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1. Introduction
In RAN1#113 meeting [1], details for CSI measurement enhancement, CSI report enhancement and CSI processing issues had been agreed. In this contribution, we will further discuss the remaining issues for CSI measurement/report enhancements in spatial and power domains, including details for CPU counting, L1/L2 signaling design, CSI mapping order, CSI omission rules and how to identify the PUCCH resources for multi-CSI report, etc.
2. [bookmark: _Hlk101275836]Discussion on NES  techniques in spatial domain

2.1. CSI report enhancement in spatial domain
As agreed in RAN1#112bis-e meeeting [2] as shown below, gNB can trigger N< L sub-config CSI reports. But the details of L1/L2 signaling design for triggering sub-config CSI report, the mapping order of multiple CSIs belonging to one CSI report configuration, CSI omissions rules and some issues about PUCCH resources for multi-CSI reports haven’t been discussed. In this section, above issues will be further discussed.
	Agreement@112bis-e
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1


2.2.1 CSI processing unit counting
For multi-CSI, since the network can activate N<L of these configured CSI report sub-configurations, not all configured resources will be used for CSI calculations, so the rules of CPU occupation need to be changed. And CPU counting rules of aperiodic sub-config CSI report using A-CSI RS and periodic sub-config CSI report has been agreed as shown in the following aggrement :
	Agreement@113
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· OCPU=KS, where  Ksis the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214
Agreement@113
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· OCPU=KS, where  Ksis the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· [bookmark: _Hlk141374247]FFS: Details on active CSI-RS resource / port counting


Before discussing the number of CPUs occupied by sub-config CSI reports of different report types, it is important to determine the start and end time of the CPU occupation first.
For periodic CSI report which includes L configured sub-configs, it occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within L configured sub-configs, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
For aperiodic CSI report which includes N activated sub-configs, it occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
For the semi-static sub-config CSI report, the start timing of CPU occupation  is different because of the different activation methods.
· For initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report, it occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
· For semi-persistent CSI report on PUSCH (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) includes N activated sub-configs, it occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within N activated sub-configs, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· For semi-persistent CSI report on PUCCH includes L configured sub-configs, it occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within L configured sub-configs, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
Regarding the number of CPU occupation, the periodic sub-config CSI report and aperiodic sub-config report using A-CSI RS has been agreed.
For periodic CSI report which includes L configured sub-configs, the number of occupied CPU is , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
For Aperiodic CSI report including N activated sub-configs, whether the measured RSs are A-CSI RS, SP-CSI RS or P-CSI RS, the number of occupied CPU is . Since the aperiodic sub-config CSI reports are triggered by DCI, the CPU would have been occupied from the DCI triggering, so the UE already knows which N sub-configurations are active after receiving the DCI.
For semi-persistent CSI report on PUSCH including N activated sub-configs, the number of occupied CPU is  ，which is the same with aperiodic CSI report since both cases are triggered by DCI, i.e., the CPU occupies from the DCI triggering.
For semi-persistent CSI report on PUCCH including L configured sub-configs, the number of occupied CPU is , i.e., the number of occupied CPUs is the sum of the number of resources of the L rather than N sub-configurations. As to why the occupied CPU is related to the L configured sub-configs rather than N activated sub-configs, the following Figure 1 shows an example.


[bookmark: _Ref142120960]Figure 1:  Example of semi-persistent sub-config CSI report
In the above Figure 1, one semi-persistent CSI report referring P CSI-RS contains 6 configured sub-configs 0-5. MAC CE1 and MAC CE2 indicates different sub-configs of the same CSI report configuration. In the occasion2, MAC CE2 becomes effective and the referred RS used for sub-config 3,4,5 starts earlier than MAC CE2, which means UE has to compute the CSI for sub-config 3,4,5 before MAC CE2. If the number of occupied CPUs is , it is obviously impossible to calculate the CSI for Sub-config 3,4,5 before MAC CE2. 
Since the N activated sub-configs can varied with the MAC CE indication, and the start of CPU occupation is related to the earliest RS, there is a high probability that the reference signal to be measured is sent earlier than MAC CE indication, so a better approach would be to have the UE to continuously calculate the CSI for these L sub-configurations by default, so the number of CPU occupation is for semi-persistent CSI report on PUCCH.
The impact of adding sub-configs in the CSI framework is not only on the CPU occupation rules, but also on the active CSI-RS resource/ port counting. In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than UE reported as capability maxNumberSimultaneousNZP-CSI-RS-PerCC and totalNumberPortsSimultaneousNZP-CSI-RS-PerCC. In current spec, if a CSI-RS resource is referred N times by one or more CSI Report Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. And now L sub-configs can be configured in each CSI report configuration, if a CSI-RS resource is referred M times by L CSI report sub-configs within one CSI Report Settings (M≤L), the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted M times. Specifically, the number of occupied ports for this CSI-RS Resource can be represented as  , where means the number of ports associated with the sub-config # ( is index of the mth referred sub-config).
[bookmark: _Ref133585435][bookmark: _Ref134287163]Proposal 1: Support the following rules of occupied CSI processing units:
· CPU occupation time：
· A periodic CSI report with L sub-configs,
·  occupies CPU(s) from the first symbol  the earliest RS resource for channel or interference measurement within L configured sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· An aperiodic CSI report with sub-config(s), 
· occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
· An initial semi-persistent CSI report on PUSCH ,
· occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
· A semi-persistent CSI report on PUSCH (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report)
· occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within N activated sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· A semi-persistent CSI report on PUCCH,
· occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within L configured sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· Occupied CPU number :
· For periodic sub-config CSI report,   
· For aperiodic sub-config CSI report,   
· For semi-persistent sub-config CSI report on PUSCH, 
· For semi-persistent sub-config CSI report on PUCCH,
· Active CSI-RS resource / port counting
· if a CSI-RS resource is referred M times by L CSI report sub-configs within one CSI Report Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted M times,
· Specifically, the number of occupied ports can be represented as   , where  means the number of ports associated with the sub-config # ( is index of the mth referred sub-config)
2.2.2 CSI mapping order and priority rules
The legacy framework now has clearly defined the priority rules of different CSI reports as shown in the following equation (1). 
                               (1)
· y =0 for aperiodic CSI reports to be carried on PUSCH
· y =1 for semi-persistent CSI reports to be carried on PUSCH
· y = 2 for semi-persistent CSI reports to be carried on PUCCH 
· y = 3 for periodic CSI reports to be carried on PUCCH;
· k =0 for CSI reports carrying L1-RSRP or L1-SINR 
· k =1 for CSI reports not carrying L1-RSRP or L1-SINR;
where c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells; s is the reportConfigID and  is the value of the higher layer parameter maxNrofCSI-ReportConfigurations. 
According to the above equation, multiple sub-config CSIs belonging to the same CSI report Id may have the same priority and cannot be distinguished, so further rules need to be designed for distinguishing these CSI with the same report Id. An obvious way to do this is to list multiple sub-config CSIs belonging to the same CSI report config in the order of their sub-config Id. But exactly how it affects the current spec requires further discussion. Depending on the spec impacts, it can be categorized into the following two options.
In Opt1, the equation of CSI report priority is modified. To ensure that multiple sub-configs within the same CSI report configuration have corresponding unique priority values, a new variable needs to be additionally considered and  in 38.214 can be modified as following:
,               (2)
where  is a parameter which can be affected by the sub-config Id or the number of ports of the CSI-RS for sub-config channel measurement. And  is the maximum number of possible sub-configurations in one CSI report configuration. According to above equation (2), practically every sub-config CSI has a corresponding unique priority value. With this equation (2), it means that each sub-config CSI can be rearranged into CSI report #1, CSI report #2, …, CSI report #n.
Below you can see in detail how the mapping order and CSI dropping rules are determined in the current spec. The following Table 1 and Table 2 shows the mapping order of multiple CSI reports with two parts, and Table 3 shows the priority reporting levels for Part 2 CSI, where CSI report #1, CSI report #2, …, CSI report #n in Table 1, Table 2 and Table 3 correspond to the CSI reports in increasing order of CSI report priority values according to equation (1).
[bookmark: _Ref142472403][bookmark: _Ref142472398]Table 1: Mapping order of CSI reports to UCI bit sequence with two-part CSI report(s) in current spec
	UCI bit sequence
	CSI report number

