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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]In last meeting, there was good progress on enhancements of CSI acquisition for supporting up to 128 CSI-RS ports on FR1 and UE reporting refinement for CJT with agreement agreed [1]. 
In this contribution, our views on CSI enhancement for supporting up to 128 CSI-RS ports on FR1 and UE reporting enhancement for CJT are provided . 
CSI enhancement for supporting up to 128 antenna ports
Group-based CBSR granularity
[bookmark: OLE_LINK4]In last meeting, the following agreement is achieved for CBSR.
	[bookmark: OLE_LINK24]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).

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.
· [bookmark: OLE_LINK9]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).




[bookmark: OLE_LINK10]Then, according to the last meeting, it was agreed to adopt a group-based CBSR granularity in order to reduce the indication overhead of CBSR. For Rel-19 type-I SP and Type-II codebook, the spatial domain basis vectors are orthogonal for each oversample group, which ensures sufficient spatial isolation between adjacent beams. Therefore, in order to minimize interference with adjacent cells, we propose that the values of X1 and/or X2 should be integer multiples of O1 and/or O2, respectively. For example, X1=αO1 and/or X2=βO2, where α and β are positive integers.  
Furthermore, to simplify the configuration of X1 and X2 and enhance the flexibility of group-based CBSR granularity, we suggest introducing the concept of a beam group pattern similar to using L=4 for legacy Rel-15 SP CB.
[bookmark: OLE_LINK8]Based on the analysis of above, the following is proposed.
: The values of X1 and/or X2 should be integer multiples of  O1 and/or O2 respectively. 
: Introduce beam group patterns to indicate the group-based CBSR granularity.

CPU occupation 
In last meeting, two UE capabilities for timeline  Z/Z’ was agreed as follows:
	Agreement
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· [bookmark: OLE_LINK6]Capability 1: Reuse legacy Z/Z’ values
· [bookmark: OLE_LINK20]Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· [bookmark: OLE_LINK30]The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· [bookmark: OLE_LINK16]The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’




[bookmark: OLE_LINK23]For Rel-15 Type-I SP CB, Rel-16 eType-II CB, and Rel-17 FeTypeII port selection CB, the CPU occupation of CSI reporting is denoted as , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement. Furthermore, for Rel-18 CJT CB, the maximum number of CSI-RS resource is 4, which corresponds to this specific use case of the aggregated  CSI-RS resources. If we do not consider the codebook parameter choice, the value of  is only related to the number of TRPs or CSI-RS resources. Therefore, we believe that the legacy value of  can be reused, for example,  .
: For Rel-19 Type-I SP, eType-II, and FeType-II PS CB, the legacy = can be reused. 

CRI-based CSI reporting refinement
CRI reporting 
In the lasting meeting, the following agreement is achieved for CRI reporting 
	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 
· [bookmark: OLE_LINK11]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)


	

	



[bookmark: OLE_LINK1]From the perspective of the NW side, considering the historical information and knowledge about beams with higher pair probability, it is reasonable for the NW to configure or request the UE to report CSI associated with less than M (<M) of KS  CSI-RS resources. However, we believe that MR = 1 is sufficient. Furthermore, the specific relationship between CSI-RS resources and analog beams depends on the NW's processing. The NW can consistently transmit the analog beam with a higher pair probability using a fixed CSI-RS resource index. For example, the CSI for the first CSI-RS resource can always be reported.
: Support the reporting of CSI corresponding to a fixed CSI-RS resource index.

CSI omission 
It is clear that reporting multiple CSIs helps increase the probability of UE pairing. However, the more CSI reporting there is, the larger the feedback overhead, which in turn increases the probability of reporting resource collision. From the NW perspective, only one CSI should be chosen to transmit the information. Therefore, we believe that support for CSI omission based on a mechanism similar to csi-ReportSubConfigID for NES should be considered.
:Supporting UCI omission with CSI level, similar to the mechanism based on csi-ReportSubConfigID for NES.

CPU and Z/Z’ values
In the lasting meeting, the following agreement are achieved for CRI-based CSI refinement. In this part, our views on CPU occupation and CSI calculate time are provided. 
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured




