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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 
TD basis
RAN1#110bis-e agreements [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support the following codebook structure where N4 is gNB-configured via higher-layer signaling:
· For N4=1, Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy , , and , e.g. 
· For N4>1, Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , e.g. 
· Only Q (denoting the number of selected DD basis vectors) >1 is allowed
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· FFS: Whether Q is RRC-configured or reported by the UE
Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy specification
FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.




For the above agreement, the only remaining issue is TD basis type: Beam-common orthogonal DFT v.s. beam-specific non-orthogonal DFT – the per-beam rotation factor basically selects a set of in non-orthogonal DFT bases for . 
Firstly, regarding beam-common or beam-specific TD basis selection, 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) – not likely to be so accurately obtained via a burst of just 4 or 8 CSI-RS occasions. 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 without any “genie” channel information.
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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)

Secondly, for non-orthogonal DFT basis, besides its conflict with the agreement’s saying “orthogonal DFT basis,” the basis selection would increase UE complexity due to the associated nulling operations.
Observation 1: Per-beam rotation factor basically is non-orthogonal DFT basis for TD, which increases UE complexity due to the needed nulling operations.
Actually, even if we want to pursue the beam-specific Doppler spectrum via higher-resolution oversampled (non-orthogonal) DFT basis, it would be more natural to freely select non-orthogonal DFT basis for each beam – there is no reason to have a beam-common orthogonal selection within each beam-specific rotation group (as according to the FFS).
Proposal 1: For Type-II-Doppler, support SD-common orthogonal DFT basis for TD basis selection.

For SD-common TD basis selection, 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-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 2: For Type-II-Doppler, use orthogonal DFT basis without rotation for TD.

CSI window
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.

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, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied




Pre-RAN1#111 offline proposal [3]:
	Offline proposal 2.C.3: For the Type-II codebook refinement for high/medium velocities, the parameter WCSI (in slots) is determined as follows: WCSI = dN4

Offline proposal 2.C.5: For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· Support at least the following candidate value:  
· If the configured CMR is P or SP-CSI-RS, this candidate value is the periodicity of the CSI-RS,
· If the configured CMR is AP-CSI-RS, this candidate value is the configured value of m parameter
· FFS: Whether additional candidate value(s) of d are supported, e.g. d<m, d>m, and/or d=1 only 
If more than one candidate values of d are supported, the value of d is gNB-configured via higher-layer (RRC) signalling




Proposal 3: For Type-II-Doppler, define TD CSI window size as WCSI=dN4 (support offline proposal 2.C.3).
Then the next question is, how is TD (DD) unit size (d) configured. It is natural to support d=m for AP CSI-RS burst (similarly for periodicity of P/SP CSI-RS), even though WCSI and measured CSI-RS occasions have been decoupled according to the agreements. What need to further consider is whether to support d<m or d>m.
For d>m, since this is for high mobility UE with fast-varying channel, where channel variance over time should be captured as much as possible, thus d should be as small as possible. It is analogous to averaging more than one CSI-RS occasions as a same TD (DD) unit if d>m. 
Then for d<m, further evaluation would be needed. A straight-forward evaluation assumption can be, under a same set of parameters {WCSI, d, N4}, compare different CSI-RS time-pattern with a same K: {K, m=d} {K, m=2d} etc.
Proposal 4: For Type-II-Doppler, TD (DD) unit size d is defined same as the time interval between two consecutive CSI-RS occasions (periodicity of P/SP CSI-RS, or slot interval m of AP CSI-RS burst), no need for d>m (fine with offline proposal 2.C.3).
· FFS d<m, and consider evaluation assumption: Based on same {WCSI, d, N4} and K, evaluate m=d, 2d, …

CQI and Rel-18 reference resource for TD CSI
Pre-RAN1#111 offline proposal [3]:
	Offline proposal 2.B.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· For PMI, DD unit duration of d (in slots) is the duration associated with each of the N4 W2 matrices (combining coefficients before DD compression at the UE, or after DD de-compression at the gNB). 
· TBD (by RAN1#111): The time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), and the number of CQI(s) included in a CSI report X 




