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In the Rel-18 MIMO WID [1], the following objectives were scoped for CSI: 
	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
· …
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32




In this contribution, we continue to discuss aspects related to the above three features: Type-II-Doppler, Type-II-CJT, and TRS-based TDCP reporting.

[bookmark: _Ref127483641][bookmark: _Ref102086766]Type-II-Doppler codebook refinement 
Remaining issues for Type-II-Doppler include: Timeline, counting of CPU, active CSI-RS resources/ports, wherein for timeline, it is also associated with an issue of long latency b/w triggering PDSCH and report PUSCH. Besides, restriction for P-CSI-RS in time-domain has not been fully discussed – which is related to UE buffer and receiving phase-continuity across multiple occasions, and is an essential issue to make this Type-II-Doppler practical from UE perspective. 
Reference resource and timeline anchor
RAN1#110bis-e agreements [2]:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after slot l where the location of slot l is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of slot l location include the legacy CSI reference resource location (n – nCSI,ref ) and slot (n+δ) where δ ≥ 0
· FFS: Possible value(s) of δ and possible value(s) of WCSI
Note: Per legacy behavior, the legacy CSI reference resource, i.e., (n – nCSI,ref ), is reused for locating the last CSI-RS occasion used for a CSI report
For a UE that supports UE-side prediction, the support of l = (n – nCSI,ref ) is UE optional.




RAN1#112 agreements [3]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), in addition to 0 and 2, δ=1 is additionally supported

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· …




Since it already has both PMI and CQI defined in a new time location than legacy, it is natural to define new reference resource for Rel-18 Type-II-Doppler CSI.
Proposal 1: For Type-II-Doppler, define the first slot of WCSI as CSI reference resource.
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Figure 1. Rel-18 Type-II-Doppler CSI reference resource

Legacy CSI reference resource actually has two roles: (1) For RAN4 validation test for PMI/CQI report; (2) To take into account CSI timeline – as a “timeline anchor” for for CSI-RS/IM-to-PUSCH: 
	Section 5.2.2.5, TS 38.214
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 Rel-18 TD CSI, it is straight-forward to decouple timeline anchor and reference resource.
Proposal 2: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” wherein the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
Then the next question is, how is timeline anchor defined for Type-II-Doppler? Conceptually, we can reuse definition from Rel-15 definition, as illustrated in Figure 2, and only need to have larger  value for Type-II-Doppler.
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[bookmark: _Ref134797237]Figure 2. Timeline anchor for Rel-18 Type-II-Doppler CSI

For a minor case: SP-report, legacy Rel-15 has nCSI_nef = 4 or 5 slots in Figure 2, prior to the report PUSCH slot. Anyway timeline needs to be extended either for AP-report, or for SP-report, thus SP-report case can also be similarly treated, by also applying nCSI_nef =  symbols ( slots).

Timeline / CPU / active ports
RAN1#112bis-e agreements [4]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and, DD compression (when the configured N4 value is >1) 




Compared with Rel-16 non-TD eType-II, UE complexity increases in time-domain mainly regarding:
· More CSI-RS occasions (e.g. K=4,8,12 for AP-CSI-RS case) for channel measurements needed
· More precoder calculation needed (N4) 
· Extrapolation has not been taken into account 
Therefore, extended timeline is a natural desire from UE side.
Take the case of AP-CSI-RS for example,  would be more critical than , since PDCCH-to-PUSCH gap is already long due to at most K=12 CSI-RS occasions. 
To simplify the extension, we propose to extend  based on existing , and determine  based on the extended  plus the “measurement window” length – it is noted that, although  does not apply to P-CSI-RS case, it does not prevent P-CSI-RS to also define  in this way (e.g. based on a “virtual” ).
Proposal 3: For Type-II-Doppler with AP-CSI-RS, timeline  is  based on existing , where  is based on UE capability and increases with .
· An exemplary  can be ={2,2,4,4} respectively for ={1,2,4,8}.
For AP-CSI-RS, timeline Z is defined as , wherein K is the number of CSI-RS resources within the AP-CSI-RS burst, and m is the time-interval (in slots), b/w two adjacent CSI-RS occasions;
For P-CSI-RS (no  although), timeline Z is defined as , wherein  is CSI-RS periodicity (in slots).
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For the value of “4” in  for P-CSI-RS, it is taken from the minimum agreed value of “K” for AP-CSI-RS case. 
Then for computational resource counting, we propose
Proposal 4: For Type-II-Doppler, the value of OCPU, as well as number of active CSI-RS resources/ports, is defined for AP-CSI-RS and P/SP-CSI-RS respectively as
· For AP-CSI-RS: , 
· For P-CSI-RS: , 
wherein  is based on UE capability, K is the number of CSI-RS resources within the AP-CSI-RS burst.

