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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with agreements agreed [1]. 
In this contribution, we discuss the CSI enhancement for CJT and mobility.
[bookmark: _Ref129681832]CSI enhancement for coherent JT
Parameter combination for Rel-17-based enhancement
	Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, 
· For =1, the Rel-17 legacy Parameter Combination is fully reused
· Regarding the combinations {M, beta}, it is proposed to reuse the legacy as below, with restriction on M=2.
	M
	beta
	Condition

	1
	½ 
	

	
	¾
	

	
	1
	

	2
	½ 
	FFS: N_trp<=3, NL=1

	
	¾ 
	FFS: N_trp<=3, NL =1


· Alpha_n combinations for  are derived from the Ln combinations for Rel-16 based refinement, where each entry in the combination is the nearest value of min{1, 2Ln/Pcsi-rs} to {1/2, ¾, 1}, .
· Note: no other dependency of combinations is introduced, such as dependency on Pcsi-rs.
· FFS: pruning on combinations

Conclusion
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, there is no consensus on introducing restriction “NTRP≤3, NL =1” for M=2. 

Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, only the following n combinations are supported (after pruning):  
	NTRP
	 combination

	2
	{1/2,1/2}

	
	{1/2,1}, {1,1/2}

	
	{3/4,3/4}

	
	{1,1}

	3
	{1/2, 1/2, 1/2}

	
	{1/2, 1/2, 3/4}, and its permutations

	
	{1/2, 1/2, 1}, and its permutations

	
	{1, 1, 1}

	

4


	{1/2, 1/2, 1/2, 1/2}

	
	{1/2, 1/2, 1/2, 1} and its permutations

	
	{1/2, 1/2, 1, 1}

	
	{1, 1, 1, 1}






Regarding parameter combinations for Rel-17-based enhancement, it may be difficult and complex to predefine linkages suitable for all  values. A simpler way is to configure {} combinations and  combinations by gNB with the restriction of .  Nevertheless, the suggested linkage of combination pairs are provided based on evaluation results. 
For NTRP=1, it is reasonable to reuse the legacy eight combos for Rel-17 FeType-II codebook. For NTRP>1, we have simulated the pairs of {αn} combinations and {M, β} combinations agreed in last meeting, assuming 32T4R with 16/32 ports, rank adaption up to 4, and 13 subbands with R=1. The result with lowest overhead is taken as baseline for each NTRP value and each port-configuration. The simulation results for PCSI-RS =16 (shown in Figure 1-3) are used as benchmark for the combination selection, to make sure that overheads related to all possible PCSI-RS values are within a reasonable range as much as possible. The results of 32-port are also provided for verification. Since M=1 is the basis feature and M=2 is optional, the {}- combo pairs for M=1 and 2 should be selected separately. The number of linkages for M=1 is almost equal to that for M=2, because M=2 is also an important feature for robustness in the presence of delay estimation uncertainty at the gNB and to reduce the number of ports needed per UE. The principle for pair selection is to select the pairs on the top-left envelop for both 16/32 port, which are linked by red dotted lines, as shown in Figure 1-3, and the maximum overhead for a certain NTRP value does not exceed that of Rel-16-based enhancement.. 
[image: ]
Figure 1. Performance v.s. overhead of {} and {M, } linkage for 16/32 ports and NTRP=2 
for Rel-17-based CJT codebook
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Figure 2. Performance v.s. overhead of {} and {M, } linkage for 16/32 ports and NTRP=3 
for Rel-17-based CJT codebook
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Figure 3. Performance v.s. overhead of {} and  {M, } linkage for 16/32 ports and NTRP=4 
for Rel-17-based CJT codebook
Based on the evaluation results, the following is proposed.
Proposal 1: For linkage between {} and  combinations for Rel-17-based refinement, adopt the following table.
	NTRP
	{}  combo
		M, beta

	
	
	1, 1/2
	1, 3/4
	1, 1
	2, 1/2
	2, 3/4

	1
	{1/2}
	
	
	
