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In this contribution, we discuss remaining issues of Rel-18 CSI enhancement.

Issue 1: PDSCH-to-CSIRS EPRE offset for Type-II-CJT
RAN1#113 agreements [1]:
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted PDSCH across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 




From the above agreement, it is clear that the UE-assumed precoder power (i.e. UE-assumed power of PDSCH-CJT) is accounted as a summation across N TRPs: 
· “the combined precoder across N selected (out of the configured NTRP) CSI-RS resources”
· “the transmitted PDSCH across N selected (out of the configured NTRP) CSI-RS resources”
However, according to current 214 (v18.0.0) [2], UE-assumed power of PDSCH-CJT is defined as per-TRP contributed power (“ antenna ports of CSI-RS resource ”), which not only violates the agreement, but also even infeasible to work. 
For intuitive comparison, an example is illustrated in Figure 1, where a common EPRE offset of 0dB is assumed for each TRP for simplicity. Since each TRP’s contributed power portion of PDSCH-CJT is according to the reported PMI (which is determined by SVD and not controllable), it is not able to follow the pre-configured 0dB EPRE offset for each TRP (each CSI-RS resource). 

[image: ]
[bookmark: _Ref146824899]Figure 1. PDSCH-to-CSIRS EPRE offset based on PDSCH power summation across all TRPs (left), or based on per-TRP-contributed PDSCH power (right, e.g. TRP#1)

Besides, another (relatively less essential) issue is, whether it is required for the EPRE offset of each TRP to be commonly configured. 
The wording “commonly configured powerControlOffset value for all the N selected CSI-RS resources” is indeed explicit in the agreement, but there is also a note saying “doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general.” Our understanding is, the note is to avoid defining new RRC signaling, e.g, not to modify RRC signaling to per CSI-RS resource set configured powerControlOffset.

Based on the above analysis, we propose
Proposal 1: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.2.5.1b	UE assumptions for CQI/PMI/RI calculation for CJT 
< Unchanged text omitted >
-	a UE should assume PDSCH signals on antenna ports in the set  for  layers would result in signals equivalent to corresponding symbols transmitted on antenna ports  of each of the  selected CSI-RS resources, as given by
	
	where  is the precoding matrix corresponding to the procedure described in Clause 5.2.2.2.8 and 5.2.2.2.9 for codebookType set to 'typeII-CJT-r18' and ' typeII-CJT-PortSelection-r18', respectively, and  are the indices of the  selected CSI-RS resources in increasing order, such that . A UE should assume that the signals , , fully overlap in time and frequency.
-	a UE can assume that the PDSCH signals for  layers transmitted on the  antenna ports of CSI-RS resource  would have the same ratio of EPRE to CSI-RS resource ’s EPRE for all , equal to the commonly  configured powerControlOffset of the respective CSI-RS resource.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Issue 2: CSI reference resource of Type-II-Doppler 
The definition of CSI window is well-known as time “location” of PMI (and CQI, for 1 or 2 slots within the CSI window), and is well captured in Clause 5.2.1.4.2 of current 214 (v18.0.0) [2].
However, Clause 5.2.2.5 has been defining a general time “location” for any type of PMI since Rel-15, as part of legacy concept of CSI reference resource (other characteristics include frequency domain, PDSCH DMRS pattern etc.). 
It would be more clear to clarify Type-II-Doppler as an exception from legacy PMI/CQI’s time “location” definition as in Clause 5.2.2.5.
Proposal 2: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc130409801]5.2.2.5	CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, except for CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot , where  is a parameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213], and where is the subcarrier spacing configuration for  with a value of 0 for frequency range 1,
< Unchanged text omitted >
[bookmark: _Toc146641068]5.2.2.5.1c	UE assumptions for CQI/PMI/RI calculation for predicted CSI
If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is reported is set to 'cri-RI-PMI-CQI', the higher layer parameter codebookType is set to 'typeII-Doppler-r18' or ' typeII-Doppler-PortSelection-r18', and the corresponding CSI-RS Resource Set for channel measurement is aperiodic with  CSI-RS resources, for CQI calculation, a UE can assume the same ratio of EPRE to CSI-RS EPRE for all  configured CSI-RS resources.
In the time domain, it is according to Clause 5.2.1.4.2.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Issue 3: CPU counting for Type-II-Doppler
RAN1#113 agreements [1]:
	Agreement
Previous agreement is revised as follows
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 [+4] when P/SP-CSI-RS is configured for CMR, or  OCPU = Y.K  when AP-CSI-RS is configured for CMR
· Y≥1 is defined based on UE capabilities and determined by the UE, and can be different between P/SP-CSI-RS and AP-CSI-RS. 
· FFS: Whether the supported value(s) of Y can depend on codebook parameter values
· The legacy specification on CPU pools is fully reused
· When N4=1, OCPU =4
· OCPU ≥ 4 when P/SP-CSI-RS is configured for CMR