Long latency issue with PUSCH scheduling
To accommodate a burst CSI-RS occasions, and to accommodate CSI timeline, PDCCH-to-PUSCH distance should be long enough. For instance, for K=12 CSI-RS occasions within an AP-CSI-RS burst, and m=2 slots interval, it would take at least 2*(12-1)+1=23 slots – this has not even taken into account timeline .
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[bookmark: _Ref111068272]Figure 3. Long distance of PDCCH-to-PUSCH

The long PDCCH-to-PUSCH distance can cause two issues:
· Issue 1: Longer latency for UL-SCH conveyed on the report PUSCH;
· Issue 2: Potentially reduced UL throughput due to the in-order HARQ rule: No scheduling is feasible in between.
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Figure 4. In-order HARQ rule

One possible solution can be, split the CSI measurement and reporting triggering by 2-stage PDCCH:
· PDCCH1: Triggers CSI measurement/computation, or additionally with AP CSI-RS burst (if applicable, i.e. if the triggered AP CSI state is associated with AP CSI-RS burst);
· PDCCH2: Schedules the report PUSCH (e.g. PUSCH2 in Figure 5);
· The linkage to associate PDCCH1 and PDCCH2 can be, a same AP CSI state codepoint is indicated.
For PDCCH1, it does not necessarily need to be a UL grant. But given that UL grant DCI format 0_1 o 0_2 already has such triggering field, reusing UL grant DCI for PDCCH1 may need less standard efforts. 
One issue for this PDCCH split is, since WCSI is “anchored” on report PUSCH slot n, but given now PDCCH1 does not schedule a report PUSCH – n can’t be determined after UE decoding PDCCH1. 
One solution can be, to define a “virtual report” slot n – only purposed to define WCSI starting slot (l). For example, for AP-CSI-RS, “virtual report” slot n can be defined as a fixed  slots after the K-th CSI-RS occasion (last occasion) of the AP-burst.
An example is illustrated in Figure 5 with 2-stage PDCCH and “virtual report” slot n.
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[bookmark: _Ref118536021]Figure 5. 2-stage PDCCH triggered TD CSI

Proposal 5: For Type-II-Doppler, support 2-stage PDCCH triggering mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI: A 1st PDCCH to trigger CSI measurement/computation (and AP CSI-RS, if applicable), and, a 2nd PDCCH to trigger report.
Proposal 6: For Type-II-Doppler, for 2-stage PDCCH triggering, the first PDCCH1 indicates a “virtual report” slot n for the determination of WCSI’s time location, wherein the “n” is defined as
· For AP-CSI-RS burst,  slots after the K-th CSI-RS occasion (last occasion)
· For P-CSI-RS burst,  slots after the first PDCCH1
For the value of “4” in the above proposal,  slots for P-CSI-RS, it is taken from the minimum agreed value of “K” for AP-CSI-RS case: Assuming 4 CSI-RS occasions are received after PDCCH1 for measurement.

CMR requirement
RAN1#110bis-e agreements [2]:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR:
· Time-domain behaviour for NZP CSI-RS resource: periodic (P), semi-persistent (SP), aperiodic (AP)
· FFS: Whether to introduce constraints on allowed configuration
· …




[bookmark: OLE_LINK7]For an aperiodic Type-II-Doppler CSI report configured with P/SP CSI-RS, UE needs to be prepared for an aperiodic report potentially triggered any time. This may require UE buffer a series of recently received CSI-RS occasions, and can dramatically increase the requirement of UE memory and cause wasted power consumption, especially when operating at a large bandwidth.
Another probably more severe issue if the CSI-RS occasions are not received in a “causal” way is, the receiving may lack phase continuity, which will make the channel-based extrapolation not even workable. Until current RAN1 discussion, channel-based extrapolation is the general assumption, thus it is reasonable to assume phase-continuity needed to receive a burst of CSI-RS occasions for a report.
Therefore, a sufficient number of CSI-RS occasions after PDCCH triggering should be satisfied for the report.
Proposal 7: For Type-II-Doppler, restrict for P/SP CSI-RS receiving for AP-report: A minimum 4 CSI-RS occasions should be satisfied between the triggering PDCCH and Z’ symbols prior to the report PUSCH.

