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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Following two objectives related to CSI enhancement are listed in MIMO Evolution for Downlink and Uplink WID [1].
	1.	Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
-	Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
-	UE reporting of time-domain channel properties measured via CSI-RS for tracking
4.	Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
-	Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
-	SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
-	Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we discuss CSI enhancement for high-medium UE velocities and coherent JT(CJT) within the above WID scope.
[bookmark: _Ref118709366]Views on CSI enhancement for high/medium UE velocities
Start of the CSI report window when PUSCH repetition is configured
The reference of CSI reporting slot should be clarified when PUSCH carrying the CSI reporting is configured with repetition transmission towards M-TRP. Such feature has been supported in Rel-17 and can be applied for FR1. When A-CSI or SP-CSI are transmitted on PUSCH configured with repetition, where some repetition occasion(s) are associated to first SRS resource, and some other repetition occasion(s) are associated to second SRS resource, the CSI are transmitted only on first PUSCH repetition corresponding to the first SRS resource and the first PUSCH repetition corresponding to the second SRS resource. In other words, the A/SP-CSI is carried in two slots. In this case, taking which CSI reporting slot n' as reference should be discussed for Rel-18 Doppler CSI. The purpose of supporting UE CSI prediction is mainly to ensure the CSI reporting (e.g. PMIs) are close to the future PDSCH scheduling slots as much as possible. When A/SP-CSI are transmitted in different slots for reliability, gNB may decode the CSI successfully only both CSI repetitions are received due to bad wireless channel. Hence it is better to take the latter CSI repetition as the reference as illustrated in Figure 1. Hence we have the following proposal and TP.



[bookmark: _Ref134955924]In case of CSI reporting repetition towards M-TRP
[bookmark: _Ref134955380]In case of A/SP-CSI reporting repetition towards M-TRP, the start of CSI reporting window is slot , where  is the last uplink slot carrying the CSI report.
Adopt the following TP to TS 38.214.
	[bookmark: _Hlk142669108]------------------------------------------Start of Text Proposal ----------------------------------
5.2.1.4.2	Report Quantity configurations
< Unchanged text omitted >
Subject to UE capability, a UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI' is assumed to support UE-side CSI prediction. The reported PMI indicates predicted precoder matrices associated with  consecutive slot intervals, each with duration of  slots, where the value of  is configured by N4. If the UE is configured with an aperiodic CSI-RS resource set for channel measurement, the value, in number of slots, of the time unit  is configured by higher layer parameter d, where  is defined in Clause 5.2.1.4.1. If the UE is configured with a periodic or semi-persistent CSI-RS resource set for channel measurement, the value of  is equal to the periodicity of the CSI-RS resource. The earliest of the  slot intervals starts at slot , where  is the uplink slot in which the CSI is reported and the slot offset  is configured by higher layer parameter delta.
-    If the CSI report is carried in more than one slot,  is the last uplink slot in which the CSI is reported.
-	For , the UE is expected to report a predicted PMI for slot interval , where the initial slot  is configured by the slot offset  and the value  can be configured only for . A UE can be configured with  if the higher layer parameter codebookType is set to 'typeII-Doppler-r18', or 'typeII-Doppler-PortSelection-r18'.
-	The reported CQI is associated with slot  and the reported PMI.
-	For , the UE is expected to report a PMI which indicates predicted precoder matrices associated with slot intervals , for , where the initial slot  is configured by the slot offset , with  defined in Clause 5.2.2.5. A UE can be configured with  if the higher layer parameter codebookType is set to 'typeII-Doppler-r18'.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------


Views on CSI enhancement for coherent JT
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]CSI processing
The following agreements agreed in RAN1 #113 have two FFS points about the scaling factor of CPU counting and the additional CSI computation time in Z/Z’. 
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the CPU occupation: OCPU = X.NTRP where 
· X≥1 when NTRP>1, is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X are common or can depend on the value of NTRP, NL, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection)
· The legacy specification on CPU pools is fully reused
· Note: When NTRP=1 is configured, legacy OCPU applies, i.e. OCPU =1  
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

For the Rel-18 CJT Type-II codebook calculation, the {Ln} selection can be implemented in the algorithm of SD basis selection, eliminating the need to calculate CJT CSI for multiple {Ln} combinations separately. The dynamic TRP selection can be performed based on simple metrics like RSRP prior to codebook calculation, and UE is not mandated to calculate multiple CSI hypothesis. Hence, the need to make X depend on NTRP, NL, total sum of {Ln}, and/or other CJT features is not significant. Besides, the Capability 2 for Z/Z’ with longer CSI processing time has been agreed in the last meeting, where the value(s) of r can depend on the configured NTRP value. That is, the CSI processing time of the UE can consider the larger number of TRPs, and there is no need to reconsider it for the CPU counting. Therefore, regarding the factor of CPU counting, it is sufficient to have a common X value for simplicity.
Support the value(s) of X to be common for different configurations and the value(s) of r>0 to depend on the configured NTRP value.
CMR selection
The support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report had be agreed in RAN1 #109 and RAN1 #110, so enhanced Type II codebook for CJT should be compatible with NTRP=1 naturally.
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected
· FFS: Whether to prioritize or only support NTRP={1, 2}
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, support NTRP={1, 2, 3, 4} with equal priority.