For CQI definition, if following legacy principle that reported PMI should be associated with CQI, it is natural to define CQI at the whole time window WCSI for Rel-18 TD CSI. However, there are two main problems for more future CQI prediction: (1) Interference can’t be predicted, and it was suggested by majority companies [3] to assume a constant interference same as legacy over the entire WCSI – which can be a possible definition by force, but it does not change the fact that the accuracy of interference for CQI calculation decays over time; (2) Extrapolated channel also becomes less accurate over time.
Therefore, one CQI averaged in time-domain is a more robust solution.
Proposal 5: For Type-II-Doppler, define X=1 average CQI in time-domain i.e. “wide window” CQI (fine with offline proposal 2.B.2).
Since it already has both PMI and CQI defined in new time location than legacy, it is natural for Rel-18 TD CSI to have its new reference resource definition.
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,” e.g. 
	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 TD CSI, it is straight-forward to decouple timeline anchor and reference resource.
Proposal 6: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” where the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
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Figure 2. Rel-15 CSI reference resource slot can be used as timeline anchor for Rel-18 TD CSI

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
· Down select from the following: 
· Alt1. Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) -CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s):
· Alt2. Support one NZP CSI-RS resource in a CSI-RS resource set, where K>1 occasions are received via a single triggering instance, for aperiodic (AP)-CSI-RS-based channel measurement where the separation between 2 consecutive AP-CSI-RS resources is m slot(s).
· For any of the alternatives:
· No CRI is reported
· FFS: Details, e.g., supported value(s) of K, m, other use cases for the AP-CSI-RS resources (e.g., for training filter coefficients, prediction or performance monitoring)
· Support only one NZP CSI-RS resource for P or SP-CSI-RS-based channel measurement
[bookmark: OLE_LINK2]
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, support the following: 
· (Alt1) Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s)




[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, specify restriction on P/SP CSI-RS: A threshold/minimum number of CSI-RS occasions should be satisfied between the end of the triggering PDCCH and Z’ symbols prior to the report PUSCH.

NZC selection exploiting channel sparsity in SD&FD&TD
RAN1#110bis-e agreements [2]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1. Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used
· This implies that for each layer, the location of NZCs in SD-FD is common across all the Q selected DD basis vectors
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector




According to the above agreement, Alt 1 is more natural with 2LMQ-bit full bitmap size, while Alt2 assumes a common 2LM-bit bitmap for all Q TD bases.
In the 3-dimensional {beam, delay, Doppler} space, channel sparsity can be observed based either on link-level CDL model (although not observed with TDL model due to its inherent characteristic like Jakes model), or on the system-level channel model according to the EVM [4].
By exploiting the 3D channel sparsity, the full 2LMQ-bit size can be reduced. For example, if the non-zero locations at legacy SD&FD are selected in a first stage by 2LM-bit bitmap, which has a maximum possible value of K0,SD&FD; Then at a second stage, a K0,SD&FDQ-bit bitmap can be used to indicate the NZCs for each of the Q TD bases. By doing this, a total bitmap size is 2LM+K0,SD&FDQ, and can achieve an intermediate bitmap size between fully-free Alt1 and more-restricted Alt2. An intuitive illustration can be found in Figure 3.
As long as , it would result in bitmap size reduction: 2LM+K0,SD&FDQ < 2LMQ.
Under {Q=3, =1/2, =1/4}, some evaluation results provided in Table 1 show that the 2-stage bitmap has almost exactly same performance as the fully-free 3D bitmap. Overhead calculation can be found in Table 2.
[image: ]
[bookmark: _Ref118528823]Figure 3. 2-stage bitmap in 3-dimensional {beam, delay, Doppler} space

Some quick notes for other evaluation assumptions (more assumptions can be found in Section 2.6):
· For Rel-18 TD CSI (for both 3D and 2-stage bitmap): 
· Beam-common TD basis selection, and Q=3;
· N4=15, d=1, WCSI=15;
· CSI-RS occasion: K=4, m=1 slot
· Gain is relative to Rel-16 baseline;
· Feedback periodicity: 
· Rel-16 baseline: 5 slots
· Rel-18 TD CSI: 10 slots
· Overall overhead over Rel-16 baseline (account the half feedback periodicity): 979 or 923 bits v.s. 541*2 bits: 90.5% or 85.3% respectively for the 3D bitmap and the 2-stage bitmap