PDSCH-to-CSIRS EPRE offset
RAN1#112bis-e agreements [4]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one
Note: This may imply that existing section 5.2.2.2.75 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource




Proposal 8: For Type-II-Doppler, a same PDSCH-to-CSIRS EPRE offset is configured for all K CSI-RS resources within an AP-burst (i.e. Alt1). 

Type-II-CJT codebook refinement 
ParamCombo 
RAN1#112bis-e agreements [4]:
	Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based
· For NTRP =1, 
· fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages

	NTRP
	SD combo
	FD combo {pv},

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½ 
	{1/4, ¼, 1/8, 1/8}, ¼ 
	{1/4, ¼, 1/8, 1/8}, ½ 
	{1/4, ¼, ¼, ¼}, ¾ 
	{1/2, ½, ½, ½}, ½ 

	1
	2
	
	
	x
	x
	
	

	
	4
	
	
	x 
	x
	x
	

	
	6 w/ restriction
	
	
	
	x
	x
	

	2
	{2,2}
	x
	
	
	
	
	 

	
	{2,4}
{4,2}
	x
	
	
	
	
	 
 

	
	{4,4}
	
	x
	 
	x
	
	x

	3
	{2,2,2}
	x
	x
	
	
	
	 

	
	{2,2,4} 
{2,4,2}
{4,2,2}
	x
	x
	 
 
 
	
	
	 
 
 

	
	{4,4,4}
	x
	x
	 x
	x
	x
	x

	4
	{2,2,2,2}
	x
	
	
	
	
	N/A

	
	{2,2,2,4} 
	x
	
	
	
	
	N/A

	
	{2,2,4,4} 
	 
	
	 
	x
	x
	N/A

	
	{4,4,4,4}
	 
	x
	 
	 x
	x
	N/A






In the above agreed ParamCombo table, each “x” represents a PC. UE cannot be configured with more than 1 PC for any Type-II codebooks in Rel-16/-17. Therefore, it is natural not to have more than 1 PC for Type-II-CJT.
Proposal 9: For Type-II-CJT, UE does not expect to be configured with more than 1 value of .
In the last meeting [4], a simple conclusion was made regarding NL:
	Conclusion 
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the supported values of NL, there is no consensus in adding new value(s) (e.g. NL=3) to, or removing any value from the agreed NL ={1,2,4}




However, given that the agreed NL=4 cannot actually be supported according to the PCs satisfying a same Ltot, the de-facto supported values are only NL ={1,2}.
It is noted that the high-lighted PC (for NTRP=3) corresponds to NL=3, which cannot be supported according to previous agreed NL ={1,2,4}.
Proposal 10: For Type-II-CJT, change supported value of NL to {1,2,3}.

Timeline / CPU / active ports
RAN1#112bis-e agreements [4]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· Note: The fall-back of gNB configuring NL=1 is supported




Compared with Rel-16 sTRP eType-II, the increased complexity mainly comes from:
· Larger number of ports – proportional to NTRP
· Larger Ltot (much larger than sTRP’s basic L=4, or optional L=6)
Therefore, extended timeline is a natural desire from UE side.
To simplify the extension, we propose to extend  based on existing .
Proposal 11: For Type-II-CJT, timeline Z/Z’ is  and  respectively based on existing Z2/Z2’, where  is based on UE capability.
· An exemplary  can be ={1,2,3,4} respectively for ={1,2,3,4}.
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Then for computational resource counting, we propose
Proposal 12: For Type-II-CJT, the value of OCPU, as well as number of active CSI-RS resources/ports, is defined as , wherein  is based on UE capability.


CMR requirement
RAN1#110bis-e agreements [2] (under 9.1.1.1 agenda):
	Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1




For transmission assumption of CJT-PDSCH, 1 or 2 TCI states are supported (and is according to UE capability). Since CSI report are purposed for PDSCH, it is natural to also require the CSI-RS resources having 1 or 2 TCI states. Otherwise UE is reporting CSI no beneficial to PDSCH – which is exactly what CSI is for.
Proposal 13: For Type-II-CJT, total TCI states of CMRs (CSI-RS resources) is 1 or 2, and up to UE capability.

