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[bookmark: _Ref111062800]Introduction
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: _Ref102086766]Type-II-Doppler codebook refinement 
Codebook structure
RAN1#110 agreements [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE



For codebook structure, firstly, regarding common or per-SD/FD selected TD basis, it can be observed in Figure 1 that the Doppler spectrum of different beams (SD bases) varies considerably, for either measured channel or calculated precoder. However, the Doppler spectrum in Figure 1 is obtained with a very long observation duration (500 slots). The question is, whether the per-beam Doppler spectrum is able to be pre-known (and thus exploited for channel extrapolation) – which is a strong assumption and may not be realistic.
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[bookmark: _Ref110457815]Figure 1. Per-beam Doppler spectrum of Channel H and precoder W respectively. Parameter: CDL-C, 100ns delay spread, 30kHz SCS @3.6GHz, UE velocity 30km/h (100Hz max Doppler)

In our evaluation, MMSE-based channel extrapolation simply assumes Jakes model as a common Doppler spectrum for all beams, and similar performances are observed in Figure 2 (beam-specific TD basis selection has about 1% higher TPUT in some cases).
[bookmark: _Hlk111148489]Some quick notes for evaluation assumption (more assumptions can be found in Section 2.8):
· CSI overhead: 1009 bits v.s. 931 bits, mainly due to per-beam TD basis selection; Assuming same total # NZC);
· Gain is relative to Rel-16 baseline (overall with half CSI overhead of Rel-16);
· Same CSI-RS burst pattern for both cases (a burst of 8 CSI-RSs with 1-slot interval)
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[bookmark: _Ref111147815]Figure 2. Beam-specific v.s. beam-common TD basis selection

Observation 1: Beam-specific TD basis selection has about 1% TPUT gain over beam-common, at a cost of 7.7% increased overhead.
Proposal 1: For Type-II-Doppler, support SD/FD-common TD basis selection (Alt2A CB structure).

As for a special CB structure with multiple  and a single  and  (Alt3), firstly, it is no beneficial for the case of larger N4 (larger CSI window), since the main overhead is with  quantization, not with   or . 
[bookmark: OLE_LINK4]Then the next question is, whether Alt3 CB structure is beneficial for smaller N4. Actually, since TD basis has been agreed to also use DFT, this is similar to the case of SD or FD, where N1/N2/N3 can also have smaller value like 2 or 1. For smaller N1/N2/N3/N4 value, the small number of bases in the full basis set can represent the precoder equivalently, and no “hybrid” mechanism for SD/FD (depending on N1/N2/N3 value) is introduced in any one single existing codebook type. Take FD as an example for a conceptual comparison, it is similar as using Rel-15 Type-II for smaller N3 value and using Rel-16 eType-II for larger N3 value.
Proposal 2: For Type-II-Doppler, no need to support Alt3 CB structure: Multiple  and a single  and .

TD basis
RAN1#110 agreements [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE




The following mathematical proof shows that rotation has no impact to the precoder.
Proof
Denote TD oversampling factor as , and rotation group index ;
For two orthogonal TD basis sets of different rotation groups  and :  and , denote , we have
, where
·  is a diagonal phase matrix, size ;
· , size  (similarly for )
For codebook , the two rotation groups  and  will have 

The right multiplication by the diagonal phase matrix  means a common coefficient multiplied to the columns (column ) of , which means a common coefficient multiplied to precoder at a certain time instance  – meaningless to precoder.
Observation 2: For SD/FD-common TD basis selection, rotated TD basis is equivalent to add a common phase to the precoder at a certain time instance – no impact on relativity between ports.
Proposal 3: For Type-II-Doppler, use orthogonal DFT basis without rotation.