[bookmark: _Ref118531608]Table 1. Average TPUT gain of Rel-18 TD CSI over Rel-16, 3D NZC selection bitmap v.s. reduced 2-stage bitmap
	
	UE speed (km/h)
	3D NZC bitmap
	2-stage NZC bitmap

	4-Rx
	60
	3.40%
	3.19%

	
	30
	5.94%
	6.11%

	
	10
	11.5%
	11.1%

	2-Rx
	60
	4.93%
	4.98%

	
	30
	9.25%
	9.05%

	
	10
	12.6%
	12.3%



[image: ][bookmark: _Ref118532071]Table 2. CSI overhead calculation


Observation 3: 2-stage (2LM+K0,SD&FDQ)-bit bitmap achieves same average throughput as 2LMQ-bit 3D bitmap, while bitmap overhead is reduced from 336 to 112+168=280 (16.7% reduction), and overall feedback overhead is reduced from 979 to 923 (5.7% reduction).
Proposal 8: For Type-II-Doppler, support 2-stage NZC selection bitmap: A first field with a sized-2LM bitmap, representing whether a certain SD&FD location has purely zero coefficients across all Q TD bases; A second field with a totally sized-K0,SD&FDQ bitmap, representing the NZC locations in SD&FD&TD for the at-most K0,SD&FD non-zero locations in SD&FD.

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 4.
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[bookmark: _Ref111068272]Figure 4. 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.

[image: ]
Figure 5. 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 6);
· 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. 
An example illustrated in Figure 6 has some timeline from legacy definition (Z, Z’, and N2) simply extended to this case.

[image: ]
[bookmark: _Ref118536021]Figure 6. 2-stage PDCCH triggered TD CSI

Proposal 9: For Type-II-Doppler, study 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.

[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, or 
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ




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: 
· Scenario 1: Co-located TRPs, which further has: 
· 1A: Multi-panel (i.e. same orientation)
· 1B: Different orientation (e.g. so-site & inter-sector)
· Scenario 2: Distributed.TRPs

[image: ]
[bookmark: _Ref101460334]Figure 7. Scenarios of CJT mTRP to consider in Rel-18

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).
Therefore, regarding practicality, multi-panel (scenario 1A) as one of co-located scenarios, is worth for further study. In this contribution, some discussions for multi-panel are presented in Section 3.7. Besides, in our view, study for multi-panel would not cause too much extra burden to standard due to: (1) Multi-panel is mainly doing tailoring/substractive work based on more general deployment, and can be decided after mechanisms (e.g. SD/FD selection, coefficient co-phasing) for general deployment being stable enough; (2) Existing mechanism in Rel-15 Type-I MP can be leveraged – with some probably natural extension to Type-II.

[bookmark: _Ref115388722]SD basis selection
RAN1#110bis-e agreements [2]:
	Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the following alternatives (by RAN1#111):
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
· Alt2.  where Ltot is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· TBD: Whether for a given configured value of Ltot, the possible combinations of {Ln, n=1, ..., N} are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported 
· FFS: The candidate values for Ln
· Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {Ln, n=1, ..., N} are determined from the value of L 
· TBD: How to determine {Ln, n=1, ..., N} from L, e.g. L1=L and other Ln = L/2
· FFS: The candidate values for L
· Alt4. Lmax is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that 
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported
· FFS: The candidate values for Ln




For the listed alternatives to down-select, Alt1 and Alt3 are gNB-configured Ln, while Alt2 and Alt4 are UE-determined Ln based on a configured total Ltot or maximum total Lmax.
For the layer-common SD basis selection, it is a common sense to select before SVD, according to the power of each digital beam. Therefore, a single configured Ltot (Alt2) allows UE to freely select the Ltot highest-power beams. On the other hand, if each Ln is configured by gNB (Alt1 or Alt3), the resulted  is not necessarily the highest-power Ltot beams, and can cause performance loss, as shown in the following evaluations.
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 (Alt1 e.g. case 1 and 3, or Alt3 e.g. case 2), while UE-determined Ln based on gNB-configured t Ltot (Alt2) is tested for comparison.
Some quick notes for other evaluation assumptions:
· Besides Ltot, using Rel-16 paramCombo 6:  (rank-1,2) or 1/4 (rank-3,4), 
· Similar CSI overhead (only slightly differentiated in SD selection)
Throughput gain of UE-determined Ln over configured Ln are show in Table 3. It is noted that this is the relative gain over baseline for each of the 3 cases respectively.