[bookmark: _Ref127536094][bookmark: _Ref131789738]PDSCH-to-CSIRS EPRE offset
RAN1#112bis-e agreements [4]:
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation




One tricky aspect of this issue is, whether the “PDSCH power” is defined as a summated power across all TRPs, or, defined as per-TRP-contributed power – which is more natural from implementation perspective, since in a general understanding, CSI-RS power boosting is operated in a per-TRP manner.
It is noted that in existing standard, either sTRP or NCJT is defined as per-TRP-contributed PDSCH power, for this PDSCH-to-CSIRS EPRE offset:
	
	TRP#1
	TRP#2

	sTRP
	
	N/A

	NCJT (2-TRP)
	
	



However, based on agreed codebook, per-TRP relative power cannot be guaranteed due to uncontrollable SVD, i.e.  coefficients’ power for each TRP cannot be assumed with a pre-fixed relative relationship. Therefore, if defining the PDSCH power as per-TRP-contributed (e.g. by following NCJT manner), it is adding restriction to ., which would break the orthogonality of the calculated precoder.
Proposal 14: For Type-II-CJT, for PDSCH-to-CSIRS EPRE offset definition, the PDSCH power is defined as summated power across all TRPs. 
Based on the assumption of summated PDSCH power, Alt2 and Alt3/4 only have minor difference: 
· For Alt2, UE-assumed CQI calculation is based on  for precoded PDSCH (i.e. beamformed channel);
· For Alt3/4, UE-assumed CQI calculation is based on  for precoded PDSCH, 
where  denotes the configured PDSCH-to-CSIRS EPRE offset. 
Alt2 may “under” estimates the power of PDSCH-CJT by treating it as sTRP, while Alt3/4 may “over” estimates the power of PDSCH-CJT analogous to N-TRP – but neither Alt2 nor Alt3/4 can guarantee CQI without “under-estimation”  or “over-estimation,” since a TRP’s maximum transmission power is transparent to UE.
Proposal 15: For Type-II-CJT, for PDSCH-to-CSIRS EPRE offset definition, support either Alt1 or Alt2/3, based on that the PDSCH power is defined as summated power across all TRPs.


TDCP reporting measured via TRS
Measurement resource config and report config
RAN1#112bis-e agreements [4]:
	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

Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)




For the agreed delay values, except for {4 symbols, 1 slot}, all remaining are not possible within one legacy TRS.
Therefore, multiple sets of CSI-RS resources are motivated to support delay>=2 slots, wherein set#1, typically, is expected to be legacy periodic TRS.
During the discussion in the last meeting [4], it was mentioned that TDCP may not need very frequent updates as TRS periodicity. For example, with a 20msec TRS (i.e. set#1), other TDCP-dedicated set(s) can have longer periodicity like 80msec.
Implementation perspective, the above motivation is understandable. However, from CSI report config perspective, a mixture of 20msec and 80msec CSI-RS resource sets is not clean, especially regarding 75% percent of CSI-RS occasions in the 20msec set is non-relevant to TDCP, as shown in Figure 6. 

[image: ]
[bookmark: _Ref134859521]Figure 6. TDCP CSI-RS set#1 with resource sharing as “part” of a P-TRS

Therefore, we propose to decouple TDCP from TRS more – this is also due to our understanding that, current TDCP actually has little relevance to TRS – probably only related to resource sharing.
Proposal 16: For TDCP, only configure the delay-relevant CSI-RS occasions of a legacy P-TRS in TDCP report config.
· For example, for the case with all P-CSI-RS resource sets, a common periodicity for all KTRS sets is configured
· Regarding whether set#1 is “part” of a P-TRS, down-select from the following two options:
· Option 1: Transparent to standard
· Option 2: UE expects set#1 to be part of P-TRS
Besides, for cross-set delay (>= 2 slots), the other KTRS-1 sets may not need as large as 4 CSI-RS resources. In our view, one CSI-RS resource per set would work, and larger than 1 resource can be wasteful. If SNR can be a concern regarding single CSI-RS resource, it would be preferable for the number of CSI-RS resources within the KTRS-1 sets to be configurable as {1,2}, or, network implementation can use power boosting.
Proposal 17: For TDCP configured with KTRS >1 resource sets, at least KTRS-1 resource sets other than set#1 can be configured with 1 or 2 CSI-RS resources.
· For set#1, it can also be configured with 1 or 2 CSI-RS resources, if none of {4 symbols, 1 slot} delay is configured
· Set#1 can be configured with 4 CSI-RS resources if at least one of {4 symbols, 1 slot} delay is configured

