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Introduction
In this contribution, CSI reporting enhancements for high/medium UE velocities, time domain channel property (TDCP) reporting and CSI acquisition enhancements for coherent joint transmission (CJT) are further discussed.
CSI reporting enhancement for high/medium UE velocities
Discussion on parameter combination for the refinement of Rel-17 port selection Type II codebook
In the RAN1#112bis e-meeting, parameter combination for the refinement of the eType-II regular codebook has been agreed. The remained issues on parameter combination for the refinement of the Rel-17 port selection (PS) Type II codebook needs to further discuss. In the RAN1#112 meeting, the following agreement on the refinement of Rel-17 PS Type II codebook were achieved [2].
	Agreement 
The Rel-18 Type-II codebook refinement for high/medium velocities comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook, with N4>=1
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the common design with the Refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations, with N4=1
· Time-/Doppler-domain reciprocity is not assumed


For the refinement of Rel-17 PS Type II codebook, only N4=1 is supported, i.e., the Doppler domain compression is not supported. When N4=1, there is no difference on CSI reporting for Rel-18 Type-II codebook refinement for high/medium velocities and Rel-17 PS Type II codebook. Hence, the legacy parameter combination of Rel-17 PS Type II codebook can be reused for Rel-18 Type II codebook.
Proposal 1: The parameter combination for refinement of the Rel-17 port selection Type II codebook reuses that of Rel-17 port selection Type II codebook.
Discussion on CSI measurement and calculation 
For CSI calculation and measurement, the following agreement were achieved in RAN1#112bis e-meeting [2].
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one
Note: This may imply that existing section 5.2.2.5 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource


One of the remained issues is the PDSCH EPRE assumption for CQI calculation. There are two alternatives on the same powerControlOffset value is assumed for all the K configured aperiodic CSI-RS resources comprising the CMR. powerControlOffset is configured per CSI-RS resource. Alt 1 reuses the legacy method to configure powerControlOffset, which does not have impact on specification compared with Alt 2. Hence, Alt 1 can be supported.
Proposal 2: On PDSCH EPRE assumption for CQI calculation, Alt1, i.e., the configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR, can be supported.
Discussion on CSI processing unit and CSI computation time
For the Type-II codebook refinement for high/medium velocities, the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports should be studied, since it refers to a CSI-RS resource burst for CSI measurement and calculation, which is different from the legacy type II codebook only adopting one CSI-RS resource comprising CMR. In [2], it was agreed that the number of CMR, CSI-RS occasion or DD compression should be considered to determine number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports as follows.
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and DD compression (when the configured N4 value is >1) 