[bookmark: _Ref115387952][bookmark: OLE_LINK4]Table 3. TPUT gain of UE-determined Ln for SD basis selection, over baseline: Configured Ln
	
	UPT gain
	Percentage of number of TRPs selected

	
	Average
	Edge 5%
	Single-TRP
	2-TRP
	All 3 TRPs

	Case 1
	24%
	77%
	60.4%
	29.2%
	10.4%

	Case 2
	9.9%
	39%
	55.2%
	30.4%
	14.4%

	Case 3
	5.5%
	27%
	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 is impossible to select sTRP. As for other two cases with smaller Ltot=3 or 4, there are cases with both sTRP or 2-TRP selection.
Observation 4: 5.5% to 24% UPT gain is observed by UE-determined Ln based on a gNB-configured Ltot, over the alternative that all Ln configured by gNB and with the same Ltot (and thus almost-same report overhead).
Proposal 10: For Type-II-CJT, for SD basis selection, support UE-determined Ln based on a configured total  (Alt2).
As for another alternative Alt4 with an unfixed , generally from legacy principle, it may not be desirable due to a more variable payload size depending on the actual number of selected SD bases . However, this Alt4 can be useful to “opportunistically” reduce UE complexity as well as report overhead, if RSRP gaps across TRPs are large. For example, Ltot=6 is configured for an 8-port*3-TRP cluster, and UE observed certain TRP#x has higher RSRP than the other two with a gap >20dB, then UE only needs to select sTRP and at most Ltot,actual=4 is possible – this is the total ports per polarization.
Proposal 11: For Type-II-CJT, for SD basis selection, support UE-determined Ln less than a configured max total  (Alt4): , where N is the number of TRPs associated with this report.
One issue with Alt4 can be, since the maximum total NZCs (K0) is determined by total SD bases:  (it has been agreed that  is TRP-common), then should the  here corresponds to the configured , or the actually selected total ? To have a less variated payload size, according to the pre-known  would be more preferrable.
Proposal 12: For Type-II-CJT, for total number of NZCs K0, it should be determined by the configured  (or ), if the actually selected  can be less than configured.

The next question would be, how to report SD basis selection based on UE-determined Ln, and considerations on CSI part 1 and part 2. Given that we already have the NTRP-bit bitmap in CSI part 1 [2]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.




A natural thought for SD selection is:
· Option 1: Joint SD selection across all TRPs by  bits in CSI part 2.
For this option 1, N (number of TRPs) is already known by gNB after decoding CSI part 1 (if NTRP-bit bitmap is reported, otherwise N=NTRP – also known). However, a concern is how large the value of  can be. (Although our preference is , it is anyway not decided yet). If  is satisfied, it is OK to reuse the combination value Table 5.2.2.2.5-4 of TS 38.214 (which support  value up to 18) – otherwise larger table is needed, which would also increase UE complexity and memory requirement.
Then we can think about another option 2 (2-stage SD selection): Report each Ln, and then the respective SD selection by  bits for each TRP. Option 2 can be further divided into:
· Option 2A: Report each Ln in CSI part 1, report the respective SD selection in CSI part 2;
· Option 2B: Report both Ln and the respective SD selection in CSI part 2
For option 2A, the benefit is, bit size  for each TRP can be fixed after gNB decoding CSI part 1, while the drawback is, NTRP values of Ln have to be reported even if N<NTRP is reported according to TRP selection bitmap. As for option 2B, it is feasible for N<NTRP values of Ln to be reported in CSI part 2 (N is known after gNB decoding CSI part 1), and the cost is, SD selection bit size has to be assumed with max value: .
Proposal 13: For Type-II-CJT, for SD basis selection, down-select one of the following 3 options:
· Option 1: Joint SD selection across all TRPs by  bits in CSI part 2;
· Option 2A: Report each Ln in CSI part 1, report the respective SD selection in CSI part 2 by  bits for each TRP;
· Option 2B: Report both Ln and the respective SD selection in CSI part 2, where each SD selection for each TRP is reported by  bits, but each can occupy more:  bits