	



…

	CSI report #1, CSI part 1

	
	CSI report #2, CSI part 1

	
	……

	
	CSI report #n, CSI part 1


[bookmark: _Ref142473033]Table 2: Mapping order of CSI reports to UCI bit sequence with two-part CSI report(s) in current spec
	UCI bit sequence
	CSI report number

	



…

	CSI report #1, CSI part 2 wideband

	
	CSI report #2, CSI part 2 wideband

	
	……

	
	CSI report #n, CSI part 2 wideband

	
	CSI report #1, CSI part 2 subband

	
	CSI report #2, CSI part 2 subband

	
	……

	
	CSI report #n, CSI part 2 subband


[bookmark: _Ref142473135]Table 3: Priority reporting levels for Part 2 CSI in current spec
	Priority 0:
Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Part 2 subband CSI of even subbands for CSI report 1

	Priority 2:
Part 2 subband CSI of odd subbands for CSI report 1

	Priority 3:
Part 2 subband CSI of even subbands for CSI report 2

	Priority 4:
Part 2 subband CSI of odd subbands for CSI report 2

	……


It is obvious from the above tables that both mapping order and priority reporting levels for Part 2 CSI are related to the priority rules of equation (1) in current spec. And in R18 NES enhancement, one CSI report configuration contains several sub-configurations, if we could further specify the corresponding priority for each sub-config CSI according to equation (2), that is, each sub-configuration CSI can be regarded as an independent CSI report #n, then the mapping order in the legacy framework as well as the priority reporting levels for Part 2 CSI may not need to change.
[bookmark: _Ref142494429]Observation 1: If each sub-config CSI has a corresponding priority value as defined in equation (2), i.e., all sub-config CSIs can be rearranged into CSI report #1, #2 ... #n according to the corresponding priority value, then the mapping order and priority reporting levels for Part 2 CSI in the current spec do not need to be changed.
                   (2)

In Opt2, the existing equation for CSI report prioritization will not be changed, but further prioritization of multiple sub-config CSIs within the same report config is required. The following Table 4 and Table 5 shows an example of the mapping order of multiple CSI report with multiple sub-config CSI reports. Assuming CSI report #1 is activated M sub-config CSI reports and CSI report#2 is activated L sub-config CSI reports...
[bookmark: _Ref142485401]Table 4: Mapping order of CSI reports to UCI bit sequence with two-part CSI report(s) for NES
	UCI bit sequence
	CSI report number

	



…

	CSI report #1, CSI sub-config report #1, CSI part 1

	
	CSI report #1, CSI sub-config report #2, CSI part 1

	
	……

	
	CSI report #1, CSI sub-config report #M,CSI part 1

	
	CSI report #2, CSI sub-config report #1, CSI part 1

	
	CSI report #2, CSI sub-config report #2, CSI part 1

	
	……

	
	CSI report #2, CSI sub-config report #L,CSI part 1

	
	……


[bookmark: _Ref142485403]Table 5: Mapping order of CSI reports to UCI bit sequence with two-part CSI report(s) for NES
	UCI bit sequence
	CSI report number and sub-config report number
	Note

	



…

	CSI report #1, CSI sub-config report #1, CSI part 2 wideband
	Wideband information

	
	CSI report #1, CSI sub-config report #2, CSI part 2 wideband
	

	
	……
	

	
	CSI report #1, CSI sub-config report #M, CSI part 2 wideband
	

	
	CSI report #2, CSI sub-config report #1, CSI part 2 wideband
	

	
	CSI report #2, CSI sub-config report #2, CSI part 2 wideband
	

	
	……
	

	
	CSI report #2, CSI sub-config report #L, CSI part 2 wideband
	

	
	……
	

	
	CSI report #1, CSI sub-config report #1, CSI part 2 even subband
	even subband CSI part 2 for CSI report #1

