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Introduction
In this contribution, we provide our discussion on CSI reporting enhancements, time domain channel property (TDCP) reporting for high/medium UE velocities, and CSI acquisition enhancements for coherent joint transmission (CJT).
CSI reporting enhancement for high/medium UE velocities
Non-zero coefficients indication
According to email discussion, the following proposal on the non-zero coefficients (NZC) of combination coefficients quantization and indication were provided by feature leader (FL). 
Proposal 2.G.1: 
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, 
· When the UE is configured with Q=1: for each layer, one 2-dimensional bitmap of size-2LM reusing the legacy design is used
· When the UE is configured with Q=2: for each layer,
· Basic feature: two 2-dimensional bitmaps, each of size-2LM reusing the legacy design for each of the two selected DD basis vectors, are used
· Optional feature (for higher CSI overhead, FFS: definition), if the following down-selection succeeds: down-select from the following two alternatives in RAN#112bis-e: 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4’: Q different bitmaps are supported for each layer, each of the Q bitmaps corresponds to DD basis q = 0 or 1.
· For each polarization, each of the Q bitmaps contains bits included in a set of SD basis and FD basis pairs , satisfying , where
· , 
·  is the SD basis indicated by SCI
· Two polarizations have same set of  in the bitmap
In principle, we are fine with proposal, and support Alt3A as a optional feature. For Alt4’, we have the following concerns.
· How to determine the value of D? For different channel conditionals or different number of non-zero coefficients, the value of D may be different.
· UE needs to implement search algorithm for obtaining the set of SD basis and FD basis pairs , which will increase UE computation complexity.
For Alt3A, since the selected Q DD bases are indicated by a , it has implied that DD basis are commonly selected across SD/FD basis. Or it will require  -bit or -bit to indicate the selected Q DD bases. Therefore, it does not violates previous agreements.
Proposal 1: Alt3A is supported to indication the location of non-zero coefficients, i.e.,  bits are used to indicate the location of NZC, where denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs.
CQI reporting 
According to email discussion, the following proposal on CQI reporting were given by FL.
Proposal 2.F.1:
For the Type-II codebook refinement for high/medium velocities, when a UE is configured with X=2 for CQI calculation and reporting, the 2nd CQI is located in UCI part 2
Proposal 2.F.2:
For the Type-II codebook refinement for high/medium velocities, when a UE is configured with X=2 for CQI calculation and reporting, the 2nd CQI includes 4-bit wideband CQI and 2-bit sub-bands CQIs calculated independently from the 1st CQI
For type I, the first CQI is included in CSI Part 1, while the second CQI is included in CSI part 2. This legacy method can be applied to X=2 CQI reporting as well. For the first CQI, wideband CQI and subband CQI are quantized with 4 bits and 2 bits respectively. The overhead is affordable for UE reporting. Therefore, it is not necessary to overdesign for it.
Proposal 2: Support CQI is reported in UCI part 2 and wideband CQI quantization with 4 bits and subband CQI quantitation with 2 bits.
CSI omission
In [4], four alternatives on CSI omission were identified as follows.
	Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3. Prio(,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l +  
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
q=0,…,Q-1