	Y
	

	
	{3/4}
	Y
	
	
	Y
	

	
	{1}
	Y
	Y
	Y
	Y
	Y

	2
	{1/2,1/2}
	Y
	
	
	Y
	

	
	{1/2,1}, {1,1/2}
	Y
	
	
	
	

	
	{3/4,3/4}
	
	Y
	
	Y
	

	
	{1,1}
	
	Y
	
	Y
	

	3
	{1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 3/4}, and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1}, and its permutations
	
	Y
	Y
	Y
	

	
	{1, 1, 1}
	
	Y
	
	Y
	Y

	4
	{1/2, 1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1/2, 1} and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1, 1}
	
	Y
	
	Y
	

	
	{1, 1, 1, 1}
	
	Y
	Y
	Y
	


Further restriction on dynamic TRP selection
	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.



RRC configured restriction for TRP selection is beneficial in terms of performance and UE complexity, not only the value N can be configured, but also the selection of TRPs can also be configured for restriction, for example, one or more TRPs can be restricted to be always selected (e.g. the one of serving TRP).
The configuration of value N can reduce the UE complexity, as the number of TRP combinations UE needs to compare is significantly reduced. Besides, from network perspective, it can be guaranteed that the number of selected CSI-RS is not too small (e.g., always N=1 is reported) due to estimation error. 
In addition, a subset of TRPs can be configured by gNB that those TRPs should  always be selected (e.g. one of serving TRP). As gNB has more information on scheduling, it’s beneficial to let gNB has flexibility on configuration, so that the channel information of some TRPs can always be fed back from UE. This restriction can also reduce the impact of CSI measuring error from UE.
Proposal 2: For UE selection and reporting of TRP, 
· support that the value N can be configured by gNB.
· support that a subset of TRPs can be configured by gNB.
W2 quantization
	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


Considering the inter-site or distributed MTRP scenario, the Alt3 scheme is beneficial when the signal strength from different TRPs may vary significantly, even more than those between polarizations. With per-TRP per-polarization amplitude group, the range of amplitude within each group is smaller and can be quantified more accurately with a limited quantization alphabet. For Alt1, the current quantization range for reference amplitude is not sufficient to cover the power difference among different TRPs, which may lead to performance loss.
The evaluation results for alternatives are shown in Figure 4, assuming inter-site CJT scenario with ISD=500m, which proves the above analysis. As shown in Figure 4, Alt 3 (Cgroup,amp=2N) outperforms Alt1 (Cgroup,amp=2) .
[image: ]
[bookmark: _Ref117938605]Figure 4. Performance gain of inter-site CJT with difference W2 quantization group scheme.
Observation 1: For inter-site CJT with large inter-site distance, Alt 3 (Cgroup,amp=2N) has better performance compared to Alt1 (Cgroup,amp=2).
EPRE assumption
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation



In the last meeting, it has been agreed to down-select from the above five alternatives on PDSCH EPRE assumption for CQI calculation. For CJT transmission, each layer should be transmitted by multiple TRPs simultaneously. When N TRPs are selected for CJT transmission, N corresponding power offsets between PDSCH with its respective CSI-RS should be considered for CQI measurement. 
The down-selection depends on the definition of EPRE offset.
· Definition 1: the EPRE ratio is that of the received PDSCH EPRE over per-TRP CSI-RS EPRE, as in 38.214 as below.
With this definition, the final PDSCH EPRE depends on the number of transmitting TRPs. For example, assuming TRP transmitting power  for CSI-RS, when a single TRP transmits, the transmitting power of PDSCH is , and the power offset is the same as configured , while when two TRPs are transmitting,  and , then the power offset is not the same as configured any more, as .
Alt 4 can be used to reduce this mismatch of power offset due to different number of TRPs.
	(38.214)
-	powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size. For CQI calculation based on a pair of NZP CSI-RS resources, powerControlOffset of each NZP CSI-RS resource in the pair of NZP CSI-RS resources for channel measurement is the assumed ratio of EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.