The down-selection from the above three options may depend on how to report Ln. Actually, given that we already have the TRP selection bitmap, it can be jointly encoded using the following method:
· For each TRP n selected by the NTRP-bit bitmap, it has Ln>=1;
· Therefore, reporting all Ln values satisfying a total  can be described as a problem to split  with N-1 different split locations, as denoted by  (n=1,…,N-1, which denotes Ln-accumulated split location coordinates) in 
· Figure 8. – This is simply to select N-1 out of ;
· Thus, Ln can be jointly encoded by  bits
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[bookmark: _Ref118129799]
Figure 8. Joint encoding of Ln, n=1, … , N. For an example of N=4 TRPs and Ltot=8, it can be represented by  bits

Proposal 14: For Type-II-CJT, for Ln report of SD basis selection, jointly encoded by  bits.
With proposal 14’s method, Ln report would only need a small payload size even with N=4, and thus our preference for the 3 options in proposal 13 would be: Option 2A > option 1 > option 2B.

FD basis selection and UCI packing order of quantized NZCs
Pre-RAN1#111 offline proposal [3] and RAN1#110 agreements [2]:
	Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates.
For all the above alternatives, the legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources

Agreement
For the Rel-18 Type-II codebook for CJT mTRP, for mode-1, the number of FD basis vectors (Mv related to pv for Rel-16, M for Rel-17) is common across all N CSI-RS resources




The offline proposal 1.D.2 is regarding detailed FD selection mechanism for mode-1 (FD-independent) codebook. Among the three alternatives, Alt2 can be seen as a baseline and most natural “independent” selection, while Alt1 has some selection dependency between TRPs’  (may be called mode-1.5 codebook). As for Alt3, it still follows the principle of Alt2 on the independency of  selection, and may only differentiates with Alt2 on further details.
Firstly regarding Alt1, evaluation are needed to demonstrate its reasonability. Since the proposal does not request a rush evaluation to make decision in this RAN1#111, but in RAN1#112 which is three months later, we think this proposal itself is fair enough.
Proposal 15: For Type-II-CJT, for FD basis selection under mode-1 FD-independent codebook, evaluation is needed to before deciding to support Alt1: Common FD selection + per-TRP FD index offset (fine with offline proposal 1.D.2).
Then for Alt2, it should be seen as default mechanisms for mode-2 codebook without convincing enough benefit observed from either Alt1 or Alt3. We propose Alt2 with its details by simply extending existing mechanisms regarding  and  respectively as in the following proposal:
Proposal 16: For Type-II-CJT, for FD basis selection under mode-1 FD-independent codebook, largely reuse Rel-16 sTRP mechanism for independent FD basis selection of TRPs (Alt2): 
· For , SCI-TRP’s FD selection by  bits, while N-1 remaining TRPs’ selections by  bits independently;
· For ,
· For the 1st stage selection (window), SCI-TRP’s FD window by  bits, while N-1 remaining TRPs’ windows by  bits independently (the N-1 remaining TRPs’ sized- windows may not comprise SCI-related FD basis);
· For the 2nd stage selection, SCI-TRP’s by  bits, while N-1 remaining TRPs’ by  bits independently
As for Alt3, our understanding regarding the interpretation of its associated “FD index offset” is, the offset between the strongest FD index (not necessarily 0 for the other N-1 TRPs than the SCI-TRP), to SCI-TRP’s strongest index 0. – Without these offsets reported, Alt2 FD selection can still work fine, just no information regarding other N-1 TRPs’ strongest FD.
Whether Alt3 is needed over Alt2, may depend on the UCI packing order of quantized NZCs: 
· For legacy, SCI-TRP would have permutated FD order of  (index 0 is the strongest FD);
· For other certain TRP#n, if analogous to legacy, would have an FD order of [offsetn, offsetn-1, offsetn+1, offsetn-2, offsetn+2, …] (index offsetn is the strongest FD; Besides, cyclic shift operation here omitted for simplicity)
Observation 5: For FD selection Alt3 with FD index offset reported, it can support a similar FD permutation analogous to legacy Rel-16 for every TRP.
The question is, whether FD permutation is still needed for the UCI packing order. For Rel-16 priority function , FD is the most significant dimension to determine NZC priorities. However, for mTRP case, it should be a natural question: Whether still FD, or the newly-introduced TRP-dimension, is the most significant dimension for group 1 and 2 split of NZCs. If TRP-dimension is the main determining factor (i.e. “outermost” indexing for priority function), FD permutation would be much less useful.
Observation 6: FD permutation may not be needed for CJT, if TRP-dimension is the most significant dimension for group 1 and 2 split of NZCs.