There are only two DD basis. If Alt2 is adopted, it may drop the all the coefficients correspond to a DD basis. This results time domain predict CSI cannot be adopted. Due to channel ageing, the performance of Alt2 will be worse than that of other alternatives after CSI omission. Hence, Alt2 should be not supported. We are open to discuss other alternatives. Alt3 is extension of legacy priority of coefficients. It is our first prefer. As for FD permutation and DD permutation, we think FD permutation P(.) as Rel-16-analogous can be reused. Since there are two DD bases and the first DD basis is always selected corresponding to q=0, it is not necessary to implement permutation for DD basis, i.e., S(q)=q.
Proposal 3: We are open for the four alternative except Alt2, i.e., Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+, and support FD permutation P(.) as Rel-16-analogous, S(q)=q.
Codebook subset restriction (CBSR) 
For RI restriction, the RI restriction method of legacy Type II codebook can be reused. It is not necessary to enhance. When , there is no difference with Rel-16/17 Type II codebook. Thus, the beam restriction of Rel-16 Type II codebook can reused. The beam restriction is defined as expression (1) for Rel-16 Type II codebook.
                            (1)
When , the codebook structure is written as . We can see that another Doppler domain is included. It is straightforward that the beam restriction can be defined as expression (2) for Rel-18 Type II codebook with Doppler domain. 
(2
·  denotes the indication of non-zero coefficients for i-th SD basis and f-th FD basis of  l-th layer on the polarization p. 
·  denotes the reference amplitude of layer l on the polarization p.
·  denotes difference amplitude for i-th SD basis and f-th FD basis of  l-th layer on the polarization p. 
·  denotes the maximum amplitude of i-th SD basis on the polarization p.  
Proposal 4: Legacy method of CBSR can be reused when N4=1. Beam restriction can be defined as  when N4>1.
TDCP reporting for high/medium UE velocities
In  [4], the following agreements on TDCP reporting were identified.
	Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic

Agreement
For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported 
The value of Y is a UE capability

Agreement
For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI

Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome


The mainly remained issues on TDCP reporting is discussed in this section.
TRS configuration and TDCP measurement
According to email discussion, FL provides the following proposal on TRS configuration for TDCP measurement and calculation.
Proposal 3.A: 
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, RE location, relation with resource set used for legacy usage  
We are fine with the proposal for TDCP measurement and calculation. In current specification, aperiodic CSI-RS and periodic CSI-RS resource have the same bandwidth (with same RB location). The principle should be followed for TDCP measurement.  Therefore, the configured KTRS >1 TRS resource sets should have such kind restriction. In order to calculate more accurate autocorrelation, it is better the KTRS >1 TRS resource sets have the same parameter configuration, i.e., QCL relationship, power control and RE location are same for the KTRS TRS resource sets. 
It has agreed that TDCP reporting belongs to aperiodic reporting. In addition, periodic and aperiodic TRS resource sets configuration have supported.  It is straightforward and feasible that periodic and aperiodic TRS resources are jointly configured for TDCP measurement.
Proposal 5: For the KTRS ≥1 TRS resource set(s) in the CSI reporting setting when ReportQuantity is ‘tdcp’, we suggest
· KTRS ≥1 TRS resource set with the same QCL relationship, power control and RE location.
· periodic and aperiodic TRS resources are jointly configured when KTRS >1.
The value Y can be configured as 1 or more than one.  The value KTRS is associated with Y. For Y=1, we simulate the delay of adjacent TRS resource burst and the number of TRS resource bursts at different velocities. The simulation assumption is given in Appendix 7.1. As shown in Fig.1, we can observe there are no much difference between N=2 and N=3, where N denotes the number of TRS resource bursts corresponds to KTRS TRS resource set. When delay slots, it almost achieves the best accuracy of codebook switching at different speed.

Fig.1: The accuracy of Type I and Type II codebook switching for different number of TRS bursts N with different Delay values and different velocities