	
	CSI report #1, CSI sub-config report #2, CSI part 2 even subband
	

	
	……
	

	
	CSI report #1, CSI sub-config report #M, CSI part 2 even subband
	

	
	CSI report #1, CSI sub-config report #1, CSI part 2 odd subband
	odd subband CSI part 2 for CSI report #1

	
	CSI report #1, CSI sub-config report #2, CSI part 2 odd subband
	

	
	……
	

	
	CSI report #1, CSI sub-config report #M, CSI part 2 odd subband
	

	
	CSI report #2, CSI sub-config report #1, CSI part 2 even subband
	even subband CSI part 2 for CSI report #2

	
	CSI report #2, CSI sub-config report #2, CSI part 2 even subband
	

	
	……
	

	
	CSI report #2, CSI sub-config report #L, CSI part 2 even subband
	

	
	CSI report #2, CSI sub-config report #1, CSI part 2 odd subband
	odd subband CSI part 2 for CSI report #2

	
	CSI report #2, CSI sub-config report #2, CSI part 2 odd subband
	

	
	……
	

	
	CSI report #2, CSI sub-config report #L, CSI part 2 odd subband
	

	
	……
	


In Table 4 and Table 5, each CSI report #n is still listed in ascending order according to the priority value using equation (1). When multiple sub-configurations are included in each CSI report #n, the CSIs for each sub-configuration are also arranged in the specified order. One solution is to map these CSIs in the order of sub-config Id or muting pattern Id. In addition, for Type I shutdown, the number of ports of the CSI-RS corresponding to each sub-config are different, so different sub-config CSIs can be sorted in the ascending or descending order of corresponding number of ports. The following Table 6 shows the example of the CSI part 1 of CSI report #n which includes multiple sub-configs.
[bookmark: _Ref142120185][bookmark: _Ref142472390]Table 6: Mapping order of multiple CSI part1 in one CSI report #n
	CSI report number
	CSI fields
	Mapping order 1
	Mapping order 2

	CSI report #n
CSI part 1
	CRI 
	CSI part 1 of the CSI for nrofports= A
	CSI part 1 of the CSI for sub-config 0

	
	RI
	
	

	
	Wideband CQI for the first TB
	
	

	
	Subband differential CQI for the first TB 
	
	

	
	CRI 
	CSI part 1 of the CSI for nrofports=B
	CSI part 1 of the CSI for sub-config 1

	
	RI
	
	

	
	Wideband CQI for the first TB
	
	

	
	Subband differential CQI for the first TB 
	
	

	
	CRI 
	CSI part 1 of the CSI for nrofports= C
	CSI part 1 of the CSI for sub-config 2

	
	RI
	
	

	
	Wideband CQI for the first TB
	
	

	
	Subband differential CQI for the first TB 
	
	

	
	CRI 
	CSI part 1 of the CSI for nrofports= D
	CSI part 1 of the CSI for sub-config 3

	
	RI
	
	

	
	Wideband CQI for the first TB
	
	

	
	Subband differential CQI for the first TB 
	
	

	
	Zero padding bits
	
	


[bookmark: _Ref133585465][bookmark: _Ref142126438]CSI part2 for multiple sub-configs belonging to the same CSI report configuration is similar with the case of part1. The CSI part 2 for each sub-config within one CSI report #n is sorted according to its sub-config Id. Table 5 shows an example for the mapping order of CSI part2, i.e., wideband CSI part2s for all sub-configurations are most significant and are externally ordered by CSI report priority, and then each sub-config CSI is ordered by sub-config Id. Within a single CSI report #n, we prefer to prioritize even subband CSIs of all sub-configs and then odd subband CSIs as shown in Table 5. With this kind of architecture, when the uplink resource is not enough, the UE can retain as much even subband information of each sub-config CSI as possible and thus odd subband information will be firstly dropped. The motivation is that the gNB in this case would have subband PMI and CQI for ever other subband in the frequency domain and can therefore interpolate the PMI/CQI between two reported subbands to try to estimate the missing PMI/CQI values for the subband in the middle. While this will not result in perfect reconstruction, it is better than omitting entire sub-config CSI of consecutive subbands.
The following Table 7 illustrates an example for per sub-config CSI dropping. Assuming CSI report 1 includes 2 sub-config CSIs and CSI report 2 includes 3 sub-config CSIs. In this example, even subband sub-config CSI#1 in CSI report 1 has different priority level with even subband sub-config CSI#2 in CSI report 1.
[bookmark: _Ref142120365]Table 7: Priority reporting levels for Part 2 CSI
	[bookmark: _Hlk142489903]Priority 0:
Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Part 2 subband sub-config CSI#1 of even subbands for CSI report 1, if configured otherwise

	Priority 2:
Part 2 subband sub-config CSI#2 of even subbands for CSI report 1, if configured otherwise

	Priority 3:
Part 2 subband sub-config CSI#1 of odd subbands for CSI report 1, if configured otherwise

	Priority 4:
Part 2 subband sub-config CSI#2 of odd subbands for CSI report 1, if configured otherwise

	Priority 5:
Part 2 subband sub-config CSI#1 of even subbands for CSI report 2, if configured otherwise

	Priority 6:
Part 2 subband sub-config CSI#2 of even subbands for CSI report 2, if configured otherwise

	Priority 7:
Part 2 subband sub-config CSI#3 of even subbands for CSI report 2, if configured otherwise

	Priority 8:
Part 2 subband sub-config CSI#1 of odd subbands for CSI report 2, if configured otherwise

	Priority 9:
Part 2 subband sub-config CSI#2 of odd subbands for CSI report 2, if configured otherwise

	Priority 10:
Part 2 subband sub-config CSI#3 of odd subbands for CSI report 2, if configured otherwise


