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Introduction 
[bookmark: _Ref79075308]In RAN1#114bis meeting [1], maintenance on NES techniques in special and power domains has been carried out [2], and the latest specification can be obtained by merging [3]-[6].

In this contribution, remaining issues for special and power domain adaptation for NES, as indicated in [1][2], will be discussed with suggested solutions for further decision in RAN1#115 meeting.


Remaining Issues Related to CSI Dropping or Omission
In this session, we will discuss remain issues related to CSI dropping or omission, as captured in [2]. A general principle for whether to apply sub-configuration level rule is whether the corresponding dropping or omission requires dynamic handling instead of semi-static configuration(s). For example, CSI omission can happen dynamically due to physical resource adaptation against channel fading, and semi-static configuration is not fast enough to deal with the channel fading. Applying the sub-configuration level priority for CSI omission is necessary. 

[bookmark: _Ref149967900]Observation 1: Sub-configuration level rules should apply to aspects requiring fast dynamic adaptability.

When CSI dropping is due to the timing relation of the configured CSI-RS and the CSI report occasion, the essential way to resolve the issue is change to a proper configuration. Allowing part of sub-reports is not a correct solution since the ill sub-configuration will still count number of resources and ports, meaning that UE capability is not well exploited. Accordingly, Alt 3 should be the right way forward for the following proposal.

[bookmark: _Ref149967909]Observation 2: Allowing partial sub-report CSI risks misusing UE capability, since ill-configured sub-configs still consume resources and ports. The root issue is improper configuration timing.

[bookmark: _Ref149967971]Proposal 1: UE drops the full CSI report if any sub-config's CSI-RS misses reference resource timing (e.g. Alt 3 below). This incentivizes proper configuration and avoids misusing UE capability.
	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



Whether a CSI report is dropped depends on both UE CSI processing capability limit (e.g. #active resource/ports per CC) and the CPU counting result. Currently RAN1 has been discussing new UE CSI processing capability components under NES feature (allowing UE to report larger #active resources/ports per NES CC). Also CPU counting is already in sub-configuration-level granularity, allowing gNB set proper sub-configurations according to UE limit for successful NES operation. Consequently, additional enhancement to deal with improper gNB configurations is not essential in maintenance phase.

[bookmark: _Ref149967915]Observation 3: With increased UE capabilities for NES CC(s) and per sub-config CPU counting, special handling for improper report sub-configurations violating CPU limit is not essential.
[bookmark: _Ref149967976]
Proposal 2: No need to allow part of CSI sub-reports when insufficient CPU, as proper gNB report sub-configurations should be enforced.
	Issue 7 in [2]:
…
For CPU occupation and update, discuss whether to change the definition of CPU occupation duration per each sub-configuration and allow update of CSIs at sub-report/sub-configuration level if there are not enough CPUs for processing the entire CSI report.




Regarding CSI omission on Part 2 and Part 1 when insufficient physical layer resource available due to, e.g., channel fading, dropping rule per sub-configuration level is needed to accommodate channel dynamics. 

	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 the above proposed checks, the following observations can be provided:
[bookmark: _Ref149967920]Observation 4: Sub-configuration-level omission rule for Part 2 is captured in clause 5.2.4 and 5.2.5 of TS 38.214, with lower value of [csi-ReportSubConfigID] has higher priority.
	5.2.4	CSI reporting using PUCCH, TS 38.214
…
If any of the CSI reports consist of two parts, the UE may omit a portion of Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1. For a Reporting Setting for which the CSI-ReportConfig contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for a given CSI report which contains one or more CSIs, omission of Part 2 CSI is defined in Clause 5.2.3. Part 2 CSI is omitted beginning with the lowest priority level until the Part 2 CSI code rate is less or equal to the one configured by higher layer parameter maxCodeRate.


	5.2.3	CSI reporting using PUSCH, TS 38.214
…
For a Reporting Setting for which the CSI-ReportConfig contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for a corresponding CSI report n which contains one or more CSIs, omission of Part 2 CSI is done at a sub-configuration level within the same priority level defined by Table 5.2.3-1 where a sub-configuration with an index, provided by [csi-ReportSubConfigID], with lower value has higher priority.