In addition, in order to perform CSI measurement and prediction at UE side, it was also agreed that only one NZP CSI-RS resource is supported for periodic or semi-persistent CSI-RS resource, and K NZP CSI-RS resources are supported for aperiodic CSI-RS resources in [3]. Assume K CSI-RS resources in a CSI-RS burst are required to perform CSI prediction and CSI calculation. No matter which time domain behaviors of CSI-RS resource, the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports should be same for them. Hence, we just discuss the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resources/ports are respectively discussed in the following when K CSI-RS resources are referred to perform CSI measurement and prediction or CSI calculation.
· The required number and/or occupation time of CPUs
When N4=1, the differences on CPU between Rel-16/17 Type II codebook and Rel-18 Type II codebook for medium/high velocities are that UE needs to perform K times measurement and a CSI prediction based on the K CMRs for Rel-18 Type II codebook for medium/high velocities.  For CSI calculation, the CPU is same for Rel-16/17 Type II codebook and Rel-18 Type II codebook for medium/high velocities when N4=1. Hence the total number of CPU is , where  and  are respectively denoted as the required CPU of CSI measurement/prediction and CSI calculation for a future time instance.
When N4>1, it needs to perform CSI calculation for N4 future time instance compared with N4=1. Accordingly, N4 CPUs required for CSI calculation. The total number of CPU is .
The occupation time of CPU is associated with the location of CSI occasions and CSI report. If CSI occasions and CSI report are same for N4=1 and N4>1, the correspondingly occupation time of CPU is same as well. For a CSI report based on Type II codebook through PUSCH, it includes aperiodic or semi-persistent CSI report.  There is no difference on the occupation time between Rel-16/17 Type II codebook and Rel-18 Type II codebook for medium/high velocities. Hence, the legacy of occupation time for Rel-16/17 Type II codebook can be reused. I.e., the first symbol of occupation time should be from the first symbol after the PDCCH trigger. While the last symbol of occupation time is the last symbol of the scheduled PUSCH carrying the report. 
Proposal 3: The total number of CPU is , N41, where  and  are respectively denoted as the required CPU of CSI measurement/prediction and CSI calculation for a future time instance. The legacy occupation time of CPU for CSI report through PUSCH can be reused for Rel-18 Type II codebook for medium/high velocities.
· The values of Z/Z’
As provided the above discussion on CPU, multiple CSI measure/CSI prediction or multiple CSI calculation in a CSI report for Rel-18 Type II codebook are required compared with Re.-16/17 Type II codebook. Thus, larger CSI computation delay should be set for Rel-18 Type II codebook. The detail of CSI computation delay requirement can be further studied. 
Proposal 4: Compared with Rel-16/17 Type II codebook, larger CSI computation delay Z/Z’ are required for Rel-18 Type II codebook for medium/high velocities due to its more CSI measurement/predication or CSI calculation.
· The total number active/simultaneous CSI-RS resource/ports
In order to perform CSI measurement/prediction or CSI calculation, K NZP CSI-RS resources are required. For P/SP-CSI-RS resource, although there is only one P/SP resource comprising CMR, the resource is referred K times. Thus, the resource and the CSI-RS ports within the CSI-RS resource are counted K times. For A-CSI-RS resource, K CSI-RS resources are configured. But each resource is only refereed one time. So, the K CSI-RS resource and the CSI-RS ports within the K CSI-RS resources totally counted K times. 
Proposal 5: For one P/SP-CSI-RS resource, the resource and the CSI-RS ports within the CSI-RS resource are counted K times. For K A-SI-RS resources, the K CSI-RS resource and the CSI-RS ports within the K CSI-RS resources totally counted K times.
TDCP reporting
In this section, the remained issues on autocorrelation amplitude and phase quantization, TRS resource configuration and the potential value of parameter delay D or Dbasic are further discussed. 
Discussion on autocorrelation amplitude and phase quantization 
In the RAN1#112bis e-meeting, multiple alternatives on quantization of amplitude and phase are provided in [2].
	Agreement
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:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), 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

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator 
· Alt2. 3-bit (8-PSK) uniform quantization
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK 
· Exponential: legacy Rel.16 amplitude,  or 
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1 
· 
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
· Alt6. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay and p(.) denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2:      
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of 
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional)


According to email discussion, some alternatives are precluded and only two candidate alternatives were given for amplitude and phase quantization by feature leader as follows.
Offline proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overehad reduction is needed for Y>1

Offline proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
 FFS: Whether further overhead reduction is needed for Y>1

Amplitude quantization
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Fig. 1: The variation of autocorrelation amplitude for different channels or UE speeds at different lags.
In order to observe the variation of autocorrelation amplitude, the autocorrelation amplitude for different channels or UE speeds at different lags are simulated, as shown in Fig.1. The simulation assumption can be found in Table 1 of Appendix 7.1. We can see that the variation range of amplitude is in the interval [0,1]. Note that some autocorrelation values are negative. The reason is that the absolute value for  is not used during the simulation, where  and  is the channel for subcarrier n. Therefore, the corresponding quantization range should be in the interval [0,1].
In Fig.2., the quantization value of amplitude for Alt 1 and Alt 3 are provided. We can see that the quantization range for Alt 1 is in the interval [0,1]. While the minimum quantization value for Alt 3 is more than larger zero. E.g., the minimum value is equal to 0.4 when s=3/4 for Alt 3. This implies that quantization value is always equal to 0.4 when the amplitude is smaller than 0.4, which results lager quantization error. Thus, Alt 1 should be supported to quantize amplitude. 
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Fig. 2: The amplitude quantization of Alt 1 and Alt3 for different s values.
Observation 1: The variation range of amplitude is in the interval [0,1].
Phase quantization
Alt3 is uniform quantization, which fully reuses the legacy quantization method of phase combination coefficients for Rel-16 Type II codebook.  While Alt 5 is exponential quantization. If the phase variation is randomized with uniform distribution, Alt 3 should be adopted. Otherwise, Alt 5 can be supported. Usually, the phase is varied with randomization and uniform. Hence, Alt 3 should be supported to quantize phase.  
Assume that Y=4 amplitude and phase are required to reported. Each amplitude and phase are quantized with 5 bits and 4 bits, respectively. So, the total overhead is 36 bits. In addition, TDCP is reported with aperiodicity. It should be affordable for a TDCP reporting with 36 bits. Based above discussion, the following proposal is given.
Proposal 6: On the amplitude and phase quantization, we suggest 
· Alt1: N=2Q-1 where Q=5, s=1/3 should be supported for amplitude quantization.
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization) should be supported for phase quantization. 
· It is not necessary to perform further overhead reduction for amplitude and phase quantization since TDCP is aperiodic CSI report and limited overhead, e.g., total 36 bits overhead when Y=4.
Discussion on TRS resource configuration 
In [2], the following agreements on TRS resource configuration were identified. 
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· All the TRS resources in the configured resource set(s) share the same RE locations
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, slot offset between TRS resource set(s), relation with resource set used for legacy usage  

Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
[bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets


In current specification, joint use of periodic and aperiodic TRS resources set has been supported for time-frequency tracking.  When KTRS >1 resource sets configuration are required to measure or calculate TDCP, it is straightforward that joint use of periodic and aperiodic TRS resources set has been supported for TDCP reporting. This does not introduce additional specification impact. In addition, aperiodic TRS resource set configuration is more flexible compared with periodic TRS resource set configuration, since aperiodic TRS resource set configuration makes the slot offset between TRS resource sets can be equal or unequal. Hence, the joint use of periodic and aperiodic TRS resource set should be supported for TDCP measurement and calculation.
Proposal 7: The joint use of periodic and aperiodic TRS resource set should be supported for TDCP measurement and calculation. 
In order to track finer time/frequency synchronization, at least a periodic TRS resource set is configured. Such resource set can be reused to measure and calculate TDCP, especial when KTRS=1. It does not need to configure additional TRS resource set, which saves the overhead of TRS resource configuration. Even KTRS>1, the TRS resource set which used for finer time/frequency tracking can still be adopted for TDCP reporting in order to save the overhead of TRS resource configuration.  
The slot offset between TRS resource sets can be uniform or non-uniform. It can be determined according to TRS resource set configuration. In our view, compared with uniform slot offset, non-uniform slot offset helps to obtain accurate Doppler information. Since the report number of amplitude Y is limited, e.g., Y=4, this makes the estimated Doppler spectrum is not accurate.  Assume lager value Y=7 is supported to address the issue, the report overhead will be significantly increased. We suggest non-uniform slot offset between TRS resource sets should be supported. 
In order to calculate more accurate autocorrelation, it has better the KTRS >1 TRS resource sets have the same power control in additional same QCL relationship and same RE location.
Proposal 8: On the TRS resource configuration, we suggest
· At least one TRS resource for legacy usage should be used for TDCP measurement and calculation. 
· Non-uniform slot offset between TRS resource sets is supported.
· KTRS >1 TRS resource sets have the same power control.
According to above agreement, all TRS resource sets share a same QCL-Type-A/C or Type D. The RE location of all CSI-RS resources in KTRS resource sets are same. According to the auto-correlation calculation, it just needs to estimate the channel of different subcarriers or different delays. It does not matter whether the channel is estimated by one or more than one TRS resource sets. For a TRS resource set, it has supported that the antenna port for all the CSI-RS resources in the resource set is same in current specification. For more than one TRS resource sets, it is not necessary for UE to assume the same antenna port for the CSI-RS resources in these resource sets, since UE will use the them to estimate channel no matter whether the ports of all TRS resource sets are same or not, and UE assumes they share a same QCL-Type-A/C or Type D. In addition, it has agreed that no further spec enhancement on TRS is supported. If UE should assume the same antenna port for the CSI-RS resources in all the resource sets, it violates the agreement.
Observation2: The same antenna port for the CSI-RS resources in all the resource sets violates the agreement on no supporting further enhancement on TRS.
Proposal 9: It is not necessary that UE should assume the same antenna port for the CSI-RS resources in all the resource sets.
Discussion on parameter of delay D and Dbaisic. 
In [2], the agreements on parameter delay D, Dbasic and Y were identified. 
	Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, the value of Y is gNB-configured via higher-layer (RRC) signalling

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
FFS: Whether Y=7 is also supported.


In order to determine the value of delay value of D or Dbasic , we simulate the delay of adjacent TRS resource burst and the number of TRS resource bursts at different velocities. As shown in Fig.3, 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, i.e., KTRS = N. For lower speed users, larger delay values, e.g., 6 or 10 slots can obtain the better accuracy of codebook switching. Hence, the working assumption for D=6 or 10 slots can be confirmed. 
Larger Dbasic will consume more memory buffer. But it helps to estimate better Doppler information especially for lower speed users. Therefore, in order to determine the values Dbasic, the tradeoff between Doppler estimation performance and buffer consumption should be considered. 