The following text excerpted from the R1-2306330[2] indicates that if restrictedCMR-Selection is not configured, an 𝑁𝑇𝑅𝑃-bit bitmap is always reported by UE even if 𝑁𝑇𝑅𝑃=1, which doesn't make sense. Therefore, it is needed to clarify that when 𝑁𝑇𝑅𝑃=1 and restrictedCMR-Selection is not configured, 𝑁𝑇𝑅𝑃-bit bitmap is not reported to save one unnecessary bit in UCI.
	R1-2306330, Sec. 5.2.2.2.8:
<Unchanged text is omitted>
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index.
<Unchanged text is omitted>

	R1-2306330, Sec. 5.2.2.2.9:
<Unchanged text is omitted>
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index.
<Unchanged text is omitted>



Adopt following text proposal in 5.2.2.2.8 in R1-2306330.
	------------------------------------------Start of Text Proposal ----------------------------------
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]5.2.2.2.8	Enhanced Type II codebook for CJT
< Unchanged parts are omitted >
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index. If 𝑁𝑇𝑅𝑃=1, the 𝑁𝑇𝑅𝑃-bit bitmap is not reported.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------


Adopt following text proposal in 5.2.2.2.9 in R1-2306330.
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.2.2.9	Further enhanced Type II port selection codebook for CJT
< Unchanged parts are omitted >
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index. If 𝑁𝑇𝑅𝑃=1, the 𝑁𝑇𝑅𝑃-bit bitmap is not reported.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------



Conclusions 
To summarize, we have following observations and proposals.
CSI enhancement for high/medium UE velocities:
1. In case of A/SP-CSI reporting repetition towards M-TRP, the start of CSI reporting window is slot , where  is the last uplink slot carrying the CSI report.
1. Adopt the following TP to TS 38.214.
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.1.4.2	Report Quantity configurations
< Unchanged text omitted >
Subject to UE capability, a UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI' is assumed to support UE-side CSI prediction. The reported PMI indicates predicted precoder matrices associated with  consecutive slot intervals, each with duration of  slots, where the value of  is configured by N4. If the UE is configured with an aperiodic CSI-RS resource set for channel measurement, the value, in number of slots, of the time unit  is configured by higher layer parameter d, where  is defined in Clause 5.2.1.4.1. If the UE is configured with a periodic or semi-persistent CSI-RS resource set for channel measurement, the value of  is equal to the periodicity of the CSI-RS resource. The earliest of the  slot intervals starts at slot , where  is the uplink slot in which the CSI is reported and the slot offset  is configured by higher layer parameter delta.
-    If the CSI report is carried in more than one slot,  is the last uplink slot in which the CSI is reported.
-	For , the UE is expected to report a predicted PMI for slot interval , where the initial slot  is configured by the slot offset  and the value  can be configured only for . A UE can be configured with  if the higher layer parameter codebookType is set to 'typeII-Doppler-r18', or 'typeII-Doppler-PortSelection-r18'.
-	The reported CQI is associated with slot  and the reported PMI.
-	For , the UE is expected to report a PMI which indicates predicted precoder matrices associated with slot intervals , for , where the initial slot  is configured by the slot offset , with  defined in Clause 5.2.2.5. A UE can be configured with  if the higher layer parameter codebookType is set to 'typeII-Doppler-r18'.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------


[bookmark: _GoBack]
CSI enhancement for coherent JT:
Support the value(s) of X to be common for different configurations and the value(s) of r>0 to depend on the configured NTRP value.
Adopt following text proposal in 5.2.2.2.8 in R1-2306330.
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.2.2.8	Enhanced Type II codebook for CJT
< Unchanged parts are omitted >
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index. If 𝑁𝑇𝑅𝑃=1, the 𝑁𝑇𝑅𝑃-bit bitmap is not reported.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------


Adopt following text proposal in 5.2.2.2.9 in R1-2306330.
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.2.2.9	Further enhanced Type II port selection codebook for CJT
< Unchanged parts are omitted >
The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is 𝑁=𝑁𝑇𝑅𝑃. Otherwise, the UE is expected to select 𝑁 CSI-RS resources, with 1≤𝑁≤𝑁𝑇𝑅𝑃, and the selection is reported with an 𝑁𝑇𝑅𝑃-bit bitmap, , where the CSI-RS resources are mapped from bit 𝑏1 to bit  by their ordering in the resource set and the first of the 𝑁 selected CSI-RS resources corresponds to the nonzero bit with lowest index. If 𝑁𝑇𝑅𝑃=1, the 𝑁𝑇𝑅𝑃-bit bitmap is not reported.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------
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