[bookmark: _Ref149967926]Observation 5: Report-configuration-level omission rule for Part 1 is captured in clause 9.2.5.2 of TS 38.213. Additional specification change is needed for sub-configuration-level omission rule for Part 1.
	9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR/CSI, TS 38.213
…
· else, the UE drops all Part 2 CSI reports and selects  Part 1 CSI report(s), from the  CSI reports in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR information bits where the value of  satisfies
…




Remaining Issue Related to Codebook Restriction and RRC Parameters
In RAN1#114bis [1], the following antenna port remapping is agreed:
	Agreement
· Adopt the following TP for TS 38.214 for the above agreements
5.2.1.4.2	Report Quantity Configurations
---------------------------------------------------- Unchanged text is omitted ---------------------------------------------------------
If the UE is configured with a CSI-ReportConfig that contains a list of sub-configurations, provided by the higher layer parameter [csi-ReportSubConfigList]:
· tThe UE expects to be configured with the higher layer parameter codebookType set to 'typeI-SinglePanel' or 'typeI-MultiPanel'. If the UE indicates a capability for supporting mixed codebook combination in a slot with [ABC], each sub-configuration can be configured with the higher layer parameter codebookType set to 'typeI-SinglePanel' or 'typeI-MultiPanel'. 
· -	Each sub-configuration can be configured with an antenna port subset using the higher layer bitmap parameter [port-subsetIndicator] which contains the bit sequence , where  is the MSB and  is the LSB, bit  corresponds to antenna port , and  is the number of ports nrofPorts configured for the CSI-RS resources(s) within the NZP-CSI-RS-ResourceSet contained in the CSI-ResourceConfig for channel measurement that corresponds to the CSI-ReportConfig. A bit value 0 in [port-subsetIndicator] indicates that the corresponding antenna port is disabled for the sub-configuration, whereas bit value 1 indicates that the antenna port is enabled and belongs to the antenna port subset for the sub-configuration. For the derivation of PMI, antenna ports corresponding to all bits with value of 1 in [port-subsetIndicator] are mapped to consecutive antenna ports starting at CSI-RS antenna port 3000 in increasing order of the bit position in [port-subsetIndicator]. 
---------------------------------------------------- Unchanged text is omitted -------------------------------------------------------




There can, however, arise ambiguity when N1-N2 is not explicitly included. 
[bookmark: _Ref149967931]Observation 6: With flexible port subset restriction and antenna port remapping, ambiguity can arise if codebook restriction N1-N2 not explicitly included, as illustrated in the following case.

Proposal 3: Codebook restriction N1-N2 is explicitly included in sub-configuration(s), and RRC parameter description is updated accordingly.
[image: ]
While explicit inclusion of codebook restriction is useful to avoid ambiguity, whether to configure the restriction should match to UE capability report on the optional features, including ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ and 'cri-RI-CQI' report without non-PMI-PortIndication.

[bookmark: _Ref149967998]Proposal 4: whether/which codebook restriction is included in each sub-configuration should match to UE reported support of ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ and/or 'cri-RI-CQI' report without non-PMI-PortIndication
	For RAN1#115:
For Type 2 SD adaptation or joint operation of Type 2 SD and PD adaptation, whether the list of NZP CSI-RS resources configured for a sub-configuration is identical to or has no intersection with the list of NZP CSI-RS resources configured for the other sub-configuration(s) within the same CSI-ReportConfig.
· Companies are encouraged to check the example as provided in section 2.5 in R1- 2309647

For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation, 
· ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is configured for each sub-configuration if ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is supported by UE and utilized by gNB
· if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the UE expects to be configured with higher layer parameter non-PMI-PortIndication in each sub-configuration if UE does not report support of 'cri-RI-CQI' report without non-PMI-PortIndication
· if all the sub-configurations are configured with port antenna subset indication, the codebook subset restriction, ri restriction, N1 and N2 (and Ng when applicable) should be configured separately in each sub-configuration, instead of being configured in CodebookConfig in the CSI report configuration; otherwise, the CodebookConfig should be configured as legacy in the CSI report configuration.




