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Introduction
[bookmark: _Ref494215420]In RAN#102 meeting, the new SID of ‘NR MIMO Phase 5’ was approved [1]. Based on the WID, The objective corresponding to CSI enhancements is copied below.
	2. [bookmark: _Hlk146697700]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 contribution, we provide our initial views on Type-I codebook refinement, Type-II codebook refinement, CRI(s)-based CSI reporting, as well as UE reporting enhancement for CJT.

Discussion
CSI-RS configuration
Based on the WID, it is clear that up to 128 CSI-RS ports are carried by legacy CSI-RS resources (with up to 32 CSI-RS ports per resource). Therefore, RAN1 needs to decide a list of supported number of CSI-RS ports and the corresponding antenna layout. Also, for each supported number of CSI-RS ports, further decide the configuration of a set of CSI-RS resources. In TS 38.211, the supported number of CSI-RS ports for one CSI-RS resource can be 1, 2, 4, 8, 12, 16, 24 or 32. Meanwhile, based on TS 38.214, for Type-I Single-Panel codebook and R15-R18 Type-II codebooks, the antenna layout for different number of CSI-RS ports are listed as below.
	

Table 5.2.2.2.1-2: Supported configurations of and 
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	4
	(2,1)
	(4,1)

	8
	(2,2)
	(4,4) 

	
	(4,1)
	(4,1)

	12
	(3,2)
	(4,4)

	
	(6,1)
	(4,1)

	16
	(4,2)
	(4,4)

	
	(8,1)
	(4,1)

	24
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,1)

	32
	(4,4)
	(4,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,1)





In order to support various antenna arrays with different number of antenna ports, one simple way is to double or quadruple the current antenna layout in N1 and/or N2 dimensions. In summary, the supported number of CSI-RS ports and the corresponding antenna layouts can be defined as follows.


Table 2.1-1 Supported configurations of and 
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	48
	(6,4)
	(4,4)

	
	(8,3)
	(4,4)

	
	(12,2)
	(4,4)

	
	(24,1)
	(4,1)

	64
	(8,4)
	(4,4)

	
	(16,2)
	(4,4)

	
	(32,1)
	(4,1)

	96
	(8,6)
	(4,4)

	
	(12,4)
	(4,4)

	
	(16,3)
	(4,4)

	
	(24,2)
	(4,4)

	
	(48,1)
	(4,1)

	128
	(8,8)
	(4,4)

	
	(16,4)
	(4,4)

	
	(32,2)
	(4,4)

	
	(64,1)
	(4,1)


Proposal 1: Adopt Table 2.1-1 for the number of supported CSI-RS antenna ports and the corresponding antenna layouts.

Regarding the CSI-RS resource configuration, multiple resources should be configured to carry up to 128 ports. In order to guarantee the channel estimation performance, it is important to make sure the orthogonality among the CSI-RS resources can always be met. 
Regarding the detailed configuration rules, technically speaking, as long as the RE density of the ports are the same, there’s no performance difference when different number of resources are configured within one resource set. On the other hand, in order to simplify the specification, we prefer to have a unified CSI-RS resource configuration rule for the refined Type-I codebook, refined Type-II codebook, and CRI(s)-based CSI reporting. We suggets to define a configuration rule as follows:
· UE can be configured with {2, 4} CSI-RS resources within a resource set 
· The number of ports are the same for all CSI-RS resources within a resource set
Therefore, we have the following proposal.
Proposal 2: Regarding the configuration of CSI-RS resources for up to 128 ports, support the follows rules
·  UE can be configured with {2, 4} CSI-RS resources within a resource set 
· The number of ports are the same for all CSI-RS resources within a resource set
· The orthogonality among antenna ports from multiple CSI-RS resources should be guaranteed

When multiple CSI-RS resources are configured to map to different antenna ports, there’s an issue on the mapping order between the configured CSI-RS resources and the antenna ports. In order to solve this issue, we suggest to simply specify that the antenna ports are mapped following the order of CSI-RS resource IDs configured in the CSI-RS Resource Set.
Proposal 3: The antenna ports are mapped following the order of CSI-RS resource IDs configured in the CSI-RS Resource Set.