CSI window
RAN1#110 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, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B: l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary




In our new evaluation for this meeting, same window size N4 is used regardless of Alt1.B or 2.B with different starting slot , with the following 3 cases: (1) l = nref; (2) l = n; (3) l = n+5, as depicted in Figure 3. Case (1) belongs to Alt1.B, while case (2) and (3) belongs to Alt2.B.
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[bookmark: _Ref115354007]Figure 3. 3 cases of CSI window

Some quick notes for evaluation assumption/parameter (more assumptions can be found in Section 2.8):
· Gain is relative to Rel-16 baseline (overall with half CSI overhead of Rel-16);
· Same CSI-RS burst pattern for both cases (a burst of 4 CSI-RS occasions with 2-slot interval);
· WCSI=30 slots and N4=15 slots (2-slot time compression unit) for all cases;
· For all cases, use legacy reference resource for CQI report – no CQI prediction.
· Between each feedback, outer-loop link adaptation with A/N
Throughput over Rel-16 baseline is shown in Table 1. Similar gain is observed for different window start location (slot ) but same window size N4.

[bookmark: _Ref115375578]Table 1. Average throughput gain of different CSI window, over Rel-16 baseline
	
	Alt1.B
	Alt2.B

	
	Case (1)
	Case (2)
	Case (3)

	2-Rx
	10km/h
	11.8%
	11.8%
	11.2%

	
	30km/h
	6.3%
	6.7%
	6.7%

	4-Rx
	10km/h
	9.9%
	9.9%
	9.4%

	
	30km/h
	2.9%
	3.4%
	3.4%



Observation 3: For different CSI window location (starting slot l), similar performance is obtained based on a same CSI window length N4.
It is noted that in our evaluation, CQI is not predicted. At the scheduler side, the reported CQI only takes effect at a first scheduled PDSCH during a certain periodicity – which in the evaluation, is set same as the CSI window size. For other scheduled PDSCHs within that periodicity, only use outer-loop LA to determine MCS.
There are two reasons for no CQI prediction: (1) Our extrapolation is based on MMSE with Jakes spectrum, and time-correlation decays with extrapolation length (lag), thus the amplitude of predicted  also decreases, which makes CQI prediction unreliable; (2) It is difficult to prediction interference, especially by UE.
For the case that WCSI does not include legacy reference resource, new reference resource needs to be defined for RAN4 test of both PMI and CQI report – which firstly, we are open to study (e.g. more suitable H-extrapolation algorithm for CQI prediction). However, despite whether performance can be ensured, there are potentially more standard efforts needed. Therefore, Alt1.B is still slightly more preferred.
Proposal 4: For Type-II-Doppler, support Alt1.B CSI window for reusing legacy CQI with less standard efforts.

CSI-RS resource
RAN1#109-e agreements [3]:
	Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed 




[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.
Since AP-CSI-RS has been causal since Rel-15, a simple way to avoid the above buffer and phase-continuity issues is to simply only support AP-CSI-RS burst.
Proposal 5: For Type-II-Doppler, support only aperiodic CSI-RS burst, no periodic or semi-persistent.

Time compression unit
RAN1#110 agreements [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI




For the FFS issue on the definition of TD compression unit, we don’t see a motivation to use it differently than the periodicity of CSI-RS (or time-interval between two consecutive CSI-RS occasions, in another essentially the same terminology, for aperiodic CSI-RS burst, if supported).
Since this is for high mobility UE with fast-varying channel, where channel variance over time should be captured as much as possible, there is no reason to use multiple CSI-RS occasions as a same TD compression unit. 
Proposal 6: For Type-II-Doppler, TD compression unit for Type-II-Doppler CSI can simply reuse the time interval between two consecutive CSI-RS occasions.

