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Introduction
In RAN1#98-e, the following was agreed to specify NES techniques in spatial and power domains [1].
	Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements



In this contribution, we discuss remaining issues on network energy saving techniques in spatial and power domain and the corresponding TPs are also provided.
Spatial and power domain energy saving
CSI reference resource definition
In RAN1#114bis, one of the remaining issues is as follows [2].
	For RAN1#115:
Further discuss in the next meeting for the following case:
A UE configured with CSI report configuration with e.g. two sub-configurations (sub-config#1 and sub-config#2), each with e.g. two CSI-RS resources, none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, i.e. they are later than CSI ref. resource, the UE shall 
· Alt 1: report the CSI report, according to current spec
· Alt 2: report the CSI sub-report#2 only and drop the CSI sub-report#1 only
· Alt 3: drop the entire CSI report



In TS 38.214 [3], CSI report dropping rule related to CSI reference resource timing is shown as below.
	After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
For a CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and within the same DRX Active Time, when DRX is configured, and drops the report otherwise.



[bookmark: _Hlk136536674][bookmark: _Hlk136342384]If the UE is configured with a CSI-ReportConfig that contains a list of sub-configurations and each sub-configuration associated with more than one CSI-RS resources, the UE should have the CSI report when each of the CSI-RS resource of the sub-configuration are measured. As none of CSI-RS transmission occasions associated with sub-config#1 are before the CSI reference resource, UE does not have the update of CSI measurement for each CSI-RS resource and Alt.3 should be supported, i.e., dropping entire CSI report in case of none of the CSI-RS transmission occasions associated with one sub-configuration meeting constrain of the CSI reference resource timing. 
For simplicity, Rel-18 CSI report dropping principle on CSI reference resource timing with a CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', should be reused for network energy saving purpose, i.e., the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource.
Proposal 1: The UE report the CSI when all CSI-RS resources of each sub-configuration are measured. If none of the CSI-RS transmission occasions associated with sub-configuration is before the CSI reference resource, the entire CSI report should be dropped and Alt.3 should be supported.
[bookmark: _GoBack]Proposal 2: CSI report dropping principle of Rel-18 related to CSI reference resource timing should be reused for a CSI-ReportConfig configured with a list of sub-configurations.
Proposed TP for TS 38.214
	[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc146641064]5.2.2.5	CSI reference resource definition
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise. For a CSI-ReportConfig configured with a list of sub-configurations, provided by the higher layer parameter [csi-ReportSubConfigList], the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and drops the report otherwise.
For a CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and within the same DRX Active Time, when DRX is configured, and drops the report otherwise.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------



CSI (sub-) report dropping 
The CSI (sub-) report dropping is discussed in RAN1#114bis [2], there are remaining issues about Part 1 CSI and Part 2 wideband CSIs dropping as follows.
	For RAN1#115
· Further check whether there is any issue according to the current specification that, for the CSI mapping of a CSI report configuration having L sub-configurations, Part 2 wideband CSIs have the same priority and are dropped per sub-configuration level in the ascending order of sub-configuration index.
· Further check whether part 1 CSI can already be dropped in legacy for a CSI report configuration, and if so, then Part 1 CSIs are dropped per sub-configuration level, in the ascending order of sub-configuration index.
· Companies are encouraged to provide TPs for necessary changes.



For Type I CSI feedback, the Part 1 CSI contains RI (if reported), CRI (if reported), CQI for the first codeword (if reported) based on [3]. The UE could omit a portion of Part 1 CSI report for CSI reporting using PUCCH. It was agreed that the maximum value of sub-configuration L can be different for A-CSI, SP-CSI, and P-CSI. The resource of the CSI report and the total number of sub-configurations L and the number of CSI feedbacks N in a report configuration are configured by the gNB. The probability of CSI dropping should be minimized through the resource configuration. Therefore, Part 1 CSI dropping could be avoided through gNB configuration and implementation, e.g., L=2 for P-CSI. It is a corner case with extremely low probability for UE dropping a portion of Part 1 CSI reports. Therefore, there is no need to optimize dropping rule of Part 1 CSI. 
Proposal 3: Legacy CSI dropping rule should be reused and there is no specification impact for Part 1 CSI dropping.
When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI according to the priority order shown in Table 5.2.3-1[3]. The Part 2 wideband CSIs have the same priority based on current specification [3]. Therefore, legacy CSI priority rule for CSI dropping should be reused and there is no specification impact for CSI (sub-) report dropping of Part 2 wideband CSI.
Proposal 4: Legacy CSI priority rule for CSI dropping should be reused and there is no specification impact for Part 2 wideband CSI dropping.
Restriction on the number of ports/active resources
The following was discussed in FL issue#9 [4] of RAN1#114bis about restriction on the number of ports/active resources. 
	RAN1#114bis issue#9:
Proposal
Alt 1: Clarify that the following restriction in TS 38.214 is applied on each sub-configuration for a CSI report containing L sub-configurations:
‘If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports’
Alt 2: Extend the current total number of antenna ports to [64] ports for the CSI-RS resources within a resource set,, similar to M-TRP. This is subject to a separate UE capability.
Alt 3: No consensus to make changes to current RAN1 spec