Observation 1: Two TRS resource sets with delay 5 slots can obtain better TDCP measurement.
Proposal 6: When Y=1, we suggest KTRS =2 TRS resource set and the delay τ=5 slots between the two TRS resource sets.
In order to determine the value of Y, some simulation results on the estimation error of Doppler shift for different values Y at different velocities are given in Fig. A1.  We can see that the better estimation accuracy can be obtained as the values Y increase. In the simulation, Y+1 TRS resource set are configured. The larger value Y needs to consume more TRS resource sets. Therefore, the tradeoff between estimation accuracy and the signaling overhead of TRS resource set should be considered.  
Observation 2: The estimation accuracy of Doppler shift is increased as the values Y increase.
For the value of Y, there are three alternative to determine it. For Alt 1 and Alt 3, Y is determined by gNB configuration and UE reporting, respectively. Considering the TDCP is measured and calculated by UE, UE knows how many autocorrelation values should be reported. Therefore, Alt3 should be supported. For Alt2, there are too many autocorrelation values since any two TRS resources. In fact, some of them does not need to reported.
Proposal 7: Alt3, i.e., the value of Y is UE-selected and report is supported.
Amplitude and phase quantization for TDCP reporting
According to email discussion, FL provides the following proposal on amplitude and phse quantization for TDCP reporting.
Proposal 3.B:
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  
· TBD: supported value(s) of N (e.g. ), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases
In our view, the quantization value reuses the legacy amplitude quantization of Type II codebook. But it does not make sense in physically. It does not reflect the variation of Doppler shift with quantization value.  We plot the curves for different values s when Q=4 according to the expression , as given in Fig. A2.  We can observe that some quantization values between 0.9 and 1 cannot be obtained if s>0.5. When s=0.5, it may be feasible to quantize amplitude for Y=1. However, when Y>1, the step size between 0 and 0.6 is too larger, the quantization error will be increase. 
Observation 3: When Q=4, some quantization values between 0.9 and 1 cannot be obtained if s>0.5.
Observation 4: When s=0.5, the step size between 0 and 0.6 is too larger, which may be not feasible to quantize amplitude for Y>1.
In our view, the Bessel function can be used to determine the quantization value. However, it is difficult to calculated the step size by using Bessel function. In order to address issue, we provide a function , where x=. The function matches well with the Bessel function as shown in Fig.A3.  The quantization value can be set to  by using f(x). Let ， and ,  When ，the curve of f(x) is same to that of  and s=0.5 and s=0.25, as shown in Fig.A4.  If we set  to different values, we can obtain different quantization curves. Different values  corresponds to different variation of Doppler shift. In addition, for Y=1 and Y>1, we can set  to different values for amplitude quantization by using f(x). Therefore, it makes sense and is flexible that amplitude quantization by using f(x). For phase quantization, the legacy 3 bits or 4 bits can be reused. 
Proposal 8:  The expression  can be used to quantize the amplitude for Y=1 and Y>1. 3 bits or 4 bits are used to quantize phase.  
CSI acquisition enhancement for coherent joint transmission (CJT)
CMR and IMR configuration for CJT
For NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for mTRP CJT, following agreements are archived in RAN1-109 e-meeting [1] and RAN1-110 meeting [2].
Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).
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.
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, 
· Only CSI reporting over PUSCH is supported 
· FFS: Whether AP only, or both AP and SP (following legacy), is supported
· An associated Resource Setting includes a CMR comprising K≥1 NZP CSI-RS resources from one CSI-RS resource set 
· Periodic, semi-persistent, and aperiodic NZP CSI-RS are supported
· The supported CSI-RS resource parameter settings follow the legacy specification (without additional enhancement)
· FFS: Whether or not the K NZP CSI-RS resources are constrained to be in the same slot
According to the agreement, it is possible that gNB configures a CMR comprises 4 CSI-RS resources, e.g., CSI-RS#0, CSI-RS#1, CSI-RS#2 and CSI-RS#3. And UE selects 3 TRPs corresponding to CSI-RS#0, CSI-RS#1 and CSI-RS#2, and indicate ‘0111’ as TRP selection to gNB. Since gNB doesn’t know which TRP will be selected by UE before receiving UE’s CSI report and the IMR should be configured before. But the IMR for different TRP selection need to be different. It means that for TRP selection refer to select of CSI-RS#0, CSI-RS#1, CSI-RS#2, the IMR can be IMR#0. For TRP selection refer to CSI-RS#0, CSI-RS#1, CSI-RS#3, the IMR can be IMR#1. For TRP selection refer to CSI-RS#0, CSI-RS#2, CSI-RS#3, the IMR can be IMR#2…… Since gNB doesn’t know which TRPs will be selected by UE, it is necessary to configure all possible IMRs and the mapping between TRP selection and IMRs should be indicated to UE explicitly or implicitly. If more than one IMRs mapping to a same TRP selection, the IMR index should be indicated to gNB by UE in CSI report.
Proposal 9: Support to configure more IMRs corresponding to different TRP selection for one CMR. 
NTRP=1,2,3 and 4 are supported for CJT, and NTRP CSI-RS resource are configured, where each CSI-RS resource is associated with one TRP. The maximum number of CSI-RS ports can be configured as 32. In Table 4-1, the total number of CSI-RS ports for different number of TRPs and different number of CSI-RS ports are given. We can see that the total number of CSI-RS ports can up to 128 when NTRP =4 and P=32, where P denotes the number of CSI-RS ports. Considering there are PDCCH and DMRS symbols in a PRB, it is impossible the four CSI-RS resource are configured in a PRB according to the current CSI-RS resource configuration. One simple way is these resources are configured at two slots. The other way is they are configured at different PRBs with low density, such as  RE/RB/Port for all CSI-RS resources.  The latter one will results that the channel on partial PRBs cannot be estimated by CSI-RS resource, which have impact on channel estimation performance. Therefore, multiple CSI-RS resources configured in two slots should be considered. Note that it does not always request all CSI-RS resource are configured in two slots. When the total number of CSI-RS ports Ptot is smaller than the threshold of CSI-RS ports Pth, it is enough that all resources are configured in a slot. For example, as shown in Table1, Pth can be set to 48. If Ptot < Pth=48, i.e., the highlight with green configuration, all resources are configured in a slot. Otherwise, they are configured in two slots.  The value Pth can be FFS.
Table 4-1 The total number of CSI-RS ports for different number of TRPs and different number of CSI-RS ports
	