In addition to dropping CSI per sub-config according to parity as shown in Table 7, dropping CSIs per CSI report is another option, which means that all sub-config CSIs belonging to the same CSI report configuration have the same priority level. The following Table 8 shows an example for per CSI report dropping. In this example, CSI report2 has 3 sub-config CSIs, and even subbands of all 3 sub-config CSIs have the same priority level, and odd subbands of all 3 sub-config CSIs also have the same priority level. When omitting CSI part2 for particular priority level, the UE shall omit all of the information at that priority level. For example, when omitting part2 CSI, all of the information at priority 4 will be dropped.
[bookmark: _Ref142120378]Table 8: Priority reporting levels for Part 2 CSI
	Priority 0:
Part 2 wideband CSI for CSI reports configured otherwise

	Priority 1:
Part 2 subband sub-config CSI#1 of even subbands for CSI report 1, if configured otherwise

	Priority 1:
Part 2 subband sub-config CSI#2 of even subbands for CSI report 1, if configured otherwise

	Priority 2:
Part 2 subband sub-config CSI#1 of odd subbands for CSI report 1, if configured otherwise

	Priority 2:
Part 2 subband sub-config CSI#2 of odd subbands for CSI report 1, if configured otherwise

	Priority 3:
Part 2 subband sub-config CSI#1 of even subbands for CSI report 2, if configured otherwise

	Priority 3:
Part 2 subband sub-config CSI#2 of even subbands for CSI report 2, if configured otherwise

	Priority 3:
Part 2 subband sub-config CSI#3 of even subbands for CSI report 2, if configured otherwise

	Priority 4:
Part 2 subband sub-config CSI#1 of odd subbands for CSI report 2, if configured otherwise

	Priority 4:
Part 2 subband sub-config CSI#2 of odd subbands for CSI report 2, if configured otherwise

	Priority 4:
Part 2 subband sub-config CSI#3 of odd subbands for CSI report 2, if configured otherwise


In Table 8, multiple subband CSIs belonging to the same CSI reporting configuration have the same priority level and are dropped together when uplink resources are insufficient. Compared with Table 8, Table 7 drops CSI at a smaller granularity, which may better retain useful information to assist gNB in making energy saving decisions.
[bookmark: _Ref142494453][bookmark: _Ref142665215]Observation 2: If the current priority of CSI report will not be changed, further discuss the mapping order and priority rules of multiple sub-config CSIs within the same CSI report config,
· multiple sub-config CSI part1s can be listed in the ascending order of their corresponding sub-config Id as shown in Table 4,
· multiple sub-config wideband CSI part2s can be listed in the ascending order of their corresponding sub-config Id as shown in Table 5,
· subband CSI of even subbands of all sub-configs are prioritized over subband CSI of odd subbands of all sub-configs within one CSI report configuration as shown in Table 9.
[bookmark: _Ref142665322]Observation 3: Compared with Opt2，Opt1 has less spec impacts since only the CSI reporting priority needs to be modified.
[bookmark: _Ref142665454]Proposal 2: support multiple sub-configs within the same CSI report configuration have corresponding unique priority values, and  in 38.214 can be modified as following:
,               (2)
2.2.4 PUCCH for muti-CSI report 
CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex               OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId        OPTIONAL,   -- Need R
    nzp-CSI-RS-ResourcesForInterference     CSI-ResourceConfigId        OPTIONAL,   -- Need R
    reportConfigType                        CHOICE {
        periodic                            SEQUENCE {
            reportSlotConfig                        CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList          SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
        semiPersistentOnPUCCH               SEQUENCE {
            reportSlotConfig                CSI-ReportPeriodicityAndOffset,
            pucch-CSI-ResourceList          SEQUENCE (SIZE (1..maxNrofBWPs)) OF PUCCH-CSI-Resource
        },
…
}
For semi-persistent CSI report on PUCCH, the PUCCH resources are configured by RRC in advance as shown in the above in TS 38.331, which means each CSI report config is bound to corresponding PUCCH resource per BWP in the legacy CSI framework. when the MAC CE activates or deactivates of some of the CSI report configs, their corresponding PUCCH resources are also activated and de-activated.
However, the network is now allowed to trigger N sub-config CSI reports within one CSI report configuration via MAC CE, which may result in the PUCCH needed by the activated multiple sub-config CSI report is larger or smaller than the size of the PUCCH resources configured by RRC. Taking Figure 1 as an example, the occasion 0-3 are used for multi-CSI report, and occasion 0 only needs to bearer 2 sub-config CSIs, but occasion 3 needs to bearer 3 sub-config CSIs. So PUCCH resource may dynamically change with the activated sub-config CSI report. 
The following options can be considered to identify the PUCCH for multi-CSI report. 
Opt1: identify the PUCCH resource according to the number of activated sub-config CSI reports. For example, if one sub-config CSI report is activated, the PUCCH Resource 1 is used. And if two sub-config CSI reports are activated, the PUCCH Resource 2 is used, which means the PUCCH resource is associated with number of activated sub-config CSI reports.
Opt2: identify the PUCCH resource according to the number of bits of all activated sub-config CSI reports, which is similar to the selection of SPS PUCCH resource. This is similar with SPS PUCCH handling in legacy spec. Particularly if the UE is provided SPS-PUCCH-AN-List and transmits  UCI information bits that include only HARQ-ACK information bits in response to one or more SPS PDSCH receptions and SR, if any, the UE determines a PUCCH resource to be 
-	a PUCCH resource provided by sps-PUCCH-AN-ResourceID obtained from the first entry in sps-PUCCH-AN-List if  including 1 or 2 HARQ-ACK information bits and a positive or negative SR on one SR transmission occasion if transmission of HARQ-ACK information and SR occurs simultaneously, or
-	a PUCCH resource provided by sps-PUCCH-AN-ResourceID obtained from the second entry in sps-PUCCH-AN-List, if provided, if  where  is either provided by maxPayloadSize obtained from the second entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or
-	a PUCCH resource provided by sps-PUCCH-AN-ResourceID obtained from the third entry in sps-PUCCH-AN-List, if provided, if  where  is either provided by maxPayloadSize obtained from the third entry in sps-PUCCH-AN-List or is otherwise equal to 1706, or
-	a PUCCH resource provided by sps-PUCCH-AN-ResourceID obtained from the fourth entry in sps-PUCCH-AN-List, if provided, if  where  is equal to 1706.
Inspired by the process of UE determining the SPS PUCCH resource as shown above, the UE can also dynamically determine the PUCCH resources used for current multi-CSI report based on the total number of bits of all N activated sub-config CSI reports. For example, RRC configures a list of PUCCH resources for different cases of multi-CSI reports. When the total number of bits of multi-CSI report is in the range of interval 1, the first entry in the PUCCH resource list is used. When the total number of bits is in the range of interval 2, the second entry in the PUCCH resource list is used.
[bookmark: _Ref142126456]Proposal 3: Support RRC configuration of a PUCCH resource list for semi-persistent CSI report on PUCCH with multiple sub-configurations.
[bookmark: _Ref142126459]Proposal 4: Support UE to identify the PUCCH resource used for current multi-CSI reporting from a PUCCH resource list based on the number of activated sub-config CSI reports or the total number of bits of all N activated sub-config CSI reports.
2.2.5 L1/L2 signaling design for triggering sub-config CSI report
Before discussing how to use L1/L2 signaling trigger sub-config CSI report, it needs to be firstly clarified that how to handle the CSI corresponding to the basic/legacy configuration parameter that is not configured in sub-config list IE. And two options are listed below.
· The CSI corresponding to the basic/legacy configuration parameter that is not configured in sub-config list IE is reported in default as long as the report config is active.
· Treat the CSI corresponding to the basic/legacy configuration parameter that is not configured in sub-config list IE as sub-config 0. Whether or not to report the CSI needs to be indicated by DCI or MAC CE.
[bookmark: _Ref142494497]Proposal 5: Determine how to handle the CSI corresponding to the basic/legacy configuration parameter that is not configured in sub-config list IE before designing L1/L2 signaling for triggering sub-config CSI report.
Regarding the triggering method of the sub-config CSI report as shown in the following aggrement, the existing method of triggering the CSI report is followed. That is, the A-CSI reports are triggered by DCI, and the semi-static CSI reports are categorized into MAC CE triggering and DCI triggering according to whether they are reported in PUCCH or PUSCH.
	Agreement@113
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· [bookmark: _Hlk141280121]FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


