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1. Introduction
At the RAN#102 meeting, the new work item of “Enhancement of network energy savings for NR” was agreed [1]. In this contribution, we provide our views on the third objective on adaptation of common signal/channel transmissions, and the scope of the objective is shown as below.
	[bookmark: _Hlk162725176]The objectives of the work item are the following:
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 



2. Discussion
For NES purpose, we discuss the candidates for adaptations and applicable scenarios for each common signal/channel. First, we’d like to clarify how to obtain NES gain by adaptation over the legacy operation. One approach is to introduce new properties/parameters to reduce occasion/duration in time domain at gNB. The other approach is to introduce more efficient/dynamic mechanism to change property of common signal/channel following a change in condition/situation. (e.g., when configured PRACH capacity is lacking, at that time NW decides to provide additional PRACH resources more dynamically following the situation). Any techniques in this objective should be evaluated from these perspectives for NES operation.

Observation 1:
· For adaptation of common signal/channel in NES operation, the following two approaches should be considered.
· Introduce new properties/parameters to reduce the gNB TX/RX occasion/duration in time domain.
· Introduce more efficient/dynamic mechanism to change properties of common signals/channels.
· Carefully consider how/when gNB can decide whether/for which property to apply dynamic adaptation.

2.1 SSB in time domain
Legacy configuration/behavior 
For initial cell selection, a UE assumes SSB periodicity of 20ms, and after cell selection, the UE acquires the SSB configuration of the serving cell from SIB1 mainly for rate matching purpose. For neighboring cell measurement purpose, the UE would acquire neighboring cell’s SSB configurations. After RRC connected, the UE can acquire these parameters from RRC dedicated signaling (RRCReconfiguration).

These parameters included in SIB1/RRCReconfiguration can be updated (i.e., adapted) even by using the current specification. For idle mode UEs deriving SSB/PRACH related parameters from SIB1, the SIB1 update is indicated by DCI format 1_0 as a “Short message”. It can be sent every default paging cycle*{2, 4, 8, 16} for multiple UEs as a group common signaling. That implies that adaptation of SSB and PRACH configurations in SIB1 for multiple idle UEs can be done by the current specification with relatively long-term adaptation and less signaling overhead. From NES perspective thanks to less signaling overhead of the legacy “short message”, we believe RAN1 should carefully evaluate a necessity of a new indication mechanism to update (adapt) SSB/PRACH configurations for idle UEs.

2.1.1	Applicable scenario
	Agreement
Adaptation mechanism(s) of SSB in time-domain is supported at least for one of the following scenario(s): 
· For cell with both legacy UEs and Rel-19 NES-capable UEs 
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Study from the following options:
· Option A1: adaptation for CD-SSB
· Option A2: adaptation for SSB that is not CD-SSB
· Option A3: adaptation for SSB not on sync raster
· Rel-19 NES-capable UE’s SCell 
· Study from the following options:
· Option B1: adaptation for CD-SSB
· Option B2: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for SSB not on sync raster
· FFS: Rel-19 NES-capable UE in idle/inactive mode
· Note: Impact to idle/inactive UEs shall be minimized

Proposal 2.1.2-updated2
Adaptation mechanism(s) of SSB in time-domain is supported at least for following scenario(s): 
· [ For cell with only Rel-19 NES-capable UEs 
· [Rel-19 NES-capable UE in idle/inactive mode]
· Rel-19 NES-capable UE’s PCell (Connected mode) 
· Select from the following options:
· Option A1: adaptation for NCD-SSB
· Option A2: adaptation for SSB that is not CD-SSB 
· [bookmark: _Hlk164274082]Option A4: adaptation for CD-SSB
· Rel-19 NES-capable UE’s SCell 
· Select from the following options:
· Option B1: adaptation for SSB that is not CD-SSB
· Option B3: adaptation for CD-SSB
]


Applicable scenarios of SSB adaptation in time domain were discussed, and the above agreement and FL’s proposal were made [2]. Although only an adaptation mechanism for a cell with both legacy and Rel-19 NES-capable UEs was agreed, we do not think the study should be limited to the cell with both legacy and Rel-19 NES-capable UEs.
 Rel-18 cell DTX/DRX mechanism was supported for a cell with Rel-18 NES-capable UEs only, and it is assumed that other UEs were forbidden to access the cell. Clearly, it would be more difficult and would require larger impact to adapt common signal/channel of a cell with both legacy and Rel-19 NES-capable UEs compared with adaptation of signal/channel of a cell with Rel-19 NES-capable UEs only or at least connected mode UEs only. Therefore, as a first step for adapting SSB,  a cell with only Rel-19 NES-capable UEs should be considered as target scenario.

Proposal 1:
· A cell with only Rel-19 NES-capable UEs should be considered as target scenario for adaptation of SSB in time domain for achieving enough NES gain.