Precoder-based extrapolation or gNB-side prediction
RAN1#110 only agreed CSI window alternatives for UE-side prediction, while it is still an open issue for gNB-side prediction. Unlike UE side, gNB can only use precoder-based extrapolation, no way to use channel-based.
Regarding extrapolation based on a burst of CSI-RS occasions, one benefit of precoder W-based over channel H-based is, it does not require receiving phase continuity over time, and a simple proof is provided below.
Denote the random phase of Rx at a certain time t as  (size ), channel H with this random phase is then .
W-based extrapolation can naturally cancel the random phase over time: , where .
Observation 4: Precoder-based extrapolation has the benefit that receiving phase-continuity is not needed over a burst of CSI-RS occasions.
However, the Doppler spectrum of precoder is difficult to assume. For an example of TDL-C in Figure 4, while for the channel the U-shape spectrum (Jakes spectrum) can still be observed for each beam, the shape for precoder does not match to a simple pattern. If still based on Jakes spectrum for MMSE-based extrapolation, some link evaluations we tried do not work well. 
Therefore, we don’t propose in this meeting for CSI window specifically for gNB-side prediction, due to lack of performance support for W-based extrapolation.
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[bookmark: _Ref115361230]Figure 4. Doppler spectrum of Channel H and precoder W respectively. Parameter: TDL-C, 100ns delay spread, 100Hz max Doppler

As for UE-side prediction, in theory it can also be based on W-extrapolation and thus no need for a requirement of receiving phase continuity over a burst of CSI-RS occasions, but until now this is against the most general assumption of current study in RAN1.
On the other hand, if UE-side prediction has to be assumed based on H-extrapolation, receiving phase continuity over time would be needed.
Proposal 7: Within Rel-18 study, RAN1 should have a conclusion whether receiving phase continuity needs to be ensured over a burst of CSI-RS occasions for Type-II-Doppler CSI, depending on whether channel-based extrapolation is the only assumption.

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, 4 CSI-RS occasions and 4-slot periodicity would take at least 13 slots; in plus with CSI timeline 5 slots (take Z2’=69 symbols for 30kHz SCS) – 18 slots in total as shown in Figure 5.
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[bookmark: _Ref111068272]Figure 5. 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 6. In-order HARQ rule

Proposal 8: For Type-II-Doppler, study mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI.

[bookmark: _Ref110863057][bookmark: _Ref115369306]Evaluation assumption
Based on EVM assumptions [4], customized with: 
	Scenario
	· UE speed: {10, 30, 60} kmph
· Mobility model: No spatial consistency assumed

	Carrier frequency
	2GHz

	ISD
	500m

	gNB antenna setup
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna setup
	4Rx: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ



Other assumptions:
· H-based extrapolation (UE-prediction)
· CQI
· Rel-15 CSI reference resource (latest CSI-RS occasion)
· Between each feedback, outer-loop link adaptation with A/N (both Rel-18 and baseline Rel-16)
· Overhead (calculated with rank-2)
[image: ]
· Some misc. components are neglected e.g. #NZC, SCI
· Generally, Rel-18 uses nearly doubled overhead per-feedback and 1/4 feedback frequency: Half-overhead


Type-II-CJT codebook refinement 
[bookmark: _Ref110959694]Scenario
[bookmark: OLE_LINK1]For RAN1 discussion until now, it is consensus that there can be two deployment scenarios: 
· Co-located TRPs
· Distributed.TRPs
Out of respect for the objective assumption “ideal synchronization,” phase alignment error is not considered in the evaluation all throughout this contribution. However, synchronization error due to oscillator (XO) drift can be a key limitation for a practical commercial use of this feature. Therefore, the co-located scenario without this sync error issue (with shared XO) is more likely to be an earlier stage deployment than distributed scenario 2 (where each TRP has its individual XO).

[bookmark: _Ref115388722]SD basis selection
FL proposal with pre-RAN1#110bis-e round0 discussion:
	Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select from the following alternatives (RAN1#110bis-e):
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. Common L parameter for all N CSI-RS resources




Under co-site 3-TRP (i.e. outdoor2 OptA in the agreed EVM [4]) deployment, each with 8 ports (more evaluation assumption in Section 3.8), the following 3 cases are evaluated: 
	
	Baseline: Config Ln
	Config Ltot and UE determines Ln

	Case 1
	L1=L2=L3=1
	Ltot=3

	Case 2
	L1=2 (serving cell); L2=L3=1 
	Ltot=4

	Case 3
	L1=L2=L3=2
	Ltot=6



For all cases, baseline is that each TRP’s Ln is pre-determined by gNB config, while the tested method is UE-reported Ln under based on gNB-configured total . 
Throughput gain of UE-determined Ln over configured Ln are show in Table 2. It is noted that this is the relative gain over baseline for each of the 3 cases respectively.

