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Introduction
In the RAN #116 meeting, the listed agreement in the appendix was achieved for common signal/channel adaptation [1]. 
In this contribution, we further share our views on adaptation of common signal/channel transmission.
Discussion on the network operation of supporting UEs of different RRC states
As described in the 3rd objective in the WID [2], the adaptation of common signal/channels is confined in time domain and covers SSB, PRACH and paging.
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 


  
In the WID, the scope of the RRC states is not explicitly mentioned, although SSB, PRACH and paging serve both connected and idle/inactive UEs. Network is aware of which and how many connected UEs should be interacting with network for the adaptation. Network is not aware of which and how many idle/inactive UEs are there under coverage, unless network limit the tracking area (TA) to per cell level. In order to keep current deployment flexibility, we don't assume such deployment restriction of TA. Therefore, the NES operation can be different among following cases:
· When only connected UEs are served in the cell
· When only idle/inactive UEs may be camped on the cell
· When connected UE are served and idle/inactive UEs may camped on the cell. 
In order to obtain the best balance of the trade-off between the access/service latency and the length of gNB sleeping time for NES (network energy saving), we propose all RRC states UEs should be taken into account.

Proposal 1: All RRC states are supported for common signal/channels adaptation.
Discussion on single cell and multi-cell operation
As mentioned by the note in the 3rd objective, there shall be no negative impact to legacy UEs, unless significant benefits are shown. Then the impact for legacy UEs should be considered when designing the adaptation feature.
· If we assume single cell operation, for legacy UEs to access, the SSB, PRACH and paging resource should always be periodically available as network is not aware of which and how many idle/inactive UEs are under coverage. NES gain is limited to the periodicity of these transmission configured for legacy UEs, although new release UEs can use separately configured resources which can be adaptive. If network configures larger periodicity beyond current specification for NES gain like more than 160 ms, backward compatibility is the issue.
· If we assume multi-cell operation, similar as discussed in our companion contributions [2] [3], legacy UEs can access the cell A which is not adapting the common signal/channels resource. The adaptation of the common signal/channels resource can be applied to NES Cell, which is different from cell A. New release UEs can access both cell A and NES Cell. One possibility is NES Cell serves only connected UEs as network is aware of which and how many connected UEs should be interacting with network for the adaptation. This maximizes NES gain. The other possibility is NES Cell serves both idle/inactive and connected UEs of new release. The periodicity of common channels for idle/inactive is extended sufficiently large to obtain NES gain. Note that when NES Cell is not intended to maximize NES gain, it can be operated to support legacy idle/inactive UEs although reverting back to obtain NES gain can be slow as reselection of the mobility for legacy idle/inactive UEs is required.

Our view, at this moment, is that more unified signaling and procedure framework should be considered for all the agenda items within the WI. This facilitates the deployment of the NES features for more realistic merit by adapting more signals/channels and alleviates the load of standardization efforts, although we see the separate discussion is need initially for better understanding of the scenarios and system operation.

Proposal 2: To avoid impact to legacy UEs, for common signal/channel adaptation, multi-cell operation should be taken to accommodate also other NES features within this WI. One cell supports all RRC states and the other cell for maximizing NES gain is for new release UEs.

On SSB adaptation
On SSB adaptation, below agreement was achieved.
	Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded



Although there are quite some options for potential SSB adaptation enhancement on the table, to manage the design with less specification impact and limited TU, the SSB structure (PSS/SSS/PBCH) should not be changed.
Proposal 3: SSB channel structure (PSS/SSS/PBCH) should not be changed.

On the other hand, the below changes can be regarded as within the scope should be discussed if legacy UEs are not served/camped:
· The pattern within a SSB burst is changed. We understand that adapting the number of SSBs within a SSB burst is potentially for either time domain or spatial domain adaptation.
· For spatial domain adaptation, number of SSB beams and pattern of SSB beams within a burst are adaptive due to the antenna spatial elements are switching ON/OFF. In our view, this would be out of the scope as we only specify time domain adaptation in this agenda item.
· For time domain adaptation, in order to obtain longer continuous sleeping slot, there is no merit to support flexible SSB pattern within a burst. The meaningful adaptation for NES gain should be limited to only continuous SSBs, e.g., the adaptation between 2 SSBs of 11000000, 4 SSBs of 11110000 and 8 SSBs of 11111111.
· New SSB burst periodicity value(s). Legacy SSB only support up to 160 ms SSB burst periodicity. Although larger values may benefit the NES gain, the SSB measurement accuracy and latency would be impacted. The performance and usefulness need further RAN4 TU to check in our view. Thus, our preference is not to extend the SSB burst periodicity.
· New SSB burst non-uniform patterns. One adaptation mechanism is aadaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration. In our understanding, such SSB skipping has limited benefits on NES gain in terms of the additional sleeping time of gNB, compared with SSB burst periodicity adaptation. For more NES gain, it needs frequent and dynamic SSB skipping indication from gNB for all the RRC CONNECTED and IDLE/INACTIVE mode UEs, which leads to large system control overhead. Furthermore, this operation is an opposite scheme with the on-demand SSB in 9.5.1. So in terms of functionality, they are mutually complementary and no need to be both supported. Therefore, in our view, skipping/transmitting some SSB bursts non-uniformly with single SSB configuration does not need to be supported, as on-demand SSB in 9.5.1 realizes same function.