Finally, regarding the RRC parameter, powerOffset, for NES power domain adaptation, current wording looks too generic, and adding a postfix of ‘NES’ would clarify it specific usage for NES.
[bookmark: _Ref149968002]Proposal 5: Update RRC parameter name, powerOffset, to powerOffsetNES so as to reflect its specific use for NES power domain adaptation.


Remaining Issue Related to Resource/Port Counting and UE limit for NES

In [1][2], the following agreement and proposal are captured, and we will further discuss the subbullets of the proposal:
	Agreement@114
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
· Option 2A:  for Type 1 SD adaptation, and  for Type 2 SD or PD adaptation.
·  is nrofPorts configured in NZP-CSI-RS-Resource and  is the number of CSI-RS ports in sub-configuration s derived from port subset indication.
- It is understood that further discussions are necessary


	For RAN1#115 (Companies are encouraged to study and be ready to make decision in the next meeting)
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
· FFS: X= N or L for SP-CSI report
· Support following UE capability parameters for NES:
· simultaneous ports at least for per CC
· simultaneous resources at least for per CC 




For periodic and semi-persistent CSI-RS, using X=L configured sub-configs for the counting makes sense. Even if only a subset of sub-configs are triggered for reporting, the UE still needs to process the full set of L configured CSI-RS resources before knowing which are triggered. Basing the counting on L configured sub-configs matches this required processing.

[bookmark: _Ref149967945]Observation 7: Base P/SP CSI-RS counting on configured sub-configs since UE processes resources before knowing triggered subset.

Introducing separate UE capability parameters for simultaneous CSI-RS ports and resources per component carrier specifically for NES is beneficial. This lets the UE budget additional complexity exclusively for NES operation, instead of needing to increase generic CSI processing complexity. With dynamic spatial adaptation, NES requires flexibility in active ports and resources that dedicated NES capabilities can provide.

[bookmark: _Ref149967952]Observation 8: Separate NES capabilities for ports/resources per CC allow UE to budget extra complexity just for NES.

At the same time, maintaining the same total resources and ports across all component carriers as legacy UEs is reasonable. The work item definition targets reusing legacy capabilities, so the total limits should remain the same. Defining total resources/ports across multiple potential NES carriers would be complex. Dedicated per CC capabilities for NES sufficiently handle the flexibility needs.

[bookmark: _Ref149967957]Observation 9: Maintain total resources/ports across CCs same as legacy aligning with WID.

Finally, enabling per band reporting of the per CC NES capabilities is logical since antenna characteristics differ across frequency bands. This allows the UE to accurately indicate its capabilities in different operating bands.

[bookmark: _Ref149967961]Observation 10: Per band NES capabilities enable accurate indication across bands.
[bookmark: _Ref149968005]
Proposal 6: Update the proposal as follows to reflect the above observations:
	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
· FFS: X= N or L for SP-CSI report
· Support following UE capability parameters for NES:
· simultaneous ports at least for per CC
· simultaneous resources at least for per CC 
· per-band capability reporting





Summary
In this contribution, remaining issues related to NES techniques in spatial and power domains are discussed. In particular, we have the following observation and proposals:

Observation 1: Sub-configuration level rules should apply to aspects requiring fast dynamic adaptability.

Observation 2: Allowing partial sub-report CSI risks misusing UE capability, since ill-configured sub-configs still consume resources and ports. The root issue is improper configuration timing.

Proposal 1: UE drops the full CSI report if any sub-config's CSI-RS misses reference resource timing (e.g. Alt 3 below). This incentivizes proper configuration and avoids misusing UE capability.
	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



Observation 3: With increased UE capabilities for NES CC(s) and per sub-config CPU counting, special handling for improper report sub-configurations violating CPU limit is not essential.