[bookmark: _Ref115387952]Table 2. TPUT gain of UE-determined Ln for SD basis selection, over baseline: Configured Ln
	
	Average
	Edge 5%

	Case 1
	24%
	77%

	Case 2
	9.9%
	39%

	Case 3
	5.5%
	27%



Proposal 9: For Type-II-CJT, support UE-determined Ln based on a configured total 
· FFS the report mechanism of SD basis selection e.g. 
· Option 1: Joint SD selection across all TRPs by  bits
· Option 2: Report Ln and respective SD selection for each TRP by  bits respectively
· For either option 1 or 2, consideration on CSI part 1 and part 2

[bookmark: _Ref110412157]TRP selection
RAN1#110 agreements [2]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs per hypothesis are gNB-configured via higher-layer (RRC) signalling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
· FFS: Whether the same N value or possibly different N values
· Alt4. The UE reports CSI corresponding to K transmission hypotheses where N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
· N is the number of cooperating TRPs per hypothesis, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: Whether the same N value or possibly different N values
FFS: Whether S-TRP transmission hypothesis is also reported 




For the 3 cases evaluated in the last Section 3.2, resulted percentages for number of TRPs selected are listed in Table 3.

[bookmark: _Ref115439296][bookmark: _Ref115389018]Table 3. Percentage of number of TRPs selected 
	
	Single-TRP
	2-TRP
	All 3 TRPs

	Case 1
	60.4%
	29.2%
	10.4%

	Case 2
	55.2%
	30.4%
	14.4%

	Case 3
	0
	29.0%
	71.0%



Some explanations to case 3 (Ltot=6). Since 8-port TRP is used in our evaluation, at most  SD bases can be selected for any certain TRP. Therefore, it results in no possible to select sTRP. As for other two cases with smaller Ltot=3 or 4, there are cases with both sTRP or 2-TRP selection.
It is noted that for smaller value of  (e.g. 3 or 4 with 3-TRP), allowing UE to determine  basically means allowing  reported, thus naturally allow TRP selection.
Proposal 10: For Type-II-CJT, at least for small value of  (e.g. 3 or 4) configured, allow TRP selection (Alt2) i.e. by allowing  
· FFS for the case of larger value of 

FD basis selection and NZC selection
RAN1#110 agreements [2]:
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s




For the number of FD basis selection (M) and maximum total number of NZCs (K0), we don’t see a need to change Rel-16 mechanism, i.e.  and , where the related parameters  can still generally reuse the mechanism of paramCombination-r16, but probably with new value combinations.
Since the 2 CB modes mainly differentiate in FD, there can be some specific tailor work to do for each. In general, following the spirit of “striving for the two modes to share commonality in detailed designs,” we propose
Proposal 11: For Type-II-CJT, for both mode 1 and mode 2 CB,  is a TRP-common value.
Implementation perspective, a general consideration for the comparison between the two CB modes is, probably larger M needs to be configured for mode 2 (FD-joint) CB than mode 1 (FD-independent) CB, while similar total NZCs can be adjusted by different  values optimized by Rel-18 paramCombo. An example is depicted in Figure 7 for intuitive illustration – Here we do not intend to do performance comparison between the two CB modes (as a went-on similar discussion of last meeting), but just want to point out that common design is possible for the parameter determination mechanisms.
Then following the same spirit of common design for both mode 1 and mode 2 CB, we propose
Proposal 12: For Type-II-CJT, for both mode 1 and mode 2 CB,  is an NZC total across all TRPs.
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[bookmark: _Ref115441751]Figure 7. Intuitive illustration for TRP bitmaps of mode 1 and mode 2 CB