Based on above analysis, our view on SSB adaptation is:
Proposal 4: Adaptation of SSB burst periodicity is supported.
Proposal 5: Time domain adaptation of the continuously transmitted number of SSBs within a SSB burst are supported. No need to consider spatial domain adaptation for SSB pattern within a SSB burst.
Proposal 6: New SSB burst periodicity values larger than 160 ms impacts the measurement accuracy, access latency, which needs RAN4 to further the performance requirements. We prefer not to support in this release.

For legacy UEs, as the adaptive SSB would not be the cell defining SSB as configured in SIB1 to point to RMSI, it would impact the legacy UE L1/L3 measurement, cell search/identification andime/frequency tracking, it is not preferable to be detected by legacy UEs. Thus,
Proposal 7: Like a NCD-SSB, non-synchronization raster would be used for adaptive SSB to avoid impact to legacy UEs.

On PRACH adaptation
In the previous meeting, below agreements were achieved regarding PRACH time domain adaptation and potential additional PRACH resource for further study.
	Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded

Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)



As PRACH resource is used of multiple purposes e.g., initial access, random access, radio link failure/beam failure recovery, UL synchronization acquisition, which involves both CONNECTED and IDLE/INACTIVE UEs. For NES gain, gNB may intend to adapt the active PRACH resource according to expected access load from UE in order to acquire longer sleeping time without receiving PRACH. To this end, the PRACH resource adaptation is different from CONNECTED and IDLE/INACTIVE UEs, due to different PRACH functionalities:
· For CONNECTED mode UEs, PRACH can be used for radio link failure/beam failure recovery request, scheduling request, UL synchronization acquisition once UL synchronization is lost, handover steps involving UL synchronization, and RRC reconfiguration. The needed amount of PRACH resource per cell depends on the number of the UEs, system DL and UL channel conditions, how deployment handles the coverage performance, multi-beam usage, UE mobility and so on. Thus, it may be possible for gNB to increase or decrease the active PRACH resource taking into account all these factors, which can be similar to traffic adaptation.
Observation 1: Dynamic PRACH resource adaptation for CONNECTED mode UEs may have NES merit.

· For IDLE/INACTIVE mode UEs, PRACH is mainly used for initial access for registration to the network, random access to establish RRC connection when being paged or having UL traffic, or to update the registration area after cell selection. The needed amount of PRACH resource per cell is determined by the number of all the UEs camping in the same tracking area, which is not a frequently changing factor. Therefore, dynamic adaptation of PRACH resource may not be necessary nor beneficial. 
Observation 2: PRACH resource adaptation for IDLE/INACTIVE mode UEs does not bring much NES merit.

· On the other hand, In the current specification, the supported RO resource is not the best option for network energy saving. The location should be considered together with SSB, SIB1 and paging for more concentrated time domain active duration to strive for longer sleeping time of gNB. Therefore, for dynamic PRACH adaptation, additional PRACH resource is beneficial for NES gain. However, the access latency should be taken into account when designing additional PRACH resource.
Observation 3: Additional PRACH resource for IDLE/INACTIVE mode UEs taking into account the time location of SSB, SIB1 and paging may enable gNB acquire longer sleeping time and thus bring NES merit.

Proposal 8: PRACH resource adaptation should focus on CONNECTED mode UEs and additional PRACH resource design should focus on IDLE/INACTIVE mode UEs. The eventual signalling and procedure design should be applicable for both RRC modes for stable system operation.

On paging adaptation
	Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2


For paging adaptation, as it is mainly used by RRC IDLE/INACTIVEs, similar to what is mentioned for PRACH, 
· Dynamic paging resource adaptation may not bring so much NES gain, as the required resource is determined by all the UEs within the tracking area rather than a cell.
· The paging occasions can be jointly considered with SSB, SIB1, PRACH resources to create more concentrating gNB active time. The UE group/sub-group mapping to POs should not be impacted. Therefore, new PO/PF locations can be further discussed in RAN1.
Proposal 9: New paging occasion can be further studied in RAN1 jointly considering other common channel/signals. The specification impact of UE mapping to PO/PF should be minimized.