There is a remaining issue on the restriction of the maximum number of computations related to the CSI measurements of the configured CSI-RS resource/antenna ports within a resource set for spatial domain adaption with multiple CSI sub-reports. In current specification[3], it is defined the restriction of the maximum number of channel measurements associated with the CSI-RS resource/antenna ports within a resource set for a CSI report for single and multi-TRP in clause 5.2.1.4.2 of TS 38.214 [3].
The restriction on the maximum of number of ports is used mainly for FR2. Each antenna panel in FR2 has fewer antenna ports based on gNB implementation, e.g., each antenna panel in FR2 is consisted of 2 antenna ports. Thus, the upper bond at 16 ports is not an issue for FR2. For example, each sub-configuration of spatial domain adaptation is configured as 2 antenna ports, and up to 8 sub-configurations of spatial domain adaptation could be configured which is sufficient for spatial domain adaption in FR2. In general, Type-2 SD adaptation is mainly used for FR2. So the restriction on the maximum of number of ports is not an issue for Type-2 SD adaptation. For Type 1 SD adaptation, each CSI-RS resource consists of multiple sub-configurations with maximum number of ports at 16. Therefore, it would not be impacted by the restriction. 
Proposal 5: Alt.3 with no consensus to make changes to current RAN1 specfiction should be supported for restriction on the number of ports/active resources.
Resources configured for Interference Measurement (IM)
The following was discussed in FL issue#2 [4] of RAN1#114bis and there is a remaining FFS to be discussed as follows.
	Proposal
· NZP CSI-RS resources for IM is supported for NES for both Type 1 and Type 2 SD, and/or PD adaptation without configuration of additional sub-configurations for IM
· FFS any spec impact



NZP CSI-RS resource for interference measurement is used to measure the interference of co-scheduled UEs for MU-MIMO. The configuration of NZP CSI-RS resource for CSI-IM would be used for other UE’s CSI measurement and would not increase the system overhead. The precoded NZP CSI-RS resource for CSI-IM would depend on the implementation of gNB to support MU-MIMO. Therefore, the legacy way per CSI report based NZP CSI-RS resource should be reused and has no impact on UE performance or current specification.
Proposal 6: No specification impact on NZP CSI-RS resources for IM should be supported for network energy saving.
Counting of active CSI-RS resources and antenna ports
· X value
In RAN1 #114bis, the following proposal with respect to counting of active CSI-RS resource was captured in FL summary [4].
	Proposal
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by agreed in previous meeting, and 
· X=N for AP-CSI-RS resources
· X=L for P-CSI-RS resources
· FFS: X= N or L for SP-CSI-RS resources



As discussed in RAN1#114bis, X value is related to CSI-RS resource type and X value for SP-CSI-RS resources is still FFS. According to [3], SP-CSI-RS resources for channel measurement are activated before triggering of AP-CSI report or SP-CSI report associated with the SPS-CSI-RS resources. However, for the UE, SP-CSI-RS is to have periodic CSI-RS transmission for short term channel measurements and the CSI(s) are calculated based on the N trigged sub-configuration(s) similar to that of A-CSI-RS. Thus, the counting of SP-CSI-RS resources should be same as that of A-CSI-RS resources, i.e., X=N for SP-CSI-RS resources.
Proposal 7: The counting of SP-CSI-RS resources should be same as that of A-CSI-RS resources, i.e., X=N for SP-CSI-RS resources.
Proposed TP for TS 38.214
	5.2.1.6	CSI processing criteria
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
For a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig, if a CSI-RS resource is referred by M sub-configurations among X N triggered sub-configurations corresponding to aperiodic CSI-RS resource/ semi-persistent CSI-RS resource or L configured sub-configurations corresponding to periodic CSI-RS resource, the CSI-RS resource is counted M times and the CSI-RS ports within the CSI-RS resource are counted as follows:
-	 if each sub-configuration, of the M sub-configurations, is configured with a CSI-RS antenna port subset, provided by [port-subsetIndicator], 
-	M × P if each sub-configuration, of the M sub-configurations, is configured with a list of one or more CSI-RS resources, provided by [nzp-CSI-RS-resourceList], [and/] or is configured with a power offset, provided by [powerOffset],
Where P is the number of ports configured by nrofPorts and  is the number of CSI-RS ports in sub-configuration s derived from the corresponding antenna port subset indicator [port-subsetIndicator] according to clause 5.2.1.4.2.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------