For sub-config SP-CSI report on PUCCH, new MAC CE design can be used to trigger SP-CSI report and associated SP-sub-config CSI reports. The following Figure 2 illustrates an MAC CE for triggering sub-config CSI report. Considering UE capability hasn’t been decided, the maximum number of associated sub-configs for one CSI report configuration is assumed 4 in this example. 
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[bookmark: _Ref141363305]Figure 2: Example 1, MAC CE for triggering sub-config CSI report
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;
-	Si: This field indicates the activation/deactivation status of the Semi-Persistent CSI report configuration within csi-ReportConfigToAddModList, as specified in TS 38.331 [5]. S0 refers to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the lowest CSI-ReportConfigId within the list with type set to semiPersistentOnPUCCH, S1 to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the second lowest CSI-ReportConfigId and so on. If the number of report configurations within the list with type set to semiPersistentOnPUCCH in the indicated BWP is less than i + 1, MAC entity shall ignore the Si field. The Si field is set to 1 to indicate that the corresponding Semi-Persistent CSI report configuration shall be activated. The Si field is set to 0 to indicate that the corresponding Semi-Persistent CSI report configuration i shall be deactivated;
-	R: Reserved bit, set to 0.
-  Bij: Bij refers to the sub-configuration associated with CSI report Si.  Si0 has the lowest CSI-ReportSubConfigId, Si1 has the second lowest CSI-ReportSubConfigId and so on.
In Figure 2, each CSI reporting configuration is limited to a maximum of four associated sub-configurations, which means that the bit length corresponding to the sub-configs associated with each CSI report configuration is fixed. However, if you do not limit the number of sub-configs allowed to be associated with each CSI reporting configuration, the number of bits corresponding to the sub-configs in the MAC CE can change with the RRC configuration. The following Figure 3 shows an example 2, gNB can trigger at most 2 sub-configs {B00,B01} for CSI report S0, 4 sub-configs {B10,B12,B13,B14} for CSI report S1, 4 sub-configs {B20,B21,B22,B23} for CSI report S2 and 3 sub-configs {B30,B31,B32} for CSI report S3, i.e., the number of bits corresponding to the sub-configs in the MAC CE can be varied with the configuration of the RRC. 
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[bookmark: _Ref141366756]Figure 3: Example 2, MAC CE for triggering sub-config CSI report
For sub-config CSI report on PUSCH, a triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Taking A-CSI report as an example, different triggerStates can be configured with different CSI reporting configurations and associated sub-configurations. Sub-configurations can be configured as a list of sub-config IDs or bitmap of all associated sub-configurations. Semi-static sub-config CSI report is similar to aperiodic case, except that a semi-static triggerstate can only contain a single CSI-AssociatedReportConfigInfo.
[bookmark: _Ref142126462]Proposal 6: Modify the legacy MAC CE for triggering sub-config CSI report on PUCCH.
[bookmark: _Ref142126465]Proposal 7: Adding sub-config Id list or bitmap in CSI-AssociatedReportConfigInfo for triggering sub-config CSI report on PUSCH.
	aperiodicTriggerStateList

	CSI-AperiodicTriggerState
	CSI-AssociatedReportConfigInfo

	TriggerState0
	NO CSI Requested

	TriggerState1
	CSI-ReportConfigId1
resourceSet1
CSI-ReportSubConfigIdList(or bitmap)

	TriggerState2
	CSI-ReportConfigId1
resourceSet1
CSI-ReportSubConfigIdList (or bitmap)

	TriggerState3
	CSI-ReportConfigId2
resourceSet1
CSI-ReportSubConfigIdList (or bitmap)