On adaptation signaling framework
For better NES gain, if network wants to adapt more than one signal/channels, individual indication would lead to larger system overhead. Therefore, we prefer to support a unified signaling framework for all the common signal/channels. The BWP framework can be a good candidate for such function, as all the configurations of the common signal/channels can be encapsulated within a certain BWP configuration. Such design can be applied for either of single or multi-cell operation. 

Proposal 10: For less signaling overhead, more efficient beam association between SSB, paging and PRACH resources and better NES gain, a unified framework of adaption these common signal/channels should be discussed. BWP framework is a proper starting point.

Conclusion
Based on the discussion, the following proposals are highlighted:
Proposal 1: All RRC states are supported for common signal/channels adaptation.
Proposal 2: To avoid impact to legacy UEs, for common signal/channel adaptation, multi-cell operation should be taken to accommodate also other NES features within this WI. One cell supports all RRC states and the other cell for maximizing NES gain is for new release UEs.
Proposal 3: SSB channel structure (PSS/SSS/PBCH) should not be changed.
Proposal 4: Adaptation of SSB burst periodicity is supported.
Proposal 5: Time domain adaptation of the continuously transmitted number of SSBs within a SSB burst are supported. No need to consider spatial domain adaptation for SSB pattern within a SSB burst.
Proposal 6: New SSB burst periodicity values larger than 160 ms impacts the measurement accuracy, access latency, which needs RAN4 to further the performance requirements. We prefer not to support in this release.
Proposal 7: Like a NCD-SSB, non-synchronization raster would be used for adaptive SSB to avoid impact to legacy UEs.
Observation 1: Dynamic PRACH resource adaptation for CONNECTED mode UEs may have NES merit.
Observation 2: PRACH resource adaptation for IDLE/INACTIVE mode UEs does not bring much NES merit.
Observation 3: Additional PRACH resource for IDLE/INACTIVE mode UEs taking into account the time location of SSB, SIB1 and paging may enable gNB acquire longer sleeping time and thus bring NES merit.
Proposal 8: PRACH resource adaptation should focus on CONNECTED mode UEs and additional PRACH resource design should focus on IDLE/INACTIVE mode UEs. The eventual signalling and procedure design should be applicable for both RRC modes for stable system operation.
Proposal 9: New paging occasion can be further studied in RAN1 jointly considering other common channel/signals. The specification impact of UE mapping to PO/PF should be minimized.
Proposal 10: For less signaling overhead, more efficient beam association between SSB, paging and PRACH resources and better NES gain, a unified framework of adaption these common signal/channels should be discussed. BWP framework is a proper starting point.
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Appendix
Agreement
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded


Agreement
For adaptation of PRACH in time-domain, consider the following adaptation mechanisms for further study
· Adaptation based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs (if any)
· Note: NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs
· For the additional PRACH resources,
· Adaptation of PRACH resource periodicity/PRACH occasion 
· Adaptation at PRACH configuration/association period/association pattern period level and SSB to RO mapping cycle
· Adaptation based on extending cell DRX operation for PRACH
· Concentrating ROs in time domain
· Other options are not precluded

Agreement
For adaptation of paging, 
· Study further from RAN1 perspective, techniques for adaptation of paging occasions in time-domain and achievable network energy savings
· Note: Specification details for PO/PF determination and paging-related configuration/procedures to be handled by RAN2

	Comments/Notes:
1. In my current understanding, at least for idle/inactive mode, the amount of resource reservation for paging and RO should be proportionally related. So it is reasonable for at this these two to adapt together.


Suz01) My thinking is above looks big impact on several part of paging related design (this is also one reason IDLE/INACTRIVE is located within cell A.
LiHC06) Even skipping/omitting some of the PFs/POs, UE remapping to different PFs/POs needs to be considered. But I think this would be up to RAN2 to decide on the details. RAN1 can only conclude whether the NES gain would worth the change.


Agreement
For the adaptation mechanisms of SSB in time-domain, study further applicable scenarios and associated legacy UE impact/handling (if any) based on the following: 
· Applicability to UE in idle/inactive and/or connected mode 
· Applicability to PCell and/or SCell(s)

Agreement
For the adaptation mechanisms of SSB in time-domain, study further following mechanisms: 
· Adaptation mechanism indicated or configured by gNB without UE trigger
· Adaptation triggered by UE (if any)
FFS: Details of associated signaling/indication/configuration


Agreement
For the adaptation mechanisms of PRACH in time-domain
· Support at least PRACH adaptation provided by gNB without UE trigger
· FFS: PRACH adaptation with UE trigger
· Note: UE trigger means UE requests adaptation of PRACH
· Study at least the following,
· Dynamic signaling and/or semi-static signaling of PRACH adaptation 
· Adaptation of PRACH transmission according to certain condition 
· Applicability to idle/inactive and/or connected mode UEs
· Which scenarios the adaptation mechanism is applicable to (e.g. cell with both legacy and Rel-19 UE, cell with only Rel-19 UEs)
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