Proposal 2: No need to allow part of CSI sub-reports when insufficient CPU, as proper gNB report sub-configurations should be enforced.
	Issue 7 in [2]:
…
For CPU occupation and update, discuss whether to change the definition of CPU occupation duration per each sub-configuration and allow update of CSIs at sub-report/sub-configuration level if there are not enough CPUs for processing the entire CSI report.



Observation 4: Sub-configuration-level omission rule for Part 2 is captured in clause 5.2.4 and 5.2.5 of TS 38.214, with lower value of [csi-ReportSubConfigID] has higher priority.
	5.2.4	CSI reporting using PUCCH, TS 38.214
…
If any of the CSI reports consist of two parts, the UE may omit a portion of Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1. For a Reporting Setting for which the CSI-ReportConfig contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for a given CSI report which contains one or more CSIs, omission of Part 2 CSI is defined in Clause 5.2.3. Part 2 CSI is omitted beginning with the lowest priority level until the Part 2 CSI code rate is less or equal to the one configured by higher layer parameter maxCodeRate.


	5.2.3	CSI reporting using PUSCH, TS 38.214
…
For a Reporting Setting for which the CSI-ReportConfig contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for a corresponding CSI report n which contains one or more CSIs, omission of Part 2 CSI is done at a sub-configuration level within the same priority level defined by Table 5.2.3-1 where a sub-configuration with an index, provided by [csi-ReportSubConfigID], with lower value has higher priority.



Observation 5: Report-configuration-level omission rule for Part 1 is captured in clause 9.2.5.2 of TS 38.213. Additional specification change is needed for sub-configuration-level omission rule for Part 1.
	9.2.5.2 UE procedure for multiplexing HARQ-ACK/SR/CSI, TS 38.213
…
· else, the UE drops all Part 2 CSI reports and selects  Part 1 CSI report(s), from the  CSI reports in ascending priority value [6, TS 38.214], for transmission together with the HARQ-ACK and SR information bits where the value of  satisfies
…



Observation 6: With flexible port subset restriction and antenna port remapping, ambiguity can arise if codebook restriction N1-N2 not explicitly included, as illustrated in the following case.

Proposal 3: Codebook restriction N1-N2 is explicitly included in sub-configuration(s), and RRC parameter description is updated accordingly.

[image: ]

Proposal 4: whether/which codebook restriction is included in each sub-configuration should match to UE reported support of ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ and/or 'cri-RI-CQI' report without non-PMI-PortIndication
	For RAN1#115:
For Type 2 SD adaptation or joint operation of Type 2 SD and PD adaptation, whether the list of NZP CSI-RS resources configured for a sub-configuration is identical to or has no intersection with the list of NZP CSI-RS resources configured for the other sub-configuration(s) within the same CSI-ReportConfig.
· Companies are encouraged to check the example as provided in section 2.5 in R1- 2309647

For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation, 
· ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is configured for each sub-configuration if ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is supported by UE and utilized by gNB
· if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the UE expects to be configured with higher layer parameter non-PMI-PortIndication in each sub-configuration if UE does not report support of 'cri-RI-CQI' report without non-PMI-PortIndication
· if all the sub-configurations are configured with port antenna subset indication, the codebook subset restriction, ri restriction, N1 and N2 (and Ng when applicable) should be configured separately in each sub-configuration, instead of being configured in CodebookConfig in the CSI report configuration; otherwise, the CodebookConfig should be configured as legacy in the CSI report configuration.



Proposal 5: Update RRC parameter name, powerOffset, to powerOffsetNES so as to reflect its specific use for NES power domain adaptation.

Observation 7: Base P/SP CSI-RS counting on configured sub-configs since UE processes resources before knowing triggered subset.

Observation 8: Separate NES capabilities for ports/resources per CC allow UE to budget extra complexity just for NES.

Observation 9: Maintain total resources/ports across CCs same as legacy aligning with WID.

Observation 10: Per band NES capabilities enable accurate indication across bands.

Proposal 6: Update the proposal as follows to reflect the above observations:
	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
· FFS: X= N or L for SP-CSI report
· Support following UE capability parameters for NES:
· simultaneous ports at least for per CC
· simultaneous resources at least for per CC 
· per-band capability reporting
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