	NTRP

	
	2
	3
	4

	P
	4
	8
	12
	16

	
	8
	16
	24
	32

	
	12
	24
	36
	48

	
	16
	32
	48
	64

	
	24
	48
	72
	96

	
	32
	64
	96
	128



Proposal 10: When Ptot< Pth,   CSI-RS resources are configured in a slot. Otherwise,   CSI-RS resources are configured in two slots. Ptot and Pth denotes the total number of CSI-RS ports and the threshold of CSI-RS ports, respectively. The value Pth can be FFS. 
Codebook refinement
SD/FD basis report
As for the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, following agreements were archived in RAN1- 110b e-meeting [3]. 
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
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the L parameter:
· 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, one L configured and {Ln} determined from configured L
· FFS: The value of Ln is taken from a pre-defined set
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

In RAN1-111 meeting, following more agreements were archived.
Agreement
On the 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
· 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} or the total value of  are reported implicitly or explicitly
FFS (by RAN1#111): 
· Whether the supported candidate values for Ln follow the legacy candidate values for L, or some additional value(s) are also supported
· If Alt4 is supported, whether the candidate values for Ln are gNB-configured via higher-layer signaling

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of NTRP, a set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling
· When NL>1, the selected combination of values for {L1, ..., LNTRP} is reported in CSI part 1 using an indicator, selected from the NL configured combinations
· NL =1 is one of the supported candidate values 
· FFS: Other supported value(s) of NL, and its respective UE capability
· FFS: The supported combinations of values for {L1, ..., LNTRP}
· Following the legacy design, the SD basis selection for the n-th (n=1,...,N) selected CSI-RS resource is indicated in CSI part 2 using a combinatorial indicator selected from a set of   codepoints where, for Rel-16-based refinement PCSI-RS = 2*N1N2.
· The supported candidate values for each of the Ln parameters include the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, and 
· for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alpha1, ..., alphaNTRP}   where  
FFS: Whether the set of NL combinations of values for {L1, ..., LNTRP} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS resource is indicated in CSI part 2 using an indicator selected from a set of O1O2 codepoints.
In RAN1-112 meeting, following more agreements were archived.
Agreement
On the Type-II codebook refinement for CJT mTRP, only support NL ={2,4} as additional candidate values to NL=1.
· FFS: Additional restriction(s) depending on the configured value for NTRP

Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {n} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability

	[bookmark: _Hlk128062296]NTRP
	{Ln} combination

	[bookmark: _Hlk128062270]1
	{2}

	
	{4}

	
	{6} (analogous to legacy, only for total # ports =32, rank 1-2, R=1

	2
	{2,2}

	
	{2,4}, [{4,2}]

	
	{4,4}

	3
	{2,2,2}

	
	{2,2,4} [and its other permutations]

	
	{4,4,4}

	4
	{2,2,2,2}

	
	{2,2,2,4} [and its other permutations]

	
	{2,2,4,4} [and its other permutations]

	
	{4,4,4,4}



Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, regarding the list of supported combinations of {Ln}, only support the following additional combinations:
	NTRP
	{Ln} combination

	2
	{4,2}

	3
	{2,4,2}, {4,2,2}


No other permutations are supported.
FFS: For NTRP>1, in addition to the supported combinations/permutations, whether to support at least one additional combination where at least one of the Ln values (n=1, …, NTRP) is 6
Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,} from where the value of {pv,} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,} for Rel-16-based refinement 

	[bookmark: _Hlk128065209]pv for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional


(*) Supported by legacy Rel-16 
Conclusion 
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, there is no consensus on adding a new (not previously agreed) codebook parameter, as well as replacing the legacy parameter L with a new (not previously agreed) parameter.
· Note: Since dynamic {Ln} selection was agreed, this implies that the list of supported {Ln} combinations will be discussed separately from the list of supported {pv,} combinations
· FFS: Whether/how the list of supported {Ln} combinations can be linked with the list of supported {pv,} combinations without introducing a new (not previously agreed) codebook parameter, e.g. via some UE capability 

Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, support linkage between the list of supported {Ln} combinations and list of supported {pv,} combinations via pairing each combination for {pv,} with at least one combination for {Ln}, for each NTRP value.
· FFS (by RAN1#112bis-e): The exact list of supported pairs/linkage, or restriction of {Ln} when paired to each of {pv,}
· FFS (by RAN1#112bis-e): Whether/How to support configuration signalling for indicating the linkage
· Note: While no additional codebook parameter will be introduced, the total number of SD basis vectors across CSI-RS resources can still be used as a criterion for choosing the supported pairs/linkage

According to the agreement, NL = {1, 2, 4} are supported.  In our point of view, the supported number of NL can be reported by UE capability. Now for 1 TRP, 2 TRPs, 3 TRPs and 4 TRPs, the maximum number of SD basis combination is 3, 4, 5 and 4 respectively. In order to reduce the UE complexity, it is better to not support Ln = 6 for NTRP>1.  
Proposal 11: not support Ln = 6 for NTRP>1. 
As for the SD-FD combinations, at least for 1 TRP, legacy combinations should be supported. Table 4-2 provides our preference. ‘X’ means supported, ‘X’ means slightly prefer to support, ‘--' means not supported and ‘?’ means no strong preference. 
Table 4-2 SD-FD combination for 1 TRP
	NTRP
	SD combo
	FD combo {pv},

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

	1
	2
	--
	--
	X
	X
	?
	?