	TriggerState4
	CSI-ReportConfigId2
resourceSet1
CSI-ReportSubConfigIdList (or bitmap)


[bookmark: _Ref142492321]Table 9: An example of triggerState design for A-CSI Sub-config report
2.2.6 overhead and complexity reduction for N>1
When N > 1, i.e., the UE has to report multiple CSIs in one instance, it will not only add complexity to the UE, but also increase the reporting overhead. Some companies mentioned some menthods to reduce the overhead, such as share CSI field, etc, as shown in the following aggrement.
	Agreement: For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
· further study
· whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE


Regarding the PMI correlation between different spatial adaptation patterns, we give some link-level simulation results for this. To further illustrate the spatial adaptation patterns in our simulation, we list the following illustration of different spatial adaptation modes :
· Spatial adaptation mode1 (4,4)->(4,2):


· Spatial adaptation mode2 (8,2)->(4,2) comb:


· Spatial adaptation mode3 (8,2)->(8,1):


· Spatial adaptation mode2 (8,2)->(4,2):


Figure 4  and Figure 5 shows the CDF of the correlation between PMIs with different spatial adaptation patterns (32ports&16ports, Mode1) in the same channel condition. For the case of fixed rank as shown in Figure 4, the correlation between PMIs for different spatial adaptation patterns is calculated as described in [5]. For the case of rank adaptaion as shown in Figure 5, since the RI selected for 32ports and 16ports may not be the same, the correlation calculation process is different from the fixed rank case. The correlation between different PMIs of different sizes is compared per layer and then a maximum value is taken per layer, and finally the correlation is the average of the correlations of all layers. From the following figure, it can be seen that the correlation of PMIs corresponding to different spatial adaptation patterns is not very high. 
	 [image: ]
	 [image: ]

	[bookmark: _Ref142494069]Figure 4: PMI correlation with fixed Rank
	[bookmark: _Ref142494077]Figure 5: PMI correlation with rank adaptation


[bookmark: _Ref131517078]Observation 4: In the case of fixed rank (rank=1), the probability that the PMI correlation coefficient is greater than 0.7 is about 70%. In the case of rank adaptation, the probability that the PMI correlation coefficient is greater than 0.7 is about 55%, which is not very high in a sense.
For the fixed-rank case, the following Table 10 gives the throughput performance with a 16ports PMI obtained from a 32ports PMI, compared to the case in which the actual PMI is obtained from 16 ports Codebook. To facilitate comparison, the simulation cases are listed first :
Case1: 32ports, using  derived from 32ports codebook
Case2: 16 ports, using  derived from 16ports codebook (baseline)
Case3: 16ports, using derived from  in Case1 ( and  have the same number of layers)
As can be seen from the following table, case3 has approximately a 4%-7% loss in throughput compared with case2. With higher rank, e.g., rank=2, the throughput loss becomes larger, especially for low SNR. It is expected that there is a non-neglectable throughput loss when PMI is obtained from with a larger port number PMI.
[bookmark: _Ref142412052][bookmark: _Ref131517082]Table 10 (a): Throughput loss of Case3 compared to Case2（rank=1）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	Throughput Loss (%)
	5.86
	5.82
	5.88
	5.79
	5.63
	5.23
	4.97
	4.71
	4.6
	4.2
	3.9
	Mode1

	
	4.35
	4.18
	4.25
	4.24
	4.12
	3.95
	3.78
	3.52
	3.34
	3.23
	2.93
	Mode2

	
	7.38
	6.67
	6.8
	6.44
	6.02
	5.84
	5.62
	5.17
	5.02
	4.81
	4.4
	Mode3

	
	7.58
	7.39
	7.23
	6.9
	6.52
	6.08
	5.77
	5.51
	5.06
	4.71
	4.03
	Mode4


[bookmark: _Ref131582636]Table 10 (b): Throughput loss of Case3 compared to Case2（rank=2）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	Throughput Loss (%)
	6.86
	6.81
	6.91
	6.65
	6.01
	5.82
	5.9
	5.8
	5.77
	5.91
	5.8
	Mode1

	
	7.04
	7.32
	7.33
	7.34
	6.8
	6.16
	6.03
	5.94
	5.92
	5.76
	5.46
	Mode2

	
	8.25
	8.0
	7.81
	7.55
	6.98
	6.68
	6.71
	6.54
	6.46
	6.25
	5.94
	Mode3

	
	5.89
	5.69
	5.64
	5.36
	5.12
	4.92
	4.91
	4.77
	4.7
	4.61
	4.3
	Mode4


[bookmark: _Ref132277489]Observation 5: If PMI of a spatial adaptation pattern with smaller antenna ports number is determined by the PMI of another spatial adaptation pattern with larger antenna ports number, there would be approximately at least 4%-7% loss in throughput.
For the rank adaptation case, we also compare the probability of equal rank for different spatial adaptaion patterns under different SNR with spatial adaptation mode1 as shown in the Table 11. It can be seen from the following table that the probability to have the same rank for different spatial adaptation patterns is smaller than 60% in most cases.
[bookmark: _Ref131335749]Table 11: Probability of equal rank for different spatial adaptation patterns（32ports & 16ports）
	SNR (dB)
	-3
	-2
	-1
	0
	1
	2
	3

	Probability of equal rank
	0.5294
	0.4998
	0.5042
	0.544
	0.605
	0.6624
	0.6984

	SNR (dB)
	4
	5
	6
	7
	8
	9
	10

	Probability of equal rank
	0.706
	0.683
	0.6356
	0.5864
	0.5286
	0.4758
	0.4286


[bookmark: _Ref131517085]Observation 6: Under the same channel conditions, the probability of equal RI for different spatial adaptation patterns is low, which is almost equal to 50%.
Also, in the case of rank adaptation, we compare the throughput loss brought from shared PMI. To facilitate comparison, the simulation cases are listed first:
Case1: 32ports, rank adaptation, , using  derived from 32ports codebook
Case2: 16ports, rank adaptation,, using  derived from 16ports codebook (baseline)
Case3: 16ports, rank adaptation,  (≤) corresponds to the case which has the maximum capacity among candidate RIs,  derived from 
Table 12: Throughput loss of Case3 compared to Case2（rank adaptation）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	Throughput Loss (%)
	8.51
	8.95
	9.3
	9.43
	9.09
	8.87
	9.45
	9.7
	10.46
	10.74
	11.29
	Mode1