Since we are already talking about NZC in the above proposal, it is natural to jump to NZC bitmap.
Proposal 13: For Type-II-CJT, for both mode 1 and mode 2 CB, separately report the respective sized- bitmaps for each TRP n=1,…,N.
After “striving” probably as much as we can to get the above proposals, mode 1 and 2 CB still have their essential difference: FD basis selection. However, a good thing seems to be, it may not have too much difference than Rel-16 regular eType-II mechanism for sTRP, and can be resolved just with some different but simple extensions.
Proposal 14: For Type-II-CJT, for , largely reuse sTRP mechanism for FD basis selection: 
· For mode 1 (FD-independent) CB, one TRP’s FD selection by  bits (SCI-associated TRP), while N-1 remaining TRPs’ selections by  bits independently;
· For mode 2 (FD-joint) CB, a TRP-common selection by  bits.
Proposal 15: For Type-II-CJT, for , largely reuse sTRP mechanism for FD basis selection: 
· For the 1st stage selection:
· For mode 1 (FD-independent) CB, one TRP’s FD window by  bits (SCI-associated TRP), while N-1 remaining TRPs’ windows by  bits independently (the N-1 remaining TRPs’ sized- windows may not comprise SCI-related FD basis);
· For mode 2 (FD-joint) CB, a TRP-common selection by  bits.
· For the 2nd stage selection:
· For mode 1 (FD-independent) CB, one TRP’s 2nd-stage selection by  bits (SCI-associated TRP), while N-1 remaining TRPs’ 2nd-stage selections by  bits independently;
· For mode 2 (FD-joint) CB, a TRP-common 2nd-stage selection by  bits.

For the FD window basis window in Proposal 15 above,  bits means that for the SCI-related TRP, the corresponding FD window would definitely comprise the FD basis with SCI (e.g. FD basis #0, by following Rel-16); while for other remaining TRPs,  bits means that their corresponding FD windows can be located anywhere. Actually, these  bits also represent the relative delay offsets of the other N-1 TRPs and the reference TRP.

Reported information sharing for TRP-group
RAN1#110 agreements [2]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)




To simplify the description of the 4 Alts, a table is provided:
	
	Alt1
	Alt2
	Alt3
	Alt4

	# Phase refs
	1
	N
	1
	1

	# Amp refs
	2
	2N
	2N
	4



It is noted that N can mean number of TRP groups. For example, with NTRP=4 of TRPs {A,B,C,D}, it can be grouped into N=3 e.g. {{A,B},C,D} where {A,B} may be co-located with similar large-scale fading properties, and thus share a same reference amplitude for  quantization. Therefore, in our understanding, Alt3 is the most flexible way to group any TRP combinations by gNB, probably depending on deployment (co-located and distributed).
Still, in our understanding, Alt4 can be seen as a special case of Alt3 e.g. for 4-TRP case by special grouping as {A,{B,C,D}}, or for 3-TRP case by special grouping as {A,{B,C}}.
Proposal 16: For Type-II-CJT, for  quantization, support 1 phase refs and 2N amplitude refs (Alt3), where N can be the number of TRPs or TRP-groups.
Besides, TRP-group can also exploit the deployment knowledge with mode 1 or mode 2 CB. For example, some co-located or nearby TRPs may have similar delay to a certain UE than other TRPs faraway. An example is illustrated in Figure 8.
Proposal 17: For Type-II-CJT, study potential benefits of TRP-group with: 
· Shared FD basis selection (i.e. mode 2 CB within a TRP-group);
· And/or, shared amplitude ref in  (same as described in proposal 16 with TRP-group)