For Rel-15 Type-I SP CB, the number of CPU occupied by CSI reporting is  , which is not related to other factors such as the number of antenna ports. Therefore, we propose reusing the number of CPU occupied by CSI reporting as equal to  for the CRI-based CSI refinement based on Rel-15 SP CB, since the number of CSI-RS resources remains unchanged.
[bookmark: OLE_LINK2]Furthermore, for Rel-15 Type-I SP CB, if  CSI-RS resources are configured, each resource should contain a maximum of 16 CSI-RS ports. If  CSI-RS resources are configured, each resource should contain a maximum of 8 CSI-RS ports. However, for the CRI-based CSI refinement based on Rel-15 Type-I SP CB, the maximum number of CSI-RS ports is 32 for each CSI-RS resource. The legacy timeline Z/Z’ should be extended. Therefore, regarding timeline Z/Z’, we propose introducing two UE capabilities as follows:
· Capability 1: Reuse legacy Z/Z’ values
· [bookmark: OLE_LINK5]Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/8) or ceil(P/16) where P is the total number of ports across all the  aggregated CSI-RS resources
[bookmark: OLE_LINK28][bookmark: OLE_LINK25]:  For CRI-based CSI refinement based on Rel-15 Type-I SP CB , support OCPU = . 
: For CRI-based CSI refinement based on Rel-15 Type-I SP CB, introduce two UE capabilities:
Capability 1: Reuse legacy  values
Capability 2: Scale the legacy timeline  by ceil(P/8) or ceil(P/16) where P is the total number of ports across all the  aggregated CSI-RS resources

For Rel-16 Type-II codebook, the number of CPUs occupied by CSI reporting is denoted as . This value is not related to other factors, such as the number of antenna ports. Therefore, we propose reusing the number of CPUs occupied by CSI reporting as for the CRI-based CSI refinement based on Rel-16 Type-II codebook, as the number of CSI-RS resources remains unchanged.
Furthermore, for Rel-16 Type-II codebook, when the NW configures one CSI-RS resource, the legacy timeline is expressed as Z2/Z2'. As decided in the last meeting, the maximum number of CSI-RS resources is =4, and the CSI associated with each CSI-RS resource is calculated separately, similar to Rel-18 CJT codebook. Therefore, for the CRI-based CSI refinement based on Rel-16 Type-II codebook, the legacy timeline from Rel-18 CJT codebook should be reused. The timeline can be expressed as follows:
· Capability 1:  Reuse legacy   values
· Capability 2: Reuse legacy  for Rel-18 CJT
[bookmark: OLE_LINK29]:  For CRI-based CSI refinement based on Rel-16 Type-II codebook, support OCPU = . 
: For based on Rel-16 Type-II codebook CRI-based CSI refinement, support two UE capabilities:
[bookmark: OLE_LINK3]Capability 1: Reuse legacy  values
Capability 2: Reuse legacy  for Rel-18 CJT


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


	

	



In the last meeting, it was agreed to have joint reporting of delay and frequency offset calibration in a single report. Additionally, for delay and frequency offset calibration, the UE will report 'out of range' and 'invalid' information, respectively. When joint reporting the delay and frequency offset compensation information, if the indication information reported by the UE for one TRP is 'out of range' or 'invalid', then the delay and frequency offset compensation information will be considered useless. Therefore, it is necessary to jointly report the 'out of range' and 'invalid' indication information according to certain rules, which can help reduce the reporting overhead. For example, the 'out of range' and 'invalid' indication information can be combined using a bitwise AND operation. 
Furthermore, for TDD systems based on reciprocity, we believe that joint calibration of frequency offset, delay offset, and phase offset is a common case. Therefore, joint reporting of frequency offset, delay offset, and phase offset compensation should be considered. It is evident that the combined mechanism illustrated above, which indicates 'invalid' information, can also be applied in this situation.
: For TDD system based on reciprocity, frequency offset, delay offset, and phase offset calibration joint reporting should be considered. 
: When reporting multiple calibration quantities in a single report, the ‘invalid’ indication information can be share between them.

Conclusions
This contribution provides our views on CSI enhancement for supporting up to 128 antenna ports and UE reporting refinement for CJT. We have following proposals.
[bookmark: _GoBack] 
: The values of X1 and/or X2 should be integer multiples of  O1 and/or O2 respectively. 
: Introduce beam group patterns to indicate the group-based CBSR granularity.
: For Rel-19 Type-I SP, eType-II, and FeType-II PS CB, the legacy = can be reused. 
: Support the reporting of CSI corresponding to a fixed CSI-RS resource index.
:Supporting UCI omission with CSI level, similar to the mechanism based on csi-ReportSubConfigID for NES.
:  For CRI-based CSI refinement based on Rel-15 Type-I SP CB , support OCPU = . 
: For CRI-based CSI refinement based on Rel-15 Type-I SP CB, introduce two UE capabilities:
Capability 1: Reuse legacy  values
Capability 2: Scale the legacy timeline  by ceil(P/8) or ceil(P/16) where P is the total number of ports across all the  aggregated CSI-RS resources
:  For CRI-based CSI refinement based on Rel-16 Type-II codebook, support OCPU = . 
: For based on Rel-16 Type-II codebook CRI-based CSI refinement, support two UE capabilities:
Capability 1: Reuse legacy  values
Capability 2: Reuse legacy  for Rel-18 CJT
: For TDD system based on reciprocity, frequency offset, delay offset, and phase offset calibration joint reporting should be considered. 
: When reporting multiple calibration quantities in a single report, the ‘invalid’ indication information can be share between them.
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