RAN1#114 agreements [4]: 
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation, the candidate values of Y are {2/3, 1, 2, 3}




According to the earlier RAN1#113 agreement,  can ensure  also for AP-CSI-RS case – that’s why this agreement does not explicitly say  for AP-CSI-RS case. However, later RAN1#114 agreement broke  with a smaller value 2/3 (which is understandable for larger K or N4), and makes  when K=4.
Proposal 3: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.1.6	CSI processing criteria
< Unchanged text omitted >
-	if a CSI-ReportConfig is configured with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI' and with codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18',
-	if the corresponding CSI-RS Resource Set for channel measurement is aperiodic and configured with  CSI-RS resources, , where  is reported by UE capability indication,
-	if the corresponding CSI-RS Resource Set for channel measurement is periodic or semi-persistent and configured with a single CSI-RS resource,  for  and , for , where the value of  is configured by the higher layer parameter N4, and is reported by UE capability indication,
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Issue 4: QCL assumption for TDCP measurement resource
RAN1#112bis-e agreements [3]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· [All the TRS resources in the configured resource set(s) share the same RE locations]
FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage




For the case of KTRS>1 sets configured, the above “FFS” seems to be missed in later meetings. 
According to our observation, conceptually, it is a consensus that the CSI-RS resources within all KTRS resource sets should be QCLed, and the FFS issue regarding QCL is mainly about the detailed signaling.
From our understanding, signaling perspective, there may be the following 3 possibilities: 
· Possibility 1: All the CSI-RS resources in the KTRS-1 sets (other than one set e.g. set#1) share a same TCI state sourced to a CSI-RS resource in e.g. set#1;
· Possibility 2: All the CSI-RS resources in the KTRS sets share a same TCI state sourced to a same SSB;
· Possibility 3: All the CSI-RS resources in the KTRS sets are defined as a same port
· Possibility 3 is basically extending the TRS definition (all CSI-RS resources within the set are assumed as a same port), to KTRS>1 sets
In our view, among all the above three, Possibility 3 is the simplest.
Proposal 4: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
5.1.6.1.1	CSI-RS for tracking
< Unchanged text omitted >
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. When the UE is configured with TDCP reporting, for which the number of CSI-RS Resource Sets (each of which is configured with the higher layer parameter trs-Info) in the CSI Resource Setting for channel measurement is , the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Issue 5: No additional impact on DL tracking by TDCP
RAN1#112bis-e agreements [3]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· [All the TRS resources in the configured resource set(s) share the same RE locations]
FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage




According to the following note from the above agreements: 
· “Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH,”
As for legacy, one single TRS set per QCL (i.e. per narrow analog Tx beam, for typical implementation) is how the way works out. Therefore, for KTRS>1 sets (per one same QCL), it is incremental to legacy, and the following is proposed

Proposal 5: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
[bookmark: _Toc11352110][bookmark: _Toc20318000][bookmark: _Toc27299898][bookmark: _Toc29673165][bookmark: _Toc29673306][bookmark: _Toc29674299][bookmark: _Toc36645529][bookmark: _Toc45810574][bookmark: _Toc146641032]5.2.1.2	Resource settings
< Unchanged text omitted >
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1, except for periodic CSI Resource Settings, when the UE is configured with TDCP reporting, for which the number of CSI-RS Resource Sets in the CSI Resource Setting for channel measurement is  and all the CSI-RS Resource Sets are configured with the higher layer parameter trs-Info. When , the UE does not expect the CSI-RS Resources of more than one of the  CSI-RS Resource Sets are configured as QCL source with respect to 'typeA' or 'typeD' of any potential PDCCH or PDSCH. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by BWP-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same time domain behavior.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Issue 6: Report dropping for TDCP 
RAN1#114 conclusions [4]: 
	Conclusion: 
For the Rel-18 TRS-based TDCP reporting, there is no consensus on supporting the following: 
· additional dropping rules beyond the current specification for CSI reporting
· …




Without any dedicated dropping rule for TDCP, what we can rely on is only legacy behaviour from Clause 5.2.2.5:
· “After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.”
· “When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise.”
This is definitely not true for TDCP case, where time-correlation for a delay needs at least one pair of CSI-RS occasions.
Proposal 6: Adopt the following TP to TS 38.214:
	------------------------------------------Start of Text Proposal ----------------------------------
5.2.2.5	CSI reference resource definition
< Unchanged text omitted >
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
For a CSI-ReportConfig configured with reportQuantity set to 'tdcp', the UE reports a CSI report only if receiving at least one pair of CSI-RS transmission occasions for each of the configured delay(s) no later than Z2’ symbols prior to the report PUSCH, and in DRX Active Time, when DRX is configured,, and drops the report otherwise.
< Unchanged text omitted >
--------------------------------------- End of Text Proposal ------------------------------------




Conclusion
In this contribution, we propose the above 6 TPs in total, for Issue 1 to 6 respectively.
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