[image: ]
[bookmark: _Ref115442591]Figure 8. TRP-group example with TRPs {B,C}

Larger delay-spread issue tackling
The larger delay-spread of distributed TRPs can cause more severe frequency-selectivity, even within a precoder subband. To tackle this issue, a natural thought is to have finer PMI subband size. However, this increases UE complexity for CSI measurement due to larger N3.
Another method to realize a finer FD granularity of the precoded PDSCH is CDD, i.e. FD phase rotation to compensate the delay difference between TRPs. For example, relative to a reference TRP, FD-compensation by all other remaining TRPs. Note that this method has the potential to achieve a subcarrier-level precoder, which is not likely to be realized by finer PMI subband size – anyhow subband size is limited by CSI-RS frequency density (PRB-level at most). Besides, more importantly, this FD-compensation (CDD) method does not need to increase N3 for a higher UE complexity.
Proposal 18: For Type-II-CJT, study FD-compensated PDSCH relative to a reference TRP (CDD), and study PMI report mechanisms to enable it.

QCL assumption for CJT PDSCH
According to the last RAN1#110 meeting [2], QCL assumption for CJT PDSCH are discussed under 9.1.1.1 mTRP TCI agenda – firstly, we surely don’t intend to change the way how RAN1 is currently progressing. 
However, since (1) CSI feedback is purposed for PDSCH, and more specifically, (2) for standard impact to CSI: CSI reference resource are assumed with PDSCH’s QCL assumption (extracted below for NCJT as an example, from Sec 5.2.2.5, TS 38.214), we believe CJT should also have a similar corresponding description in this part of 38.214. 
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Observation 5: PDSCH’s QCL assumption for CJT CSI (PMI and CQI) should be defined in the CSI reference resource section of 38.214.
Therefore, some analyses regarding PDSCH assumption are provided both in this contribution, as well as in our companion contribution under 9.1.1.1 agenda, to have companies’ attention regarding the issue we want to discuss below for multi-QCL.
Assuming by WID objective for “ideal synchronization,” phase coherence is guaranteed for Coherent-JT. Without this idea assumption, phase coherence is difficult to ensure, and some analysis below is provided for an intuitive illustration for the XO drift error impact: 
According to [5], the XO drift can be =0.05ppm (Table 6.5.1.2-1 in [5]). For a worst case of 2 TRPs with  drift respectively (thus drift difference is doubled), a maximum phase error of 252° even within a short period of only 10 msec: , where a low-band of only 700MHz carrier is assumed. Besides, phase error increases with a higher carrier frequency.
However, for multi-QCL PDSCH with multiple Doppler shifts (included by all QCL-typeA, B, and C) from different TRPs, similar effect can be caused as by non-ideal sync. 
· XO drift: 
· Doppler shift: 
Based on some simple calculation for comparison, 𝑒=0.05ppm is equivalent to 𝑣=54km/h, 𝑒=1ppb is equivalent to 𝑣=1.08km/h.
Also, Doppler shift and XO drift have a similar worst case with two TRPs:  or  – doubled. The worst case of Doppler shift difference () is depicted in Figure 9.
Probably the main difference is that, XO drift difference is only TRP-pair-specific, while Doppler shift difference is additionally UE-specific.
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[bookmark: _Ref115439936]Figure 9. Worst case of Doppler shift difference between two TRPs

Some example phase errors () over a typical CSI periodicity of t=40msec are provided below in Table 4, while the experienced precoded channel power over this duration is illustrated in Figure 10. It can be observed that even with only v=10km/h, UE can experience 40dB deep fading within 40msec (for fc=700MHz, where fD=6.5Hz) or within 15msec (for fc=2GHz, where fD=18.5Hz), after a perfect phase alignment by PMI report at t=0.

[bookmark: _Ref115303248]Table 4. Phase error over t=40msec, for 2-TRP with  Doppler shifts 
	fc                      v
	3km/h
	10km/h
	30km/h

	700MHz
	56°
	187°
	560°

	2GHz
	160°
	533°
	1600°
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[bookmark: _Ref115303366]Figure 10. Precoded channel power over t=40msec, for 2-TRP with  Doppler shifts

Observation 6: The definition of “Coherent”-JT is violated with more than 1 QCLs – not coherent anymore, but only non-coherent SFN.
Proposal 19: For PDSCH assumption of Rel-18 CJT CSI (reflected by CSI reference resource assumption), UE does not expect to deal with more than 1 QCLs.

