently, the M TRPs selected by UE should be the best among Ks configured TRPs. Therefore, NW assistance doesn’t have benefit. Similar issue has been discussed for Rel-18 Type-II CJT codebook without consensus. 
Proposal 7: For Rel-19 CRI-based CSI, do not support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of Ks CSI-RS resources.

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

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


For delay offset and frequency offset measurement, periodic TRS resource set can be configured for each of the TRPs. 
According to the agreement, there is an FFS on whether aperiodic TRS resource set can also be used. In our views, the reporting of CJT calibration parameters is not time-sensitive. The reporting delay saved by measuring aperiodic TRS is not critical. Therefore, no need to support aperiodic TRS. 
Proposal 8: For delay offset and frequency offset measurement, no need to support aperiodic TRS.
Regarding the additional support of CSI-RS for CSI, we are OK to support it considering the potential benefit of configuration flexibility. However, it is noted that, compared with periodic TRS that is originally configured for delay/frequency tracking, configuring CSI-RS for CSI will introduce additional resource overhead.
Observation 1: For delay offset and frequency offset measurement, support of CSI-RS for CSI will bring configuration flexibility, but will introduce additional resource overhead.
Regarding the frequency domain configuration of TRS, from UE perspective, the same bandwidth and RE location can simplify UE implementation. Therefore, we prefer to support the same bandwidth and RE location for all TRS resource sets.
Proposal 9: For delay offset and frequency offset measurement, support the same bandwidth and RE location for all TRS resource sets.
For phase offset measurement, single-port CSI-RS for CSI has been supported.
For the first FFS on whether to support multi-port CSI-RS for CSI, this bullet was proposed due to the reason that multiple phase offset or one averaged phase offset can be obtained. However, measuring multi-port CSI-RS will increase UE complexity, but the performance again of phase calibration based on multi-port CSI-RS is not clear to us. Therefore, we don’t prefer to support multi-port CSI-RS.
Proposal 10: For phase offset measurement, do not support multi-port CSI-RS for CSI.
Regarding the configuration of CSI-RS for CSI, we prefer to follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set. Within the resource set, each CSI-RS resource corresponds to one TRP. 
Proposal 11: Regarding the configuration of CSI-RS for CSI, support following the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set.

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: For Rel-19 Type-I single-panel (SP) codebook, do not support O1=O2=2 when RI=1-4.
Proposal 2: Regarding the determination of the slot offset for AP CSI-RS
· NW indicates the triggering offset for the first slot for the first CSI-RS resource
· If all CSI-RS resources are orthogonal
· All CSI-RS resources are transmitted in the same slot
· If there’s RE level collision between the N-th CSI-RS resource and one of the first (N-1) CSI-RS resources
· The first (N-1) CSI-RS resources are transmitted in the first slot, and the other CSI-RS resources are transmitted in the second slot
Proposal 3: On CBSR for Rel-19Type I/II codebook, the value of X1 and X2 depends on the value of (N1, N2)
· If (N1, N2) is (8,3), (16,2) or (16,2), X1 =4 and X2=1
· If  (N1, N2) is (6,4), (8,4) or (8,8), X1 =2 and X2=2
Proposal 4: Type-I multi-panel (MP) codebook refinement is not supported.
Proposal 5: For RI=5-8, support scheme1 and scheme2, where scheme1 is used when scheme-A is configured, scheme2 is used when scheme-B is configured.
CRI-based CSI for hybrid beamforming
Proposal 6: For the report quantities of Rel-19 CRI-based CSI, support ‘cri-RI-i1-CQI’ and ‘cri-RI-i1’.
Proposal 7: For Rel-19 CRI-based CSI, do not support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of Ks CSI-RS resources.
CJT calibration reporting for non-ideal synchronization and backhaul
Proposal 8: For delay offset and frequency offset measurement, no need to support aperiodic TRS.
Observation 1: For delay offset and frequency offset measurement, support of CSI-RS for CSI will bring configuration flexibility, but will introduce additional resource overhead.
Proposal 9: For delay offset and frequency offset measurement, support the same bandwidth and RE location for all TRS resource sets.
Proposal 10: For phase offset measurement, do not support multi-port CSI-RS for CSI.
Proposal 11: Regarding the configuration of CSI-RS for CSI, support following the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set.
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