	
	8.67
	8.95
	8.91
	8.85
	8.63
	8.11
	8.11
	8.25
	8.08
	8.48
	8.81
	Mode2

	
	9.35
	9.54
	9.3
	9.09
	9.08
	9.11
	9.46
	9.51
	9.88
	10.04
	10.37
	Mode3


To further verify whether RI can be shared for different shutdown patterns, we also compare the throughput loss caused by shared RI and shared PMI with RI adaptation. To facilitate comparison, the simulation cases are listed first :
Case1: 32ports, rank adaptation, , using  derived from 32ports codebook
Case2: 16ports, rank adaptation, , using  derived from 16ports codebook (baseline)
Case3: 16ports, shared rank as , using  derived from ( and  have the same number of layers)
From the table below, it is clear that sharing PMI and RI results in a throughput loss of nearly 10%.
Table 13: Throughput loss of Case3 compared to Case2（common RI）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	

	Throughput Loss (%)
	10.89
	10.34
	10.1
	9.91
	9.51
	9.56
	9.6
	9.89
	10.22
	11.02
	11.35
	Mode1

	
	8.19
	8.15
	7.92
	7.76
	7.74
	7.16
	7.2
	7.43
	7.2
	7.62
	7.99
	Mode2

	
	9.32
	9.1
	8.6
	8.36
	8.25
	8.43
	8.52
	8.63
	8.92
	9.05
	9.37
	Mode3


[bookmark: _Ref134286833]Observation 7: Using RI and PMI derived from a different spatial adaptation pattern may cause about 10% throughput loss.
In summary, for N>1, since multiple CSIs are jointly reported in one instance, it will increase the computation complexity of UE. In addition, if the PMI in multiple CSIs is shared, the PMI correlation between different spatial adaptation patterns is limited as seen in the above simulation. In addition, compared to the UPT and ESG gain brought by multi-CSI, there is a non-negligible throughput loss caused by shared PMI and shared RI, so whether this optimization is necessary needs further discussion.
[bookmark: _Ref133585457]Proposal 8: Reporting a shared PMI/RI value across different sub-configurations/adaptation patterns is not supported in R18.
2.2. Beam management
	Agreement@113
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement


As agreed in RAN1#113 meeting, 3 cases for beam management enhancement and 3 methods for TCI configuration enhancement will be discussed.
In spatial domain, TxRU ON/OFF means that certain RSs are deactivated and the calculation of the UL power control is related to the measurements of the DL RSs, it is inaccurate to estimate the path loss based on these deactivated signals. In addition, there is a common problem that the decrease of the measured RSRP due to spatial element adaptation may lead the UE to mistakenly believe that a beam failure or BFR failure has occurred. 
In conclusion, the above potential effects on UE can be listed as follows:
· L1-RSRP/L3-RSRP measurement
· UL power control
· Beam management, beam failure recovery, radio link monitoring
If the antenna ports used for RSRP measurement are mapped with all of TxRUs, TxRU adaptation definitely impact the RSRP computation. If the antenna ports used for RSRP measurement are mapped with a subset of TxRUs, RSRP computation can be independent of TxRU adaptation if associated TxRUs remain unchanged.
In view of the above-mentioned effects, a convenient way is that the adaptation of spatial element and power offset won’t impact the antenna ports which are used for L1-RSRP/L3-RSRP measurement, and which means the corresponding CSI-RS Resources may not be affected.
[bookmark: _Ref131238531][bookmark: _Ref142126473]Proposal 9: Support Case 3, no further work on BM enhancements.
[bookmark: _Ref142126477]Proposal 10: Support Method 3, no further work on TCI configuration enhancement.
3. Disscussion on NES techniques in Power domain 
3.1. Details of sub-config in power domain
	Agreement@112
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included
Agreement@112bis-e
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed
Agreement@112bis-e
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.


Adaptation of power offset values between PDSCH and CSI-RS is intended to enable gNB to efficiently adjust the transmission power of PDSCH transmission. Therefore, it is important for gNB to obtain the CSI with different power offset values between PDSCH and CSI-RS. In RAN1#112bis-e meeting, it has been agreed that each resource in a resource set within a resource setting can be associated with one or more power offset values. 
Each sub-config can be configured with powerControlOffset per CSI-RS resource for current sub-config CSI computation. However, there is a more convenient way to do this, in which only a delta powerControlOffset X is configured in each sub-config. Assuming the powerControlOffset values of all associated resources are increased or decreased from the original value by X when computing sub-config CSI.
[bookmark: _Ref142126480][bookmark: _Ref142665516]Proposal 11: For power domain adaptation, support each sub-config includes a delta value X, assuming the powerControlOffset values of all associated resources are increased or decreased from the original value by X when computing sub-config CSI. 
In conclusion, the following  shows the sub-config for different types of adaptation mode in R18 NES.


Figure 6: sub-configuration for different type of adaptation
	Agreement@113
Joint operation of SD and PD adaptation is supported.



Regarding the joint configuration, as agreed in RAN1#113 meeting, joint configuration of SD and PD adaptation is supported. The following Figure 7 and Figure 8 shows an example for joint sub-configuration for Type I SD + PD and joint configuration for Type II SD+PD respectively.