[bookmark: _Ref115385551]Evaluation assumption
Based on EVM assumptions [4], customized with: 
	Scenario
	Outdoor2 – OptionA
· NTRP=3 intra-site cluster 
· 21-sector

	Carrier frequency
	2GHz

	ISD
	200m

	Channel generation model
	· Per-TRP delay 
· Ideal synchronization

	gNB antenna setup
	8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ

	UE antenna setup
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ




TDCP reporting measured via TRS
RAN1#110-e agreements [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases.




From UE implementation perspective, the most friendly report would still be direct assistance (AltC). 
Other than AltC, time-correlation (AltB) would mean lower complexity at UE side than Doppler spread (AltA), since time-correlation is anyway an intermediate step to calculate Doppler spread.
Besides, in our view, regardless of AltB or AltA, the explicit definition/formula should be defined – otherwise there is no aligned understanding between gNB and UE, and this misalignment can lead to a mismatch and do harm to performance regarding the targeted use cases.
From the perspective of explicit definition/formula, AltB is also more preferred than AltA, since time-correlation has almost no ambiguous understanding for its definition, while Doppler spread depends very on proprietary implementation. – If the standard happens to define a Doppler spread same as what used for UE implementation, UE is happy to reuse the calculation; Otherwise, UE has to do double-work, i.e. Doppler shift/spread calculation for its own non-report-relevant processing, as well as extra efforts on calculating another version of Doppler spread required by Rel-18 TDCP report.
For time-correlation, the following equation can be robust to random phase jump over time (with the absolute operation), as well as robust to AGC between time  and  (with the normalization).
, where
 and  are time-domain index denoting two TRS symbols with lag , and  is frequency-domain index denoting all subcarriers of TRS.
Moreover, the definition above is just a standard way of normalized correlation, with a physical meaning of angle between two directions in a high dimensional space.
Proposal 20: For TRS-based TDCP report, consider time correlation definition: .

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: Beam-specific TD basis selection has about 1% TPUT gain over beam-common, at a cost of 7.7% increased overhead.
Observation 2: For SD/FD-common TD basis selection, rotated TD basis is equivalent to add a common phase to the precoder at a certain time instance – no impact on relativity between ports.
Observation 3: For different CSI window location (starting slot l), similar performance is obtained based on a same CSI window length N4.
Observation 4: Precoder-based extrapolation has the benefit that receiving phase-continuity is not needed over a burst of CSI-RS occasions.
Observation 5: PDSCH’s QCL assumption for CJT CSI (PMI and CQI) should be defined in the CSI reference resource section of 38.214.
Observation 6: The definition of “Coherent”-JT is violated with more than 1 QCLs – not coherent anymore, but only non-coherent SFN.