Type-I codebook refinement
Before discussion on the details of codebook refinement, RAN1 needs to decide whether Type-I single-panel codebook and Type-I multi-panel codebook are both to be refined. Based on our understanding, Type-I single-panel codebook should be supported as basic codebook. However, there’s limited commercial interest on Type-I multi-panel codebook. Therefore, 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 4: Regarding Type-I codebook refinement, only support refinement of Type-I single-panel codebook.

On Type-I single-panel codebook refinement, with the assumption of refinement based on extension of legacy codebooks, the codebook structure should be reused. Thus, the refined codebook structure could be , where ,  is composed to L oversampled 2D DFT beams, and  performs QPSK co-phasing between two polarizations (as well as beam selection when L=4). 
Further, when the maximum values of N1 and N2 are increased, it is straightforward to extend the length of  and . Accordingly, the value ranges of the related codebook parameters  and   should be extended based on the newly supported values of N1 and N2. While for the other part of the codebook, we think the current design can be fully reused without any modification. 
Proposal 5: For Type-I codebook refinement, extend the value ranges of codebook parameters   and   to support up to 128 antenna ports.

Type-II codebook refinement
Regarding the codebook refinement, the WID clearly states that it should be based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s). Specifically, the refinement related with the number of ports is the SD basis selection part. Accordingly, the codebook parameter related with the values of N1 and N2 is . Thus, we have the following proposal.
Proposal 6: For Type-II codebook refinement, extend the value ranges of codebook parameter  to support up to 128 antenna ports.

CRI(s)-based CSI reporting
Based on WID, the objective of CRI(s)-based CSI reporting is to achieve CQI/PMI/RI calculated per CRI for ≥1 CRIs without new codebook design. First of all, one critical issue is which codebook is supported for PMI calculation per CRI. According to the justification, one of the design target on multi-beam reporting enhancement is to increase MU-MIMO scheduling opportunities. Considering that Type-II codebook is mainly designed for MU scheduling, we think at least Type-II codebook should be supported. 
Proposal 7: For CRI(s)-based CSI reporting, the PMI calculation per CRI is based on Type-II codebook.

In Rel.18, RAN1 specified Type-II codebook for CJT, which can be seen as one type of multi-beam reporting. The main difference in Rel.19 is that multiple beams are transmitted by sub-arrays from the same TRP. 
Observation 1: Type-II codebook for CJT can be considered as one type of multi-beam reporting.

Then the measured channels corresponding to these beams are spatially correlated, which can be used to reduce PMI feedback overhead. For example, the channel matrices maybe compressed before codebook calculation, SD basis selection for each beam maybe common or similar, etc. 
Proposal 8: For CRI(s)-based CSI reporting, further discuss on PMI overhead reduction.

On the other CSI parameters, we think legacy design can be reused. More specifically, one RI is reported, and CQI is reported for each TB. For CRI reporting, we can reuse the design for Type-II codebook for CJT, i.e. UE can select N out of M CSI-RS resources. The reason is that the configured beams may not always have good channel quality. Then UE can recommend the best beams based on channel measurement. 
Proposal 9: For CRI(s)-based CSI reporting, support UE selecting N out of M CSI-RS resources.

UE reporting enhancement for CJT
Based on the WID, the measurement of inter-TRP time misalignment and frequency/phase offset is based on legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH. Thus the first issue is how to configure CSI-RS resources for UE to measure multiple TRPs. In our views, UE can be configured with one CSI-RS resource set, and the inter-TRP measurement can be conducted between the first resource and the other resources within the CSI-RS resource set.
Proposal 10: For UE reporting enhancement for CJT, the inter-TRP measurement can be conducted between the first resource and the other resources within the CSI-RS resource set.