· Counting of antenna ports
For Type-1 SD adaptation and Type-2 SD/PD adaptation, the number of CSI-RS ports within the CSI-RS resources are counted as  and  respectively. In TS 38.214 [3], PD adaptation corresponds to the description of “…sub-configuration(s) …is configured with a power offset, provided by [powerOffset]”, which is not aligned with power domain adaptation only. When both a CSI-RS antenna port subset and a power offset are configured in the sub-configuration, the number of CSI-RS ports within the CSI-RS resource should be counted by  instead of . Therefore, the following TP should be adopted to avoid ambiguity of counting of CSI-RS ports for power domain adaptation. 
Additionally, according to agreement [1], “[and/]” in the “[and/] or is configured with a power offset” is redundancy and should be removed.
Proposal 8: Adopt the following TP in TS 38.214 to avoid ambiguity of counting of CSI-RS ports.
Proposed TP for TS 38.214
	5.2.1.6	CSI processing criteria
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
For a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig, if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and the CSI-RS ports within the CSI-RS resource are counted as follows:
-	 if each sub-configuration, of the M sub-configurations, is configured with a CSI-RS antenna port subset, provided by [port-subsetIndicator], 
-	M × P if each sub-configuration, of the M sub-configurations, is configured with a list of one or more CSI-RS resources, provided by [nzp-CSI-RS-resourceList], [and/] or is configured with a power offset, provided by [powerOffset], but not a CSI-RS antenna port subset.
Where P is the number of ports configured by nrofPorts and  is the number of CSI-RS ports in sub-configuration s derived from the corresponding antenna port subset indicator [port-subsetIndicator] according to clause 5.2.1.4.2.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------



Conclusion
In this contribution, network energy saving techniques in spatial and power domain are discussed. We have the following proposals:
Proposal 1: The UE report the CSI when all CSI-RS resources of each sub-configuration are measured. If none of the CSI-RS transmission occasions associated with sub-configuration is before the CSI reference resource, the entire CSI report should be dropped and Alt.3 should be supported.
Proposal 2: CSI report dropping principle of Rel-18 related to CSI reference resource timing should be reused for a CSI-ReportConfig configured with a list of sub-configurations.
Proposed TP for TS 38.214
	5.2.2.5	CSI reference resource definition
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise. For a CSI-ReportConfig configured with a list of sub-configurations, provided by the higher layer parameter [csi-ReportSubConfigList], the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and drops the report otherwise.
For a CSI-ReportConfig configured with codebookType set to 'typeII-CJT-r18' or 'typeII-CJT-PortSelection-r18', the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for each of the CSI-RS resources in the corresponding CSI-RS Resource Set for channel measurement and/or one CSI-IM occasion for interference measurement no later than the CSI reference resource and within the same DRX Active Time, when DRX is configured, and drops the report otherwise.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------



Proposal 3: Legacy CSI dropping rule should be reused and there is no specification impact for Part 1 CSI dropping.
Proposal 4: Legacy CSI priority rule for CSI dropping should be reused and there is no specification impact for Part 2 wideband CSI dropping.
Proposal 5: Alt.3 with no consensus to make changes to current RAN1 specfiction should be supported for restriction on the number of ports/active resources.
Proposal 6: No specification impact on NZP CSI-RS resources for IM should be supported for network energy saving.
Proposal 7: The counting of SP-CSI-RS resources should be same as that of A-CSI-RS resources, i.e., X=N for SP-CSI-RS resources.
Proposed TP for TS 38.214
	5.2.1.6	CSI processing criteria
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
For a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig, if a CSI-RS resource is referred by M sub-configurations among X N triggered sub-configurations corresponding to aperiodic CSI-RS resource/ semi-persistent CSI-RS resource or L configured sub-configurations corresponding to periodic CSI-RS resource, the CSI-RS resource is counted M times and the CSI-RS ports within the CSI-RS resource are counted as follows:
-	 if each sub-configuration, of the M sub-configurations, is configured with a CSI-RS antenna port subset, provided by [port-subsetIndicator], 
-	M × P if each sub-configuration, of the M sub-configurations, is configured with a list of one or more CSI-RS resources, provided by [nzp-CSI-RS-resourceList], [and/] or is configured with a power offset, provided by [powerOffset],
Where P is the number of ports configured by nrofPorts and  is the number of CSI-RS ports in sub-configuration s derived from the corresponding antenna port subset indicator [port-subsetIndicator] according to clause 5.2.1.4.2.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------



Proposal 8: Adopt the following TP in TS 38.214 to avoid ambiguity of counting of CSI-RS ports.
Proposed TP for TS 38.214
	5.2.1.6	CSI processing criteria
---------------------------------------------------- Unchanged text is omitted --------------------------------------------------------- 
For a CSI report configuration containing sub-configuration(s) indicated in a CSI-ReportConfig, if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and the CSI-RS ports within the CSI-RS resource are counted as follows:
-	 if each sub-configuration, of the M sub-configurations, is configured with a CSI-RS antenna port subset, provided by [port-subsetIndicator], 
-	M × P if each sub-configuration, of the M sub-configurations, is configured with a list of one or more CSI-RS resources, provided by [nzp-CSI-RS-resourceList], [and/] or is configured with a power offset, provided by [powerOffset], but not a CSI-RS antenna port subset.
Where P is the number of ports configured by nrofPorts and  is the number of CSI-RS ports in sub-configuration s derived from the corresponding antenna port subset indicator [port-subsetIndicator] according to clause 5.2.1.4.2.
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------
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