We propose:
Proposal 1: For Type-II-Doppler, support SD/FD-common TD basis selection (Alt2A CB structure).
Proposal 2: For Type-II-Doppler, no need to support Alt3 CB structure: Multiple  and a single  and .
Proposal 3: For Type-II-Doppler, use orthogonal DFT basis without rotation.
Proposal 4: For Type-II-Doppler, support Alt1.B CSI window for reusing legacy CQI with less standard efforts.
Proposal 5: For Type-II-Doppler, support only aperiodic CSI-RS burst, no periodic or semi-persistent.
Proposal 6: For Type-II-Doppler, TD compression unit for Type-II-Doppler CSI can simply reuse the time interval between two consecutive CSI-RS occasions.
Proposal 7: Within Rel-18 study, RAN1 should have a conclusion whether receiving phase continuity needs to be ensured over a burst of CSI-RS occasions for Type-II-Doppler CSI, depending on whether channel-based extrapolation is the only assumption.
Proposal 8: For Type-II-Doppler, study mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI.
Proposal 9: For Type-II-CJT, support UE-determined Ln based on a configured total 
· FFS the report mechanism of SD basis selection e.g. 
· Option 1: Joint SD selection across all TRPs by  bits
· Option 2: Report Ln and respective SD selection for each TRP by  bits respectively
· For either option 1 or 2, consideration on CSI part 1 and part 2
Proposal 10: For Type-II-CJT, at least for small value of  (e.g. 3 or 4) configured, allow TRP selection (Alt2) i.e. by allowing  
· FFS for the case of larger value of 
Proposal 11: For Type-II-CJT, for both mode 1 and mode 2 CB,  is a TRP-common value.
Proposal 12: For Type-II-CJT, for both mode 1 and mode 2 CB,  is an NZC total across all TRPs.
Proposal 13: For Type-II-CJT, for both mode 1 and mode 2 CB, separately report the respective sized- bitmaps for each TRP n=1,…,N.
Proposal 14: For Type-II-CJT, for , largely reuse sTRP mechanism for FD basis selection: 
· For mode 1 (FD-independent) CB, one TRP’s FD selection by  bits (SCI-associated TRP), while N-1 remaining TRPs’ selections by  bits independently;
· For mode 2 (FD-joint) CB, a TRP-common selection by  bits.
Proposal 15: For Type-II-CJT, for , largely reuse sTRP mechanism for FD basis selection: 
· For the 1st stage selection:
· For mode 1 (FD-independent) CB, one TRP’s FD window by  bits (SCI-associated TRP), while N-1 remaining TRPs’ windows by  bits independently (the N-1 remaining TRPs’ sized- windows may not comprise SCI-related FD basis);
· For mode 2 (FD-joint) CB, a TRP-common selection by  bits.
· For the 2nd stage selection:
· For mode 1 (FD-independent) CB, one TRP’s 2nd-stage selection by  bits (SCI-associated TRP), while N-1 remaining TRPs’ 2nd-stage selections by  bits independently;
· For mode 2 (FD-joint) CB, a TRP-common 2nd-stage selection by  bits.
Proposal 16: For Type-II-CJT, for  quantization, support 1 phase refs and 2N amplitude refs (Alt3), where N can be the number of TRPs or TRP-groups.
Proposal 17: For Type-II-CJT, study potential benefits of TRP-group with: 
· Shared FD basis selection (i.e. mode 2 CB within a TRP-group);
· And/or, shared amplitude ref in  (same as described in proposal 16 with TRP-group)
Proposal 18: For Type-II-CJT, study FD-compensated PDSCH relative to a reference TRP (CDD), and study PMI report mechanisms to enable it.
Proposal 19: For PDSCH assumption of Rel-18 CJT CSI (reflected by CSI reference resource assumption), UE does not expect to deal with more than 1 QCLs.
Proposal 20: For TRS-based TDCP report, consider time correlation definition: .
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PDSCH signals on antenna ports in the set [1000, ...,1000 + vy — 1] for v; layers would result in signals
equivalent to corresponding symbols transmitted on antenna ports [3000, ..., 3000 + P — 1] of the Group 1
CSL-RS resource in the Resource Pair indicated by the CRL and PDSCH signals on antenna ports in the set
[1000 + vy, ...,1000 + v, + v, — 1] for v, layers would result in signals equivalent to corresponding
symbols transmitted on antenna ports [3000, ...,3000 + P — 1] of the Group 2 CSI-RS resource in the
Resource Pair indicated by the CRI as given by
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where Wj(i). j = 1,2 are the two precoding matrices corresponding to the two reported PMIs applicable to
x(i). as described in clause 5.2.1.4.2: and the indices j = 1,2 are associated to the two Resource Groups
configured in the corresponding CSI-RS Resource Set for channel measurement: that the signals y;. j = 1,2.
fully overlap in time and frequency. and that, for the calculation of RL PMI and LI (if configured) of v;
layers. j = 1,2. the interference from the other V(;moaz)+1 layers is derived from channel measurement and
precoding matrix corresponding to the other v(j moaz)+1 layers.
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