· Definition 2: the EPRE ratio is that of the per-TRP contribution to PDSCH EPRE over per-TRP CSI-RS EPRE, which is similar to NCJT as in 38.214 as below.
With this definition, Alt 2 is preferred. With Alt 2, the complexity is reduced as UE does not need to consider the power offset in PMI calculation, TRP selection, Ln selection processes. The power offset only needs to be considered in CQI estimation.
	(38.214)
-	The UE shall assume that the corresponding PDSCH signals for  layers transmitted on the  antenna ports of the CSI-RS resource in Group  would have a ratio of EPRE to CSI-RS EPRE equal to the powerControlOffset of the respective CSI-RS resource, for .



Proposal 3: Support Alt2 or Alt 4 for CQI calculation with corresponding assumption of EPRE ratio.
CPU and CSI computation time
	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




For single-TRP CSI measurement, the number of CPU occupied for CSI measurement equals to the number of CSI-RS resources. And for Rel-17 NCJT CSI measurement, the number of CPU occupied can be {2,3,4} depending on UE capability reporting. For both single-TRP and NCJT CSI measurement, the definition of CPU has no relationship with the codebook type, number of CSI-RS ports, and the number of L. 
Observation 2: For both single-TRP and NCJT CSI measurement, the definition of CPU has no relationship with the codebook type, number of CSI-RS ports, and the number of L.
For CJT CSI measurement, the most part of complexity of CJT CSI measurement comes from SVD operation, which is strongly related to the number of CSI-RS resources, while  has little influence on CPU occupation. And gNB does not know the selection of  out of  CSI-RS resource before UE reporting, thus the definition of the required number of CPU should be related with   only.
Observation 3: The definition of the required number of CPU should be related with   only because gNB does not know the selection of  out of  CSI-RS resource before UE reporting.
Therefore, we have the following proposal:
Proposal 4: For CJT CSI measurement, the definition of CPU should be related with the number of configured CSI-RS resource  only.
For CJT CSI measurement, UE needs to calculate the PMI/CQI based on the joint channels of multiple TRPs. The computational complexity is much high than single-TRP CSI measurement. Similar to NCJT, one way of determining the required number of CPU is that , where  can be determined by UE capability reporting. For example, high-end UEs can report  which leads to , while low-end UEs can report  which leads to .
Furthermore, the complexity of CSI calculation is non-linear with the increasing of . For example, the computational complexity of SVD is proportional to . Therefore, it is preferred that UE reports different value of  corresponding to different number of configured CSI-RS resources.
Proposal 5: Support, where  is determined by UE capability reporting corresponding to different values of . 
Due to the high UE processing complexity resulted from the CSI measurement and calculation jointly across N CSI-RS resources, especially the SVD implementation, the CSI processing time corresponding to different values of NTRP and/or different UE processing capability will become more significant compared to single-TRP CSI measuring. To accommodate UEs with different capability for CJT CSI measuring, it is reasonable to relax and refine the value CSI processing time Z/Z’. The values of  Z/Z’ can be related to NTRP or some UE capability reporting values, such as the maximum total number of CSI-RS ports or  Ltot.
Proposal 6: Support to relax and refine the values of Z/Z’, which can be related to NTRP, the maximum number of CSI-RS ports or Ltot.

CSI enhancement for mobility
Parameter combinations
	Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 
	
	
	

	
	
	
	

	4
	1/4
	1/4
	1/4 

	4
	1/4
	1/4
	1/2 

	4 (*)
	1/2
	1/4
	1/2

	4 (*)
	1/4 
	1/4 
	3/4 

	6 (*)
	1/4
	--
	1/2 

	6 (*)
	1/4 
	-- 
	3/4 


 (*) Note: From legacy. For L=6, the same restriction and UE optionality as legacy apply
· Select at most 3 additional Parameter Combinations from the list below 
	
	
	

	
	
	
	