	
	4
	--
	--
	X
	X
	X
	X

	
	6 w/ restriction
	?
	?
	?
	X 
	X
	--



While for NTRP>1, if the sum of the SD basis not larger than 6, the legacy combinations can be reused. Else, the FD combination with lower value can be supported to reduce the signaling overhead. and Table 4-3 provides our preference on SD-FD combinations with more than 1 TRP.
Table 4-3 SD-FD combination for 2-4 TRPs
	NTRP
	SD combo
	FD combo {pv},

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

	2
	{2,2}
	--
	--
	X
	X
	X
	X

	
	{2,4}
	--
	--
	--
	X 
	X 
	--

	
	{4,2}
	--
	--
	--
	X 
	X 
	--

	
	{4,4}
	?
	?
	?
	?
	--
	--

	3
	{2,2,2}
	--
	--
	?
	X 
	X
	?

	
	{2,2,4} 
	X
	X
	?
	?
	--
	--

	
	{2,4,2}
	X
	X
	?
	?
	--
	--

	
	{4,2,2}
	X
	X
	?
	?
	--
	--

	
	{4,4,4}
	X
	X
	?
	?
	?
	?

	4
	{2,2,2,2}
	X
	X
	?
	?
	--
	N/A

	
	{2,2,2,4} 
	X
	X
	?
	--
	--
	N/A

	
	{2,2,4,4} 
	X
	?
	--
	--
	--
	N/A

	
	{4,4,4,4}
	X
	?
	--
	--
	--
	N/A


Proposal 12: For 1 TRP, the SD-FD combinations in legacy system can be supported. While for more than 1 TRP, if the sum of number of the SD basis is not larger than 6, SD-FD combinations in legacy system can be supported. Else, the FD parameters with low value can be supported to reduce signaling overhead.
According to the agreement, regarding the SD basis selection, for a configured value of NTRP, gNB can configure a set of combinations of values and UE will select one and report to gNB. It is possible that there are two combinations, e.g., {2, 2, 2, 2} and {2, 2, 2,4}. It means that the number of SD basis is same for all TRPs except TRP#1 between these two combinations. It is possible that UE doesn’t select TRP#1, and the number of SD basis for other TRPs is selected as {2, 2, 2} that is same in these two combinations. In this case, which combination index will be reported to gNB? The simplest way is to define a default rule such as to report the combination with the lowest index.
Proposal 13: For SD basis selection, support to report the combination with the lowest combination index if there are more than one combination with same values of SD basis number for the selected TRPs. 
As for the FD basis selection for Type-II codebook refinement for CJT mTRP, following agreements were archived in RAN1- 111 meeting. 
Agreement
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 
· Alt2.  independently selected across N CSI-RS resources (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 
For all the above alternatives, the legacy FD basis selection indication scheme 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

As for the FD basis selection for Type-II codebook refinement for CJT mTRP, following agreements were archived in RAN1- 112 meeting. 
Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in 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 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources
For Alt 1, it is to too restrictive for MTRPs to use a common . Thus we prefer Alt 2.
Proposal 14: Support Alt 2 for FD basis selection for mode 1, i.e., 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)