Fig.3: The accuracy of Type I and Type II codebook switching for different number of TRS bursts N with different Delay values and different velocities
Proposal 10: On the parameter of Delay D and Dbasic, we suggest to
· Determine the values Dbasic considering tradeoff between Doppler estimation performance and buffer consumption. 
· Confirm the working assumption, i.e., the delay values 6 or 10 slots is supported.
CSI acquisition enhancement for coherent joint transmission (CJT)
CSI measurement and calculation
EPRE assumption
For EPRE assumption, the following agreement were archived in RAN1-112b e-meeting.
Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· [bookmark: _GoBack]For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation
Alt 2 can reflect the PDSCH EPRE in CQI calculation accurately, and it is simple for both gNB implementation and UE implementation. Thus we prefer Alt 2.
Proposal 11:  Support Alt 2 with following a commonly configured powerControlOffset value for all the N selected CSI-RS resources.  
Further restriction on dynamic TRP selection
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 [5] and RAN1-110 meeting [4].
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.
 For EPRE parameter combination and TRP selection, the following agreement were archived in RAN1-112b e-meeting.
Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based
· For NTRP =1, 
· fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages
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Conclusion
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, for NTRP>1, in addition to the supported SD combinations/permutations, there is no consensus on supporting at least one additional combination where at least one of the Ln values (n=1, …, NTRP) is 6

Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for NTRP =1, in addition to the already agreed seven Parameter Combinations, support the following Parameter Combination (based on legacy Parameter Combination #6): L=4, {pv;b}={ ½, ½, ¼ , ¼; ½ }

Conclusion
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, no additional configuration signalling for indicating the linkage is needed. Per previous agreements (RAN1#111 and 112):
· “The single value of {pv,b} is gNB-configured via higher-layer (RRC) signalling”
· “The set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signalling”
Such configuration shall be according to the supported/agreed linkages.
According to the table with supported linkage between SD basis combo, FD combo and beta, we can see that there are some linkage were not supported.  It means that for some FD combo and beta, if the SD combo is not supported, such TRP selection should be restricted. For example, of the number of TRP is 2 and the SD comno is {4,4}, the FD combo and beta is {1/8, 1/8, 1/16, 1/16} and 1/2, or the FD combo and beta is {1/2, 1/2, 1/2, 1/2} and 1/2, the TRP selection should be restricted. Since if it is allowed, only one TRP will be selected, but the linkage is not supported for one TRP. In such cases, it can be configured by gNB to inform the restriction N= NTRP. But for the case of FD combo and beta is {1/8, 1/8, 1/16, 1/16} and 1/2, if the number of TRP is configured to 4, it is allowed for UE to select 2 or 3 TRP, but not allowed to select 1 TRP. In this case, simple restriction is not sufficient. Thus UE behavior should be defined to avoid such error case.
In addition, dynamic switching between CJT and STRP should be supported based on UE capability. If the UE can’t support dynamical switching between CJT and STRP, when the number of TRP configured by gNB is more than 1, UE can’t select only one TRP.
Proposal 12:  Restrict TRP selection to only select the supported SD combo for the configured {pv,b}.  
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. 
CPU and Z/Z’
As for the CPU and Z/Z’ for CJT, following agreements are archived in RAN1-112b e-meeting.
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
Note: The fall-back of gNB configuring NL=1 is supported
Since gNB can configure NTRP CSI-RS resources in one CMR for CJT, it is difficult to decide the CPU and Z/Z’ based on the selected N CSI-RS resource. We suggest to decide the CPU and Z/Z’ based on the number of configured NTRP CSI-RS resources.
In addition, since NTRP =1 is also supported, it is straightforward to reuse the legacy value in this case.
Proposal 14: The required number of CPUs and the values of Z/Z’ can be decided based on the number of configured NTRP CSI-RS resources and the legacy value can be reused when NTRP =1. 

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 15：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)
 
Conclusion
In this contribution, the CSI enhancement for high/medium UE velocities, TDCP reporting and mTRP CJT are respectively further discussed. The following proposals on CSI enhancement are provided.
CSI reporting enhancement for high/medium UE velocities
Proposal 1: The parameter combination for refinement of the Rel-17 port selection Type II codebook reuses that of Rel-17 port selection Type II codebook.
Proposal 2: On PDSCH EPRE assumption for CQI calculation, Alt1, i.e., the configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR, can be supported.
Proposal 3: The total number of CPU is , N41, where  and  are respectively denoted as the required CPU of CSI measurement/prediction and CSI calculation for a future time instance. The legacy occupation time of CPU for CSI report through PUSCH can be reused for Rel-18 Type II codebook for medium/high velocities.
Proposal 4: Compared with Rel-16/17 Type II codebook, larger CSI computation delay Z/Z’ are required for Rel-18 Type II codebook for medium/high velocities due to its more CSI measurement/predication or CSI calculation.
Proposal 5: For one P/SP-CSI-RS resource, the resource and the CSI-RS ports within the CSI-RS resource are counted K times. For K A-SI-RS resources, the K CSI-RS resource and the CSI-RS ports within the K CSI-RS resources totally counted K times.