	2
	1/8
	1/16
	1/4

	2
	1/8
	1/16
	1/2

	2(*)
	¼ 
	1/8 
	¼ 

	2 (*)
	¼ 
	1/8
	½ 

	4
	1/8
	1/16
	1/4 

	4 (*)
	¼ 
	1/8 
	1/4 


(*) Note: From legacy.
· FFS: UE feature/capability to support only a subset of Parameter Combinations

Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, in addition to the already agreed six Parameter Combinations, the following three Parameter Combinations are supported:
	
	
	

	
	
	
	

	2
	1/8
	1/16
	¼

	2 (*)
	¼ 
	1/8
	½ 

	4 (*)
	¼ 
	1/8 
	¼ 




	

	



The parameter combinations for the Rel-16 Type-II codebook refinement for high/medium velocities have been agreed in the last meeting. Regarding the refinement based on Rel-17 FeType-II regular codebook, the performance is evaluated using parameter combinations based on legacy candidate values of M, , and  as below.
· M=1, 2
· = 1/2, 3/4, 1
· = 1/2, 3/4, 1
As it has been agreed that only  (and hence Q=1) is supported, SLS evaluation is performed for different values of , , and  with N4=1 with different speeds. The legacy FeType-II codebook with parameter combination {M=1, = 3/4, = 1/2} is used as baseline.
As observed from Figure 5, the following parameter combinations are selected for v=30km/h:
· M=1, = 1/2, = 3/4
· M=1, = 3/4, = 3/4
· M=1, = 1, = 3/4
· M=1, = 1, = 1
· M=2, = 1/2, = 1/2
· M=2, = 3/4, = 1/2
· M=2, = 3/4, = 3/4
· M=2, = 1, =  3/4

[image: ]
Figure 5. Mean UPT performance gain, 32T4R, dynamic rank 4

As observed from Figure 6, the following parameter combinations are selected for v=30km/h:
· M=1, = 1/2, = 3/4
· M=1, = 3/4, = 3/4
· M=1, = 1, = 3/4
· M=1, = 1, = 1
· M=2, = 1/2, = 1/2
· M=2, = 3/4, = 1/2
· M=2, = 3/4, = 3/4
· M=2, = 1, =  3/4

[image: ]
Figure 6. Mean UPT performance gain, 32T4R, dynamic rank 4

Based on above analysis and evaluation results, we propose the following parameter combination:
Table1. Parameter combination selection for Rel-17-based refinement for high/medium mobility
	paramCombination-
FeTypeII doppler
	
	
	

	1
	1
	½
	¾

	2
	1
	¾ 
	¾ 

	3
	1
	1 
	¾ 

	4
	1
	1
	1 

	5
	2
	½ 
	½  

	6
	2
	¾
	½ 

	7
	2
	¾
	¾

	8
	2
	1 
	¾ 



[bookmark: _Hlk134779615]Proposal 7: Regarding parameter combination selection for Rel-17 FeType-II codebook refinement for high/medium velocities, support the following parameter combinations.
	paramCombination-
FeTypeII doppler
	
	
	

	1
	1
	½
	¾

	2
	1
	¾ 
	¾ 

	3
	1
	1 
	¾ 

	4
	1
	1
	1 

	5
	2
	½ 
	½  

	6
	2
	¾
	½ 

	7
	2
	¾
	¾ 

	8
	2
	1 
	¾ 



The values of Z/Z’ and CPU
	Agreement
[bookmark: _Hlk134265508]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: 
· [bookmark: _Hlk134265767]The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, UE-side prediction based on multiple CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and, when the configured N4 value is >1, DD compression (when the configured N4 value is >1) 