As for the detail of FD basis selection indictor, different mechanism is used for the value of   or not. For  and eType II codebook, UE always select the first vector and indicate the other  basis. However, for mode 1, the codebook structure includes multiple TRPs. If UE still always select the first vector by phase shift for each TRP/TRP group, there will be multiple phase shift to be reported. Or, the calculated PMI by using the codebook structure will be not accurate.  Notice that only one phase shift does not have impact on system performance. For a reference TRP/TRP group, UE still report other  basis and the first vector is always selected.  While M FD bases are selected for other cooperating TRP. It can be further discussed which TRP/TRP group is regarded as a reference. For mode 2, FD basis can be selected and indicated as the legacy eType II codebook.
When , two step mechanism is used for FD basis selection. First a window with length as  is configured by gNB, where  is the number of selected FD basis. While for FD basis reporting, UE need to indicate the  first and then report the other  FD basis. Then for mTRP CJT, if up to 4 TRP will be supported, these mechanisms for both   and should be reused.
For , the discussion on how to indicate the other  basis is necessary. While for , in addition to the indication of the other  basis, it also need to discuss how to indicate the . For mode 1, per TRP/TRP group FD basis is used, thus the FD basis selection indication should be per TRP/TRP group. In this case, both the  and the other  basis should be indicated per TRP/TRP group. And both the absolute value and the relative offset can be considered. For example, for the  , relative offset can be indicated respect to a reference TRP.  While for other  basis, the same FD basis among all TRPs can be indicated first and then the different FD basis for each TRP in addition to the same FD basis will be indicated separately.  
Proposal 15: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Enhancement on W2 
As for the W2 enhancement, following agreements are archived in RAN1-110b e-meeting.
	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 the non-zero coefficients (NZC) quantization, Alt 1 needs only one SCI whose phase and amplitude is unnecessary to be reported, which can reduce the UCI payload. But the accuracy will be reduced if the phase gap or amplitude gap between different TRPs is large. Compared to Alt 1, Alt 3 need to report 2N-2 reference amplitude with high accuracy if the amplitude gap between TRPs is large. Thus we prefer to confirm the working assumption to support Alt 3.
Proposal 16：Support to confirm the 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)
Discussion on CBSR 
As for the CBSR, following agreements are archived in RAN1-112 meeting.
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource
The same rank restriction is applied across NTRP CSI-RS resources
For Rel-16 Type II codebook and Rel-17 port selection codebook, the codebook subset restriction can be configured with different bitmap for different n1-n2. While for both CJT codebook structure mode 1 and mode 2, SD basis will be selected per TRP/TRP group. And CBSR per TRP/TRP group was agreed in last RAN1 meeting. As for amplitude restriction, as same as CBSR, we prefer to support CSI-RS-resource specific and hard restriction since the difference from different TRP will be different.
Proposal 17: For amplitude restriction, support CSI-RS-resource specific and hard restriction. 
Discussion on CSI omission
As for CSI omission, the following agreement were identified in RAN1-112 meeting.
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1. Prio(,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(,l,m,n)=2L’.Q(n).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L’ denotes the max value of Ln from all selected N CSI-RS resources
· FFS: Q(n) maps the index n according to a rule, e.g., Q(n)=n, or Q(n)=0 if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
For Alt1, since CSI-RS resource is designated with the highest priority, it may drop the coefficients of higher layers. In addition, once CSI omission occurs, the remained coefficients for each TRP is limited. The benefit of CJT may be not lost. For Alt2, the coefficients of a TRP can be remained after CSI omission. But the key SD bases of some TRPs will be dropped. While Alt3 can keep the coefficients of different layers, different SD bases and different cooperation TRPs as much as possible after CSI omission. It can also be regard to the extension method of legacy CSI omission for Rel-16/17 Type II codebook. Considering the indication of FD basis reuses legacy method, we prefer to FD permutation P(.) as Rel-16-analogous.  
Proposal 18:  Alt3 is supported and FD permutation P(.) is same as Rel-16-analogous.

Conclusion
In this contribution, he CSI enhancement for high/medium UE velocities, TDCP reporting and mTRP CJT are respectively discussed. The following proposals and observations on CSI enhancement are provided.
CSI reporting enhancement for high/medium UE velocities
Proposal 1: Alt3A is supported to indication the location of non-zero coefficients, i.e.,  bits are used to indicate the location of NZC, where denotes the number of the selected FD-DD basis pairs and additional  bits are used to indicate the selected FD-DD basis pairs.
Proposal 2: Support CQI is reported in UCI part 2 and wideband CQI quantization with 4 bits and subband CQI quantitation with 2 bits.
Proposal 3: We are open for the four alternative except Alt2, i.e., Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+, and support FD permutation P(.) as Rel-16-analogous, S(q)=q.
Proposal 4: Legacy method of CBSR can be reused when N4=1. Beam restriction can be defined as  when N4>1.
 