NZC quantization and TRP power
RAN1#110bis-e 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: 
· One (common) SCI applies across all N CSI-RS resources
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook




For both Alt1 and Alt3 in the above agreements, it only has one single SCI across TRPs, which basically assumes that power normalization is across all TRPs. Given that the associated  coefficients of each TRP are independently reported, the transmission power of different TRPs are not necessarily the same, and naturally has a requirement for network to allocate relative DL power amongst TRPs.

[image: ]
Figure 9. TRP power illustration: Different TRPs are not necessarily with the same power.

Power allocation amongst TRPs may be against the typical implementation of existing networks, where the DL may generally have a fixed transmission power. However, to enable CJT, variable DL power has to be assumed, based on the till-now agreements of codebook structure (either mode-1 or mode-2) with single-SCI-.
Proposal 17: For Type-II-CJT, it should be a natural assumption for network implementation to allow variable transmission power for a CJT-PDSCH transmitted from a certain TRP.
The reason to emphasize this variable DL transmission power is to prevent a requirement for UE to report  satisfying a per-TRP same power, similar as the mechanism of Rel-16 CBSR – something like “butchering” . This kind of requirement may be easy to standardize, but not very implementable, if a reasonable precoding performance is still the pursuit.

CMR requirement
For Rel-17 NCJT with 2 TRPs, a pair of NZP CSI-RSs is required to be within at most 2 consecutive slots, without DL/UL switching in between.
For CJT, shorter timing restriction for CMR should be ensured, since phase coherence naturally is more sensitive than NCJT regarding timing. Besides, Rx phase coherence is generally only required within one slot.
Proposal 18: For Type-II-CJT, support CMR timing restriction stricter than NCJT: All NZP CSI-RS resources in the resource set are received within a same slot, and no DL/UL switch in between.

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 phase rotation in frequency-domain, to directly compensate the relative delay offset 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 (2 PRB at a finest level). Besides, more importantly, this FD-compensation (CDD) method does not need to increase N3 for a higher UE complexity.
As for how to obtain the FD phase rotation, there can be two options: Via CSI-RS measurement and phase rotation report, or via SRS, which corresponds to Rel-16-based and Rel-17-based solution respectively, as illustrated in Figure 10..

[image: ]
[bookmark: _Ref118562026]Figure 10. FD-compensated PDSCH (CDD) via Rel-16 and Rel-17 based solution

Proposal 19: For Type-II-CJT, study FD-compensated PDSCH relative to a reference TRP (CDD), and for Rel-16-regular-based CJT codebook, study how to report the FD phase rotation.
With FD phase rotation, since it already compensates the relative delay between TRPs, mode-2 (FD-joint) codebook would be enough to capture the path delays of each sTRP.
Proposal 20: For Type-II-CJT with FD phase rotation reported (based on Rel-16 regular codebook), support only mode-2 (FD-joint) codebook.
Proposal 21: For Type-II-CJT based on Rel-17 PS codebook, support only mode-2 (FD-joint) codebook.