`
For the Type-II doppler codebook, UE needs to measure multiple CSI-RS occasions, predict the channel and calculate the PMI, which increase calculation complexity and the requirement of UE memory. Therefore, the CPU and Z/Z’ should be relaxed. In last meeting, it has been agreed that the refinement for required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports is 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)
Whether to support CSI-RS occasion(s) before CSI triggering is FFS. For an aperiodic Type-II-Doppler CSI report configured with AP CSI-RS, reusing legacy rule with CSI-RS occasion(s) after CSI triggering is straightforward and has no extra spec impact, which means K CSI-RS occasions associated with K CSI-RS resources will be measured between the end of the triggering DCI and Z’ symbols prior to the report PUSCH. For an aperiodic Type-II-Doppler CSI report configured with P/SP CSI-RS, if CSI-RS occasion(s) before CSI triggering is supported, UE needs to buffer multiple CSI-RS occasions continuously to deal with the aperiodic Type-II-Doppler CSI report that may be triggered at any time, which will increase the UE memory requirement and power consumption. 
[bookmark: _Hlk134267813][bookmark: _Hlk134267880]Therefore, for an aperiodic Type-II-Doppler CSI report configured with P/SP/AP CSI-RS, only CSI-RS occasion(s) after CSI triggering should be supported and a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH should be satisfied for the report. For AP CSI-RS, the number of CSI-RS occasions is equal to the number of CSI-RS resources. For P/SP CSI-RS, the number of CSI-RS occasions can be configured by RRC parameter.
[bookmark: _Hlk134779655]Proposal 8: For an aperiodic Type-II-Doppler CSI report configured with P/SP/AP CSI-RS, only support CSI-RS occasion(s) after CSI triggering and there should be a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH for the report.
· For AP CSI-RS, the number of CSI-RS occasions is equal to the number of CSI-RS resources. 
· For P/SP CSI-RS, the number of CSI-RS occasions can be configured by RRC parameter.
[bookmark: _Hlk134442809]Since the complexity is mainly from multiple CSI-RS occasions monitoring and DD compression, the value of Z’ and the required number of CPU can be based on the number of CSI-RS occasion(s) after CSI triggering (represent as K’) and DD compression (the configured N4 value). For simplicity, the following alternatives can be considered for definition of Z’ and the required number of CPU:
· [bookmark: _Hlk134442864]Alt1: 
· Alt2: 
[bookmark: _Hlk134442890][bookmark: _Hlk134442924]For Alt1, the specific definitions of Z’ and the required number of CPU consist of two parts. The first part  quantifies the computational complexity for CSI-RS measurement and UE-side prediction associated with the number of CSI-RS occasion(s) after CSI triggering, and the second part quantifies the computational complexity for PMI calculation associated with the value of . Alt2 is a simplified form of Alt1, which mainly quantifies the computational complexity for PMI calculation (e.g., SVD decomposition) and combined with a maximum quantization of the computational complexity for CSI-RS measurement and UE-side prediction. Furthermore, the value of  and  can be determined by UE capability.
Proposal 9: The value of Z’ and the required number of CPU are based on the number of CSI-RS occasion(s) after CSI triggering (represent as K’) and DD compression (the configured N4 value).
Proposal 10: Considering the following alternatives for Z’ and the required number of CPU:
· Alt1: , 
· Alt2: , 
· Note: the value of  and  can be determined by UE capability
[bookmark: _Hlk134443162]And the value of Z needs to consider the following:
· a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH,
· the value of Z’.
Proposal 11: the value of Z should consider:
· a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH,
· the value of Z’.

TRS-based TDCP reporting enhancement
[bookmark: _Hlk134176085][bookmark: _Hlk134176099] The value of Dbasic
	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
[bookmark: _Hlk134178762]FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)


[bookmark: _Hlk134439520][bookmark: _Hlk134439506]For TRS-based TDCP reporting, multiple values of delays have been agreed in the last meeting, while Dbasic is still FFS. Among the values of delay, the longer delay is more useful for use cases with lower speed. However, if the delay is larger than 1 slot, then UE needs to store and measure TRS among multiple TRS resource sets, which increases UE complexity. Therefore,  slot is preferable, which is friendly to UE implementation and deployment. For larger delay values, it can be supported as optional UE feature for UEs with larger buffering capability.
Proposal 12: Support =1 slot.

quantization for TDCP parameter reporting 
	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)