Regarding the reporting quantity of inter-TRP measurement, the definition is similar as DL reference signal time difference (DL RSTD) defined for NR positioning. In TS 38.215, DL RSTD is defined as follows.
	· [bookmark: _Toc524695266][bookmark: _Toc29045130][bookmark: _Toc29901471][bookmark: _Toc29901518][bookmark: _Toc35596399][bookmark: _Toc44881135][bookmark: _Toc51776305][bookmark: _Toc153613699]5.1.29	DL reference signal time difference (DL RSTD)
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.

Multiple DL PRS resources can be used to determine the start of one subframe from a TP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE,
RRC_IDLE





Then inter-TRP time misalignment can be defined as DL relative timing difference between the TP j and the TP i, which can be denoted as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from TP j, and TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j. Regarding to the reporting range, further discussion is needed since the maximum value of time misalignment is different from DL RSTD for NR positioning. 
Regarding the frequency/phase offset, the definition can be DL relative frequency/phase difference derived from the resource elements carrying CSI-RS resources transmitted from the TP j and the TP i. The reporting range should be further discussed including the maximum value and quantization step size.
Proposal 11: By reusing the definition of DL RSTD, Inter-TRP time misalignment can be defined as DL relative timing difference between the TP j and the TP i 
· Further discuss on the reporting range.
Proposal 12: The frequency/phase offset can be defined as DL relative frequency/phase difference derived from the resource elements carrying CSI-RS resources transmitted from the TP j and the TP i.
· Further discuss on the reporting range.

Conclusion
[bookmark: _GoBack]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:
Proposal 1: Adopt Table 2.1-1 for the number of supported CSI-RS antenna ports and the corresponding antenna layouts.


Table 2.1-1 Supported configurations of and 
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	48
	(6,4)
	(4,4)

	
	(8,3)
	(4,4)

	
	(12,2)
	(4,4)

	
	(24,1)
	(4,1)

	64
	(8,4)
	(4,4)

	
	(16,2)
	(4,4)

	
	(32,1)
	(4,1)

	96
	(8,6)
	(4,4)

	
	(12,4)
	(4,4)

	
	(16,3)
	(4,4)

	
	(24,2)
	(4,4)

	
	(48,1)
	(4,1)

	128
	(8,8)
	(4,4)

	
	(16,4)
	(4,4)

	
	(32,2)
	(4,4)

	
	(64,1)
	(4,1)


Proposal 2: Regarding the configuration of CSI-RS resources for up to 128 ports, support the follows rules
·  UE can be configured with {2, 4} CSI-RS resources within a resource set 
· The number of ports are the same for all CSI-RS resources within a resource set
· The orthogonality among antenna ports from multiple CSI-RS resources should be guaranteed
Proposal 3: The antenna ports are mapped following the order of CSI-RS resource IDs configured in the CSI-RS Resource Set.
Proposal 4: Regarding Type-I codebook refinement, only support refinement of Type-I single-panel 
codebook.
Proposal 5: For Type-I codebook refinement, extend the value ranges of codebook parameters   and   to support up to 128 antenna ports.
Proposal 6: For Type-II codebook refinement, extend the value ranges of codebook parameter  to support up to 128 antenna ports.
Proposal 7: For CRI(s)-based CSI reporting, the PMI calculation per CRI is based on Type-II codebook.
Observation 1: Type-II codebook for CJT can be considered as one type of multi-beam reporting.
Proposal 8: For CRI(s)-based CSI reporting, further discuss on PMI overhead reduction.
Proposal 9: For CRI(s)-based CSI reporting, support UE selecting N out of M CSI-RS resources.
Proposal 10: For UE reporting enhancement for CJT, the inter-TRP measurement can be conducted between the first resource and the other resources within the CSI-RS resource set.
Proposal 11: By reusing the definition of DL RSTD, Inter-TRP time misalignment can be defined as DL relative timing difference between the TP j and the TP i 
· Further discuss on the reporting range.
Proposal 12: The frequency/phase offset can be defined as DL relative frequency/phase difference derived from the resource elements carrying CSI-RS resources transmitted from the TP j and the TP i.
· Further discuss on the reporting range.
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