[bookmark: _Ref118037279]Multi-panel tailoring
Agreement in RAN1#110bis-e [2] on multi-panel study:
	Agreement
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) on the L parameter:
· 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. gNB configures a common L parameter for all N CSI-RS resources via higher-layer signaling
FFS: Study on additional optimization for collocated multi-panel scenario




[bookmark: OLE_LINK3]Rel-15 has specified multi-panel for Type-I and not Type-II, and now RAN1 is studying CJT based on Type-II. It is a chance to also study multi-panel as a special deployment scenario for CJT, as a “complement” to Rel-15.
A most straight-forward tailoring work is shared SD basis selection . Since multi-panel is co-located, it can be directly based on the already-agreed mode-2 (FD-joint) codebook.
Proposal 22: For Type-II-CJT, for the codebook structure of co-located multi-panel deployment, support shared SD basis selection based on tailoring mode-2 (FD-joint) codebook, e.g. 

A further tailoring can consider overhead reduction of . Using a similar co-phase as Rel-15 Type-I MP,  size that need to be reported (NZC bitmap selection, and quantization) can be reduced from , to , in plus with N-1 phases.
Proposal 23: For Type-II-CJT, for the codebook structure of co-located multi-panel deployment, study further overhead reduction by shared  with co-phase, e.g.


[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#110bis-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 quantized amplitude of 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
Note: Different alternatives may or may not apply to different use cases  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signaled with respect to each alternative




For the current two alternatives, 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, from UE implementation perspective, time-correlation has larger chance to reuse (part of) existing tracking algorithms, since time-correlation has almost no ambiguous understanding for its definition.
In contrast, 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 (known as “geometric average”) 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.
Proposal 24: For TRS-based TDCP report, support time-correlation report (AltB), and allow UE implementation to use time correlation calculation by .
Then regarding time-correlation profiles with longer lag than 2 slots for lower-speed scenario (so-called “inter-burst” time-correlation), it is not related to any legacy UE receiving behavior for TRS. To support more lag values, some time pattern of TRS (periodicity, or linkage between P/AP TRS) anyway has to be defined. Two main concerns are:
1. RS overhead. For example, to support an inter-burst lag like 5 or 10 msec, a 4 burst of 4 symbols of single-port CSI-RS need to be sent where 3 of them may not be necessary for the targeted lag;
2. It may be difficult to avoid using AP-TRS (since P-TRS with 5 or 10 msec is too dense), but AP-TRS seems to have never been actually implemented according to our understanding – but even if with AP-TRS, the redundant overhead with 4 symbols is still not resolved.
Therefore, time pattern fit for the longer lag for time correlation can simply be defining single-port CSI-RS occasions with the targeted lags.
Proposal 25: For TRS-based TDCP report, for time-correlation with longer lag, study single-port CSI-RS with new time spacing/pattern.