For TDCP phase values, the uniform quantization is more reasonable. Although the average frequency of TRS can be close to zero after delay tracking operation at the UE side, the phase difference can still be large when the Doppler spread is large. Note that the large Doppler spread cannot be compensated before TRS measurement.
With nonuniform quantization of the phase value like Alt5 or Alt6, the quantization error may be significant for large phase difference with large delay spread, which might be a common case in high-speed scenario.
Therefore, we support uniform quantization of the phase value, and Alt3 is preferred.
[bookmark: _Hlk134439464]Proposal 13: For TDCP reporting, support uniform quantization for the phase, and prefer Alt3.

Conclusions
This contribution provides our views on CSI enhancement for CJT and mobility. We have following observations and proposals.
For CSI enhancement for CJT:
Observation 1: For inter-site CJT with large inter-site distance, Alt 3 (Cgroup,amp=2N) has better performance compared to Alt1 (Cgroup,amp=2).
Observation 2: For both single-TRP and NCJT CSI measurement, the definition of CPU has no relationship with the codebook type, number of CSI-RS ports, and the number of L.
Observation 3: The definition of the required number of CPU should be related with   only because gNB does not know the selection of  out of  CSI-RS resource before UE reporting.

Proposal 1: For linkage between {} and  combinations for Rel-17-based refinement, adopt the following table.
	NTRP
	{}  combo
		M, beta

	
	
	1, 1/2
	1, 3/4
	1, 1
	2, 1/2
	2, 3/4

	1
	{1/2}
	
	
	
	Y
	

	
	{3/4}
	Y
	
	
	Y
	

	
	{1}
	Y
	Y
	Y
	Y
	Y

	2
	{1/2,1/2}
	Y
	
	
	Y
	

	
	{1/2,1}, {1,1/2}
	Y
	
	
	
	

	
	{3/4,3/4}
	
	Y
	
	Y
	

	
	{1,1}
	
	Y
	
	Y
	

	3
	{1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 3/4}, and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1}, and its permutations
	
	Y
	Y
	Y
	

	
	{1, 1, 1}
	
	Y
	
	Y
	Y

	4
	{1/2, 1/2, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1/2, 1} and its permutations
	Y
	
	
	Y
	

	
	{1/2, 1/2, 1, 1}
	
	Y
	
	Y
	

	
	{1, 1, 1, 1}
	
	Y
	Y
	Y
	



Proposal 2: For UE selection and reporting of TRP, 
· support that the value N can be configured by gNB.
· support that a subset of TRPs can be configured by gNB.
Proposal 3: Support Alt2 or Alt 4 for CQI calculation with corresponding assumption of EPRE ratio.
Proposal 4: For CJT CSI measurement, the definition of CPU should be related with the number of configured CSI-RS resource  only.
Proposal 5: Support, where  is determined by UE capability reporting corresponding to different values of . 
[bookmark: _GoBack]Proposal 6: Support to relax and refine the values of Z/Z’, which can be related to NTRP, the maximum number of CSI-RS ports or Ltot.

For CSI enhancement for mobility:
Proposal 7: Regarding parameter combination selection for Rel-17 FeType-II codebook refinement for high/medium velocities, support the following parameter combinations.
	paramCombination-
FeTypeII doppler
	
	
	

	1
	1
	½
	¾

	2
	1
	¾ 
	¾ 

	3
	1
	1 
	¾ 

	4
	1
	1
	1 

	5
	2
	½ 
	½  

	6
	2
	¾
	½ 

	7
	2
	¾
	¾ 

	8
	2
	1 
	¾ 



Proposal 8: For an aperiodic Type-II-Doppler CSI report configured with P/SP/AP CSI-RS, only support CSI-RS occasion(s) after CSI triggering and there should be a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH for the report.
· For AP CSI-RS, the number of CSI-RS occasions is equal to the number of CSI-RS resources. 
· For P/SP CSI-RS, the number of CSI-RS occasions can be configured by RRC parameter.
Proposal 9: The value of Z’ and the required number of CPU are based on the number of CSI-RS occasion(s) after CSI triggering (represent as K’) and DD compression (the configured N4 value).
Proposal 10: Considering the following alternatives for Z’ and the required number of CPU:
· Alt1: , 
· Alt2: , 
· Note: the value of  and  can be determined by UE capability
Proposal 11: the value of Z should consider:
· a sufficient number of CSI-RS occasions between the end of the triggering DCI and Z’ symbols prior to the report PUSCH,
· the value of Z’.