[image: ]
Figure 7. TDCP set#1 configured as only 1 CSI-RS resource of P-TRS (and with longer periodicity)

The next question is periodic v.s. aperiodic resources (or resource sets). To support a certain delay (lag), it is natural to use parameter periodicityAndOffset of two P-CSI-RS resources, or to use parameter aperiodicTriggeringOffset of two AP-CSI-RS resource sets.
In existing CSI or BM report framework, there is no mechanism with a mix of P and AP measurement resources. Therefore, we don’t think it necessary to invent such a new RRC structure/mechanism just for TDCP (a relatively smaller feature we tend to introduce in Rel-18 CSI).
Besides, a mixed use of P and AP basically requires DCI+aperiodicTriggeringOffset to satisfy occasion(s) of potentially triggered AP-CSI-RS pre-determined by P-CSI-RS occasion and the configured delay(s) – thus it gives restriction to DCI slot on which to trigger AP-CSI-RS.
Proposal 18: For TDCP report, no support P+AP RS resources.
Besides, explicit delay (lag) value config is more preferrable, rather than to implicitly infer from parameters of periodicityAndOffset or aperiodicTriggeringOffset. For example, for a pair of P-resources, implicit derivation may have some unnecessary ambiguity regarding whether it is offset1-offset2, or periodicity-(offset1-offset2). Explicit config would be much more straight-forward and cleaner.
Proposal 19: For TDCP report, support explicit config of delay (lag) value(s).

Quantization of autocorrelation
Pre-RAN1#113 offline proposal [5] for amplitude quantization:
	Offline proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3 
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1




For the remaining Alt1 and Alt3, quantization values are illustrated in Figure 8. Generally it can be observed that due to the one additional bit, Alt1 has denser values than Alt3, either near 1 or across the full amplitude range 0 to 1.

[image: ]
[bookmark: _Ref134917770]Figure 8. TDCP quantization Alts

In Figure 9, autocorrelations of Jakes model are used for a quantization error comparison, based on the agreed delay: 4 symbols, {1,2,3,4,5,6,10} slots, and UE velocities from 1 to 60 km/h. Quantization error results of Alt1 v.s. Alt3 are listed in Table 1, where we can see for all delays (thus cover either the case of near-1 autocorrelation, or 0 to 1 full amplitude range), there is only small percentage of Alt1 error > Alt3.
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[bookmark: _Ref134942051]Figure 9. Autocorrelation of Jakes model for delay = 4 symbols, {1,2,3,4,5,6,10} slots

[bookmark: _Ref134943192]Table 1. Quantization error Alt1 v.s. Alt3
	
	4 symbols
	1 slot
	2 slots
	3 slots
	4 slots
	5 slots
	6 slots
	10 slots

	Percentage: Alt1 error > Alt3 error
	5%
	15%
	11.67%
	18.33%
	13.33%
	18.33%
	23.33%
	16.67%



Proposal 20: For TDCP report, support amplitude quantization  for index q=0,1,…, , where Q=5, s=1/3 (i.e. Alt1).
Then for phase quantization, there is a pre-RAN1#113 offline proposal [5]:
	Offline proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
FFS: Whether further overhead reduction is needed for Y>1




In our view, phase report of autocorrelation is meaningless, with the following practical issues taken into consideration:
· UE receiving phase continuity, which can be easily interrupted by AGC, micro-sleep etc., and in a general case, there is no requirement of receiving phase continuity over slots;
· Even if UE guarantee receiving phase continuity, the usage of phase is questionable. It is lumped with Doppler (UE velocity), gNB XO drift, and UE XO drift – its is noted that the UE XO drift itself can be time-varying fast, due to temperature variation with chipset heat, or due to UE loop tracking (not only via TRS, but also other DL signals/channels e.g. SSB, PDSCH DMRS, which is totally up to UE implementation).
If UE does not fail with DL tracking, phase measurement is always around 0 – but still, this does not make Alt5 meaningful. (Although Alt5 does have denser phase values around 0, while sparser near ).
Observation 1: For TDCP, phase report of autocorrelation is meaningless, based on: (1) UE XO drift is changing all over the time; (2) Difficult for UE to ensure receiving phase continuity over slot-level delay.