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: Per-beam rotation factor basically is non-orthogonal DFT basis for TD, which increases UE complexity due to the needed nulling operations.
Observation 2: For SD-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: 2-stage (2LM+K0,SD&FDQ)-bit bitmap achieves same average throughput as 2LMQ-bit 3D bitmap, while bitmap overhead is reduced from 336 to 112+168=280 (16.7% reduction), and overall feedback overhead is reduced from 979 to 923 (5.7% reduction).
Observation 4: 5.5% to 24% UPT gain is observed by UE-determined Ln based on a gNB-configured Ltot, over the alternative that all Ln configured by gNB and with the same Ltot (and thus almost-same report overhead).
Observation 5: For FD selection Alt3 with FD index offset reported, it can support a similar FD permutation analogous to legacy Rel-16 for every TRP.
Observation 6: FD permutation may not be needed for CJT, if TRP-dimension is the most significant dimension for group 1 and 2 split of NZCs.
We propose:
Proposal 1: For Type-II-Doppler, support SD-common orthogonal DFT basis for TD basis selection.
Proposal 2: For Type-II-Doppler, use orthogonal DFT basis without rotation for TD.
Proposal 3: For Type-II-Doppler, define TD CSI window size as WCSI=dN4 (support offline proposal 2.C.3).
Proposal 4: For Type-II-Doppler, TD (DD) unit size d is defined same as the time interval between two consecutive CSI-RS occasions (periodicity of P/SP CSI-RS, or slot interval m of AP CSI-RS burst), no need for d>m (fine with offline proposal 2.C.3).
· FFS d<m, and consider evaluation assumption: Based on same {WCSI, d, N4} and K, evaluate m=d, 2d, …
Proposal 5: For Type-II-Doppler, define X=1 average CQI in time-domain i.e. “wide window” CQI (fine with offline proposal 2.B.2).
Proposal 6: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” where the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
Proposal 7: For Type-II-Doppler, specify restriction on P/SP CSI-RS: A threshold/minimum number of CSI-RS occasions should be satisfied between the end of the triggering PDCCH and Z’ symbols prior to the report PUSCH.
Proposal 8: For Type-II-Doppler, support 2-stage NZC selection bitmap: A first field with a sized-2LM bitmap, representing whether a certain SD&FD location has purely zero coefficients across all Q TD bases; A second field with a totally sized-K0,SD&FDQ bitmap, representing the NZC locations in SD&FD&TD for the at-most K0,SD&FD non-zero locations in SD&FD.
Proposal 9: For Type-II-Doppler, study 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 10: For Type-II-CJT, for SD basis selection, support UE-determined Ln based on a configured total  (Alt2).
Proposal 11: For Type-II-CJT, for SD basis selection, support UE-determined Ln less than a configured max total  (Alt4): , where N is the number of TRPs associated with this report.
Proposal 12: For Type-II-CJT, for total number of NZCs K0, it should be determined by the configured  (or ), if the actually selected  can be less than configured.
Proposal 13: For Type-II-CJT, for SD basis selection, down-select one of the following 3 options:
· Option 1: Joint SD selection across all TRPs by  bits in CSI part 2;
· Option 2A: Report each Ln in CSI part 1, report the respective SD selection in CSI part 2 by  bits for each TRP;
· Option 2B: Report both Ln and the respective SD selection in CSI part 2, where each SD selection for each TRP is reported by  bits, but each can occupy more:  bits
Proposal 14: For Type-II-CJT, for Ln report of SD basis selection, jointly encoded by  bits.
Proposal 15: For Type-II-CJT, for FD basis selection under mode-1 FD-independent codebook, evaluation is needed to before deciding to support Alt1: Common FD selection + per-TRP FD index offset (fine with offline proposal 1.D.2).
Proposal 16: For Type-II-CJT, for FD basis selection under mode-1 FD-independent codebook, largely reuse Rel-16 sTRP mechanism for independent FD basis selection of TRPs (Alt2): 
· For , SCI-TRP’s FD selection by  bits, while N-1 remaining TRPs’ selections by  bits independently;
· For ,
· For the 1st stage selection (window), SCI-TRP’s FD window by  bits, while N-1 remaining TRPs’ windows by  bits independently (the N-1 remaining TRPs’ sized- windows may not comprise SCI-related FD basis);
· For the 2nd stage selection, SCI-TRP’s by  bits, while N-1 remaining TRPs’ by  bits independently
Proposal 17: For Type-II-CJT, it should be a natural assumption for network implementation to allow variable transmission power for a CJT-PDSCH transmitted from a certain TRP.
Proposal 18: For Type-II-CJT, support CMR timing restriction stricter than NCJT: All NZP CSI-RS resources in the resource set are received within a same slot, and no DL/UL switch in between.
Proposal 19: For Type-II-CJT, study FD-compensated PDSCH relative to a reference TRP (CDD), and for Rel-16-regular-based CJT codebook, study how to report the FD phase rotation.
Proposal 20: For Type-II-CJT with FD phase rotation reported (based on Rel-16 regular codebook), support only mode-2 (FD-joint) codebook.
Proposal 21: For Type-II-CJT based on Rel-17 PS codebook, support only mode-2 (FD-joint) codebook.
Proposal 22: For Type-II-CJT, for the codebook structure of co-located multi-panel deployment, support shared SD basis selection based on tailoring mode-2 (FD-joint) codebook, e.g. 

Proposal 23: For Type-II-CJT, for the codebook structure of co-located multi-panel deployment, study further overhead reduction by shared  with co-phase, e.g.

Proposal 24: For TRS-based TDCP report, support time-correlation report (AltB), and allow UE implementation to use time correlation calculation by .
Proposal 25: For TRS-based TDCP report, for time-correlation with longer lag, study single-port CSI-RS with new time spacing/pattern.
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