For TRS-based TDCP reporting enhancement:
Proposal 12: Support =1 slot.
Proposal 13: For TDCP reporting, support uniform quantization for the phase, and prefer Alt3.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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Appendix I Evaluation assumptions for coherent JT
A typical scenario of coherent joint transmission by multiple TRPs is illustrated in Figure A-1. There is a coordination TRP set (TRPs inside the black solid line as an example in the figure), a CSI measurement TRP set (TRPs within the dashed red line), and a coherent joint transmission TRP set. There’s backhaul connection for TRPs within the coordination TRP set. And the CSI measurement TRP set and joint transmission TRP set can be selected in a UE-centric way. The CSI measurement TRP set is configured by RRC based on the RSRP difference with the serving cell, such that the TRPs with strongest RSRP are included in the CSI measurement set. And each UE needs to measure the CSI of TRPs within the CSI measurement TRP set and report the measurement to gNB. Then gNB can determine coherent joint transmission TRP set for each UE depending on scheduling and CSI. The transmission TRP set is usually the same with the measurement set.
[image: ]
[bookmark: _Ref111238306]Figure A-1. Illustration of typical scenario for CJT
Evaluation assumptions for system level simulation are listed in Table A-1.
Table A-1 SLS assumptions for CJT CSI enhancement
	Parameters
	Evaluation assumptions

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	Dense Urban with 200m ISD, Outdoor2A

	Carrier frequency
	2.1GHz

	Subcarrier spacing
	15kHz

	Simulation Bandwidth
	10MHz/20MHz

	Channel Model
	TR 38.901
Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.

	BS antenna configuration
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (2,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	BS antenna height
	25m

	BS Tx power
	41 dBm for 10MHz, 44 dBm for 10MHz

	UE antenna configuration
	4RX: (M, N, P, Mg, Ng) = (1,2,2,1,1) ;

	UE antenna height & gain
	Follow TR36.873

	Modulation
	Up to 256QAM

	Coordination TRP selection
	Each UE selects N strongest TRPs based on RSRP for CJT, N = 3, inter-site CJT.

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 10 users per BS

	UE receiver
	MMSE-IRC

	MIMO mode
	MU-MIMO with rank adaptation

	Traffic model
	FTP model 1 with packet size 0.5Mbytes

	Traffic load
	50%/70% RU

	Baseline of evaluation
	Single-TRP transmission 
with Rel-17 FeType II CB



For single-TRP transmission and CJT with Rel-17 FeType II CB, the additional evaluation assumptions including duplexing gap between UL and DL, SRS modeling for UL channel estimation, and FDD DL/UL calibration error model are the same as that of the EVM assumptions in Section 4 of R1-2006973 for Rel-17 CSI enhancements.
Appendix II Evaluation assumptions for CSI mobility
Table A-2 SLS assumptions for CSI mobility enhancement
	Parameter
	Value

	Duplex, Waveform
	FDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Urban Macro, UE speed with 30/60kmph, not use Spatial consistency procedure A/B

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	BS Tx power
	41dBm

	BS antenna height
	25m

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation
	Up to 256QAM

	Coding on PDSCH
	LDPC
Max code-block size=8448bit

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS
	15kHz

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth
	20 MHz (10 MHz DL + 10 MHz UL)

	Frame structure
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank with rank1

	CSI feedback
	5 ms

	Traffic model
	FTP model 1 with packet size 0.5Mbytes

	Traffic load
	70% RU

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-17 with CSI feedback periodicity 5 ms
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