Invalid report with unavailable measurement
In Section 5.2.2.5 of 38.214, there is a timeline-based CSI report drop rule, if no measurement can be taken:
[image: Text
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where the “CSI reference resource” may not be relevant to TDCP (like RSRP report), but takes into account timeline (as a timeline “anchor”) e.g. Z’ symbols for aperiodic report.
Different than legacy, each delay (lag) of TDCP is associated with a pair of resources, therefore, we propose the above two CSI drop rules to be modified as 
Proposal 21: For TDCP report, after report (re)configuration, serving cell activation, or BWP change, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value otherwise.
Proposal 22: For TDCP report, when DRX is configured, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) in DRX active time no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value otherwise.
It can be noted in the above proposal 21 and 22, we also want to modify report “drop” as invalid report – this is to prevent error propagation in UCI packing, in case of DCI mis-detection, since TDCP is triggered by DCI.
Proposal 23: For TDCP report, support a “invalid” or zero-autocorrelation entry for its quantization value.

CPU / active ports / timeline
If we have non-relevant part of TRS removed from TDCP report config, as in proposal 16 and 17, it is straight-forward to apply CPU (or active resources/ports) counting rules – actually, this is also another motivation to have a cleaner design with only TDCP-relevant part of CSI-RS resources configured with this TDCP report.
Proposal 24: For TDCP report, by configuring the delay-relevant CSI-RS resources to TDCP report, the value of OCPU, as well as number of active CSI-RS resources/ports, can be defined as the number of CSI-RS resources across all resource set(s) configured with this TDCP report
One critical concern from UE implementation is, the additional buffer required for TDCP (autocorrelation). Buffer is needed during the delay, and the maximum budget is determined by “simultaneous” buffer across all CCs. An example is shown in Figure 10, where CC1 and CC2 have simultaneous buffer requirement, while CC3 is time-staggered and thus can use shared buffer with CC1/CC2 in a TDM manner.

[image: ]
[bookmark: _Ref134959573]Figure 10. Simultaneous or time-staggered delay across CCs

To simplify UE capability to limit total buffer requirement, we propose to have a separate UE feature (rather than a complicated way to re-design CPU or active resources/ports counting), to report maximum number of supported simultaneous CSI-RS across all CCs.
Proposal 25: For TDCP report, UE reports a capability comprising: (1) Supported max # of CSI-RS resources per CC; (2) Supported max # of simultaneous CSI-RS resources across all CCs, wherein
· The duration to determine whether “simultaneous” is based on the delay(s) configured with this TDCP report.
Lastly, as for timeline, we propose to reuse existing Z2/Z2’:
Proposal 26: For TDCP report, timeline follows existing Z2/Z2’.
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Conclusion
In this contribution, we discuss issues related to CSI enhancement for three features: Type-II-CJT mTRP, Type-II-Doppler, and TDCP reporting measured via TRS. Based on the observations:
Observation 1: For TDCP, phase report of autocorrelation is meaningless, based on: (1) UE XO drift is changing all over the time; (2) Difficult for UE to ensure receiving phase continuity over slot-level delay.