[bookmark: _Ref142140599]Figure 7: sub-configuration for Type I SD+PD


[bookmark: _Ref142140601]Figure 8: sub-configuration for Type II SD+PD
For the case of Type II+PD in Figure 8, it is assumed that a list of NZP-CSI-RS resources contained in the sub-config already contains the associated powerControlOffset values, so there is no need to add an additional powerControlOffset value to the sub-config. But given that the powerControlOffset value of the resource list are configured without taking the NES feature into account, and if delta is added to the sub-config, it will give more flexibility to the PD adaptation.
Both RRC parameters for spatial domain adaptation and power domain can be configured together in one sub-config, at which point it is necessary to design some rules for parameter configuration in sub-config, as well as the behaviour of the UE in interpreting these sub-config parameters. 
For example, portSubsetIndication\ RI restriction\CBSR are parameters related to Type I shutdown, and NZP-CSI-RS-ResourceList is used for sub-config CSI computation in Type II shutdown case. So, one sub-config can only be configured with the parameters for only one shutdown case.
[bookmark: _Ref131238535]Proposal 12: Design a joint framework for spatial elements adaptation and power offset adaptation.
3.2. CSI report enhancement in power domain
The CSI report framework in power domain can reuse the CSI report framework in spatial domain since SD and PD can be jointly configured within sub-configurations.
Proposal 13: For CSI report enhancement in power domain, reusing the same CSI report mechanism of spatial domain as proposed in 2.1.
4. Conclusion
In this contribution, the enhancement of CSI framework for network energy saving techniques in spatial and power domain are discussed and the following observations and proposals are summarized as follows: 
Observation 1: If each sub-config CSI has a corresponding priority value as defined in equation (2), i.e., all sub-config CSIs can be rearranged into CSI report #1, #2 ... #n according to the corresponding priority value, then the mapping order and priority reporting levels for Part 2 CSI in the current spec do not need to be changed.
                   (2)
Observation 2: If the current priority of CSI report will not be changed, further discuss the mapping order and priority rules of multiple sub-config CSIs within the same CSI report config,
· multiple sub-config CSI part1s can be listed in the ascending order of their corresponding sub-config Id as shown in Table 4,
· multiple sub-config wideband CSI part2s can be listed in the ascending order of their corresponding sub-config Id as shown in Table 5,
· subband CSI of even subbands of all sub-configs are prioritized over subband CSI of odd subbands of all sub-configs within one CSI report configuration as shown in Table 9.
Observation 3: Compared with Opt2，Opt1 has less spec impacts since only the CSI reporting priority needs to be modified.
Observation 4: In the case of fixed rank (rank=1), the probability that the PMI correlation coefficient is greater than 0.7 is about 70%. In the case of rank adaptation, the probability that the PMI correlation coefficient is greater than 0.7 is about 55%, which is not very high in a sense.
Observation 5: If PMI of a spatial adaptation pattern with smaller antenna ports number is determined by the PMI of another spatial adaptation pattern with larger antenna ports number, there would be approximately at least 4%-7% loss in throughput.
Observation 6: Under the same channel conditions, the probability of equal RI for different spatial adaptation patterns is low, which is almost equal to 50%.
Observation 7: Using RI and PMI derived from a different spatial adaptation pattern may cause about 10% throughput loss.
Proposal 1: Support the following rules of occupied CSI processing units:
· CPU occupation time：
· For periodic sub-config CSI report,
·  occupies CPU(s) from the first symbol  the earliest RS resource for channel or interference measurement within L configured sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· For aperiodic sub-config CSI report, 
· occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
· For initial semi-persistent CSI report on PUSCH ,
· occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report.
· For semi-persistent CSI report on PUSCH (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report)
· occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within N activated sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· For semi-persistent CSI report on PUCCH,
· occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within L configured sub-configs, until the last symbol of the configured PUSCH/PUCCH carrying the report.
· Occupied CPU number :
· For periodic sub-config CSI report,   
· For aperiodic sub-config CSI report,   
· For semi-persistent sub-config CSI report on PUSCH, 
· For semi-persistent sub-config CSI report on PUCCH,
· Active CSI-RS resource / port counting
· if a CSI-RS resource is referred M times by L CSI report sub-configs within one CSI Report Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted M times,
· Specifically, the number of occupied ports can be represented as   , where  means the number of ports associated with the sub-config  at reference
Proposal 2: support multiple sub-configs within the same CSI report configuration have corresponding unique priority values, and  in 38.214 can be modified as following:
,               (2)
Proposal 3: Support RRC configuration of a PUCCH resource list for semi-persistent CSI report on PUCCH with multiple sub-configurations.
Proposal 4: Support UE to identify the PUCCH resource used for current multi-CSI reporting from a PUCCH resource list based on the number of activated sub-config CSI reports or the total number of bits of all N activated sub-config CSI reports.
Proposal 5: Determine how to handle the CSI corresponding to the basic/legacy configuration parameter that is not configured in sub-config list IE before designing L1/L2 signaling for triggering sub-config CSI report.
Proposal 6: Modify the legacy MAC CE for triggering sub-config CSI report on PUCCH.
Proposal 7: Adding sub-config Id list or bitmap in CSI-AssociatedReportConfigInfo for triggering sub-config CSI report on PUSCH.
Proposal 8: Reporting a shared PMI/RI value across different sub-configurations/adaptation patterns is not supported in R18.
Proposal 9: Support Case 3, no further work on BM enhancements.
Proposal 10: Support Method 3, no further work on TCI configuration enhancement.
Proposal 11: For power domain adaptation, support each sub-config includes a delta value X, assuming the powerControlOffset values of all associated resources are increased or decreased from the original value by X when computing sub-config CSI.
Proposal 12: Design a joint framework for spatial elements adaptation and power offset adaptation. 
5. Appendix B: LLS assumption
	Parameter
	value

	Carrier frequency, SCS
	3.5GHz, 30kHz 

	Channel model
	CDL-B  100ns delay spread

	UE speed
	3 km/h

	Number of UE antennas 
	4R

	Number of gNB antennas
	32T
(M,N,P,Mg,Ng)=(8,8,2,1,1)
(dH, dV)=(0.5, 0.8)λ

	MCS
	Link adaptation

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	24

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	rank adaptation/ fixed rank

	Channel estimation
	Realistic channel estimation

	PRB Bundling
	4
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