TDCP reporting for high/medium UE velocities
<Observation>
Observation 1: The variation range of amplitude is in the interval [0,1].
Observation2: The same antenna port for the CSI-RS resources in all the resource sets violates the agreement on no supporting further enhancement on TRS.

<Proposal>
Proposal 6: On the amplitude and phase quantization, we suggest 
· Alt1: N=2Q-1 where Q=5, s=1/3 should be supported for amplitude quantization.
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization) should be supported for phase quantization. 
· It is not necessary to perform further overhead reduction for amplitude and phase quantization since TDCP is aperiodic CSI report and limited overhead, e.g., total 36 bits overhead when Y=4.
Proposal 7: The joint use of periodic and aperiodic TRS resource set should be supported for TDCP measurement and calculation. 
 Proposal 8: On the TRS resource configuration, we suggest
· At least one TRS resource for legacy usage should be used for TDCP measurement and calculation. 
· Non-uniform slot offset between TRS resource sets is supported.
· KTRS >1 TRS resource sets have the same power control.
Proposal 9: It is not necessary that UE should assume the same antenna port for the CSI-RS resources in all the resource sets, and assume the same antenna port for the CSI-RS resources in all the resource sets violates the agreement on no supporting further enhancement on TRS.
Proposal 10: On the parameter of Delay D and Dbasic, we suggest to
· Determine the values Dbasic considering tradeoff between Doppler estimation performance and buffer consumption. 
· Confirm the working assumption, i.e., the delay values 6 or 10 slots is supported.

CSI acquisition enhancement for coherent joint transmission (CJT)
Proposal 11:  Support Alt 2 with following a commonly configured powerControlOffset value for all the N selected CSI-RS resources.  
Proposal 12:  Restrict TRP selection to only select the supported SD combo for the configured {pv,b}.  
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: The required number of CPUs and the values of Z/Z’ can be decided based on the number of configured NTRP CSI-RS resources and the legacy value can be reused when NTRP =1. 
Proposal 15：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)
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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
	TDL-A  and CDL-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



SNR=10dB

3km/h N=2	1	2	3	4	5	6	7	8	9	10	3.2000000000000001E-2	0.498	0.78800000000000003	0.89800000000000002	0.95399999999999996	0.96799999999999997	0.97799999999999998	0.97799999999999998	0.98199999999999998	0.98199999999999998	5km/h N=2	1	2	3	4	5	6	7	8	9	10	3.4000000000000002E-2	0.42199999999999999	0.63	0.74399999999999999	0.79200000000000004	0.81599999999999995	0.84799999999999998	0.85399999999999998	0.86	0.86399999999999999	20km/h N=2	1	2	3	4	5	6	7	8	9	10	1	0.99199999999999999	0.97199999999999998	0.96599999999999997	0.95799999999999996	0.95599999999999996	0.96	0.96599999999999997	0.97199999999999998	0.97399999999999998	30km/h N=2	1	2	3	4	5	6	7	8	9	10	1	1	0.998	0.998	0.998	0.996	0.996	0.996	0.996	1	3km/h N=3	1	2	3	4	5	6	7	8	9	10	3.3000000000000002E-2	0.51349999999999996	0.77180000000000004	0.90390000000000004	0.94289999999999996	0.96399999999999997	0.97599999999999998	0.97899999999999998	0.98499999999999999	0.98799999999999999	5km/h N=3	1	2	3	4	5	6	7	8	9	10	2.7E-2	0.41139999999999999	0.62160000000000004	0.73870000000000002	0.81079999999999997	0.82279999999999998	0.8468	0.8589	0.8649	0.87090000000000001	20km/h N=3	1	2	3	4	5	6	7	8	9	10	0.997	0.98799999999999999	0.98499999999999999	0.99099999999999999	0.98799999999999999	0.997	0.997	0.997	1	1	30km/h N=3	1	2	3	4	5	6	7	8	9	10	1	1	1	1	1	1	1	1	1	1	delay D (slot)


Accuracy of switching
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