We propose:
Proposal 1: For Type-II-Doppler, define the first slot of WCSI as CSI reference resource.
Proposal 2: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” wherein the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
Proposal 3: For Type-II-Doppler with AP-CSI-RS, timeline  is  based on existing , where  is based on UE capability and increases with .
· An exemplary  can be ={2,2,4,4} respectively for ={1,2,4,8}.
For AP-CSI-RS, timeline Z is defined as , wherein K is the number of CSI-RS resources within the AP-CSI-RS burst, and m is the time-interval (in slots), b/w two adjacent CSI-RS occasions;
For P-CSI-RS (no  although), timeline Z is defined as , wherein  is CSI-RS periodicity (in slots).
Proposal 4: For Type-II-Doppler, the value of OCPU, as well as number of active CSI-RS resources/ports, is defined for AP-CSI-RS and P/SP-CSI-RS respectively as
· For AP-CSI-RS: , 
· For P-CSI-RS: , 
wherein  is based on UE capability, K is the number of CSI-RS resources within the AP-CSI-RS burst.
Proposal 5: For Type-II-Doppler, support 2-stage PDCCH triggering mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI: A 1st PDCCH to trigger CSI measurement/computation (and AP CSI-RS, if applicable), and, a 2nd PDCCH to trigger report.
Proposal 6: For Type-II-Doppler, for 2-stage PDCCH triggering, the first PDCCH1 indicates a “virtual report” slot n for the determination of WCSI’s time location, wherein the “n” is defined as
· For AP-CSI-RS burst,  slots after the K-th CSI-RS occasion (last occasion)
· For P-CSI-RS burst,  slots after the first PDCCH1
Proposal 7: For Type-II-Doppler, restrict for P/SP CSI-RS receiving for AP-report: A minimum 4 CSI-RS occasions should be satisfied between the triggering PDCCH and Z’ symbols prior to the report PUSCH.
Proposal 8: For Type-II-Doppler, a same PDSCH-to-CSIRS EPRE offset is configured for all K CSI-RS resources within an AP-burst (i.e. Alt1). 
Proposal 9: For Type-II-CJT, UE does not expect to be configured with more than 1 value of .
Proposal 10: For Type-II-CJT, change supported value of NL to {1,2,3}.
Proposal 11: For Type-II-CJT, timeline Z/Z’ is  and  respectively based on existing Z2/Z2’, where  is based on UE capability.
· An exemplary  can be ={1,2,3,4} respectively for ={1,2,3,4}.
Proposal 12: For Type-II-CJT, the value of OCPU, as well as number of active CSI-RS resources/ports, is defined as , wherein  is based on UE capability.
Proposal 13: For Type-II-CJT, total TCI states of CMRs (CSI-RS resources) is 1 or 2, and up to UE capability.
Proposal 14: For Type-II-CJT, for PDSCH-to-CSIRS EPRE offset definition, the PDSCH power is defined as summated power across all TRPs. 
Proposal 15: For Type-II-CJT, for PDSCH-to-CSIRS EPRE offset definition, support either Alt1 or Alt2/3, based on that the PDSCH power is defined as summated power across all TRPs.
Proposal 16: For TDCP, only configure the delay-relevant CSI-RS occasions of a legacy P-TRS in TDCP report config.
· For example, for the case with all P-CSI-RS resource sets, a common periodicity for all KTRS sets is configured
· Regarding whether set#1 is “part” of a P-TRS, down-select from the following two options:
· Option 1: Transparent to standard
· Option 2: UE expects set#1 to be part of P-TRS
Proposal 17: For TDCP configured with KTRS >1 resource sets, at least KTRS-1 resource sets other than set#1 can be configured with 1 or 2 CSI-RS resources.
· For set#1, it can also be configured with 1 or 2 CSI-RS resources, if none of {4 symbols, 1 slot} delay is configured
· Set#1 can be configured with 4 CSI-RS resources if at least one of {4 symbols, 1 slot} delay is configured
Proposal 18: For TDCP report, no support P+AP RS resources.
Proposal 19: For TDCP report, support explicit config of delay (lag) value(s).
Proposal 20: For TDCP report, support amplitude quantization  for index q=0,1,…, , where Q=5, s=1/3 (i.e. Alt1).
Proposal 21: For TDCP report, after report (re)configuration, serving cell activation, or BWP change, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value otherwise.
Proposal 22: For TDCP report, when DRX is configured, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) in DRX active time no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value otherwise.
Proposal 23: For TDCP report, support a “invalid” or zero-autocorrelation entry for its quantization value.
Proposal 24: For TDCP report, by configuring the delay-relevant CSI-RS resources to TDCP report, the value of OCPU, as well as number of active CSI-RS resources/ports, can be defined as the number of CSI-RS resources across all resource set(s) configured with this TDCP report
Proposal 25: For TDCP report, UE reports a capability comprising: (1) Supported max # of CSI-RS resources per CC; (2) Supported max # of simultaneous CSI-RS resources across all CCs, wherein
· The duration to determine whether “simultaneous” is based on the delay(s) configured with this TDCP report.
Proposal 26: For TDCP report, timeline follows existing Z2/Z2’.
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Table 5.4-2: CSI computation delay

o Z1 [symbols] 22 [symbols]
Z Z Z> Z
0 22 16 40 37
1 33 30 72 69
2 44 42 141 140
3 97 85 152 140
5 388 340 608 560
6 776 680 1216 1120
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After the CSI report (re)configuration. serving cell activation. BWP change. or activation of SP-CSL. 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 CST reference resource and drops the report otherwise.
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