TDCP reporting for high/medium UE velocities
Observation 1: Two TRS resource sets with delay 5 slots can obtain better TDCP measurement.
Observation 2: The estimation accuracy of Doppler shift is increased as the values Y increase.
Observation 3: When Q=4, some quantization values between 0.9 and 1 cannot be obtained if s>0.5.
Observation 4: When s=0.5, the step size between 0 and 0.6 is too larger, which may be not feasible to quantize amplitude for Y>1.

Proposal 5: For the KTRS ≥1 TRS resource set(s) in the CSI reporting setting when ReportQuantity is ‘tdcp’, we suggest
· KTRS ≥1 TRS resource set with the same QCL relationship, power control and RE location.
· periodic and aperiodic TRS resources are jointly configured when KTRS >1.
Proposal 6: When Y=1, we suggest KTRS =2 TRS resource set and the delay τ=5 slots between the two TRS resource sets.
Proposal 7: Alt3, i.e., the value of Y is UE-selected and report is supported.
Proposal 8:  The expression  can be used to quantize the amplitude for Y=1 and Y>1. 3 bits or 4 bits are used to quantize phase.  

CSI acquisition enhancement for coherent joint transmission (CJT)
Proposal 9: Support to configure more IMRs corresponding to different TRP selection for one CMR. 
Proposal 10: When Ptot< Pth,   CSI-RS resources are configured in a slot. Otherwise,   CSI-RS resources are configured in two slots. Ptot and Pth denotes the total number of CSI-RS ports and the threshold of CSI-RS ports, respectively. The value Pth can be FFS. 
Proposal 11: not support Ln = 6 for NTRP>1. 
Proposal 12: For 1 TRP, the SD-FD combinations in legacy system can be supported. While for more than 1 TRP, if the sum of number of the SD basis is not larger than 6, SD-FD combinations in legacy system can be supported. Else, the FD parameters with low value can be supported to reduce signaling overhead.
Proposal 13: For SD basis selection, support to report the combination with the lowest combination index if there are more than one combination with same values of SD basis number for the selected TRPs. 
Proposal 14: Support Alt 2 for FD basis selection for mode 1, i.e., 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
Proposal 15: The selection and indication of FD basis for codebook structure mode 1 are proposed as follows:
· M-1 FD bases are selected for a reference TRP, while M FD bases are selected for other cooperating TRPs, where M denotes the number of FD basis configured by gNB.   can be indicated per TRP/TRP group when FD basis window is configured.
Proposal 16：Support to confirm the 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)
Proposal 17: For amplitude restriction, support CSI-RS-resource specific and hard restriction.
Proposal 18:  Alt3 is supported and FD permutation P(.) is same as Rel-16-analogous.
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Appendix
Simulation assumption on TDCP reporting 
Table 1: Simulation assumption
	Parameter
	Value

	Carrier frequency and subcarrier spacing 
	3.5 GHz with 30 kHz SCS


	System bandwidth
	10MHz

	TRS bandwidth
	10MHz

	Channel model
	Alt. 1: TDL channels with uncorrelated antenna elements with first priority on TDL-A 

	Delay spread 
	100ns

	UE velocity
	10km/h, 30km/h, 60km/h, 120km/h

	Antennas at UE
	For TRS based Doppler accuracy evaluations a single UE antenna may also be used

	Antennas at gNB
	For TRS based Doppler accuracy evaluations a single gNB port may also be used.

	Link adaptation
	For TRS based Doppler accuracy: Not applicable
For mode selection performance: Adaptation of both MCS and rank. 

	Evaluation metric for Doppler based mode selection
	User throughput




Simulation results on TDCP reporting 
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Fig. A1: The estimation error of Doppler shift for different values Y at different velocities
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Fig. A2: The curves of  for different values s, Q=4
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Fig. A3: The curves of Bessel function and f(x)
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Fig. A4: The curves of f(x) and  with s=0.5 and 0.25
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