Applicable cell for SSB adaptation was also discussed, and three types of cells were agreed to further study. We would like to emphasize that it is important to include a cell with CD-SSB as applicable cell for SSB adaptation. NCD-SSB is an additional transmission on top of CD-SSB in a cell used as PCell, and NCD-SSB can only be used for specific UEs or purpose, e.g., RedCap UEs or dedicated BWP operation. In a typical PCell operation, there is only a CD-SSB and no NCD-SSB. If the applicable cell for SSB adaptation is limited to a cell with NCD-SSB, we cannot find much benefit of adaptation of SSB for NES operation. Although it is fine to consider/support adaptation of NCD-SSB for expanding NES operation to the cell with NCD-SSB, RAN1 should target typical scenario where CD-SSB is always transmitted with a short periodicity so that the CD-SSB could be the bottleneck for NES operation.

Proposal 2:
Support at least following options for adaptation of SSB in time domain
· Option A1: adaptation for CD-SSB which is Rel-19 NES-capable UE’s PCell (Connected mode), 
· Option B1: adaptation for CD-SSB which is Rel-19 NES-capable UE’s SCell.

In above agreement, Rel-19 NES-capable UE in idle/inactive mode was captured as FFS point. 
As mentioned in the legacy behaviour a legacy UE assumes SSB periodicity is equal to or less than 20ms in initial cell selection, so if CD-SSB properties in time domain are changed, especially periodicity is to be longer than 20ms, the legacy UE may miss some CD-SSB.
In our understanding, it is not forbidden in the current specification for gNB to operate a SSB with periodicity longer than 20ms on PCell. The current specification just defines the UE behavior to assume a SSB with periodicity equal to 20ms in initial cell selection. In addition, SIB1 indicates SSB configurations including periodicity, and the candidate value for the SSB periodicity in SIB1 is not limited to 20ms or shorter.
Thus, the above situation can be deployed when NW can afford a possibility that some UEs may overlook some SSB on a frequency (and as a result, the UE cannot camp on the cell or takes more time to camp on the cell). We’d like to emphasize that the possibility happens only in initial cell selection i.e., when a UE has no information about the SSB.  In addition, we think  that there is a situation where a UE may sometimes overlook some SSB in practical field due to miss-detection of PSS/SSS. The possibility can be addressed by NW implementation, e.g., an overlapping deployment of multiple-cells.

Observation 2:
· It is possible operation that CD-SSB is transmitted with a periodicity longer than 20ms (and equal to or shorter than 160ms) according to SSB configuration in SIB1 even in the current specification.

Even though the above operation is possible in the current spec., there is still a risk that a UE may miss CD-SSB with longer periodicity than 20ms and take much time to find a suitable cell without care of NW implementation. In order to address the undesirable situation with giving NW opportunity to get into sleep mode during enough duration, it should be considered to enhance Rel-19 UE behavior in initial cell selection, e.g. Rel-19 NES capable UE may assume that SSB periodicity is 40ms in initial cell selection. For relaxing UE burden and mitigating time of initial cell selection, it is possible to consider limiting SSB frequency position where a UE assume longer periodicity than 20ms in initial cell selection.

Proposal 3:
· For adaptation of cell defining SSB in time domain relevant to Rel-19 NES-capable UE in idle/inactive mode, the following approach should be considered.
· Enhancement of the UE behavior in initial cell selection for Rel-19 NES cell
· E.g., Rel-19 NES capable UE may assume SSB periodicity of 40ms.
· FFS: Some restrictions on Rel-19 NES cell with SSB adaptation, e.g., limited frequency location of the above SSB.

2.1.2	Adaptation candidates and mechanism
	Agreement@116
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

Proposal 2.1.1-updated2
Possible Agreement@116bis
For adaptation of SSB in time-domain, at least the following adaptation mechanism is supported 
· Adaptation of SSB burst periodicity using one or more SSB burst periodicity value(s)
· FFS: details including applicable scenarios 
· FFS: other adaptation mechanisms, 
Above does not preclude the specification support of adaptation of SSB in time-domain as part of enhancement on Cell DTX. Above feature is supported at least for RRC connected UEs.


Various kinds of SSB adaptation were listed up at the RAN1#116 meeting and majority companies supported periodicity adaptation as shown in the possible agreement at the RAN1#116bis meeting. 
The appropriate adaptation candidates would depend on whether the applicable cell can be PCell or SCell only. Therefore, we discuss preferable adaptation mechanisms separately for each applicable cell.

Adaptation candidates and mechanism of SSB on PCell 
We support adaptation of SSB burst periodicity. This is because SSB burst level adaptation would achieve longer sleep duration (higher NES gain) such as about an integer multiple of SSB periodicity than SSB beam level adaptation which could achieve sleep duration of few mill seconds within SSB periodicity. 

For SSB burst level adaptation, this operation can be performed when it can be acceptable by NW that a UE in initial cell selection takes more time to access the cell or a UE in the serving cell takes more time to perform RRM/RLM. In this sense, the motivation is unclear for gNB to decide to apply adaptation techniques to transmit SSB bursts non-uniformly, such as skipping some SSB burst or applying cell DTX on uniform periodic SSB transmission. Thus, we think just adaptation of periodicity based on the legacy parameters is sufficient for NES operation.

We do not support SSB beam level adaptation on PCell. This is because a change of the number of SSB indices to be transmitted can be considered to the change of the area covered by the cell (/SSB(s)). Since each SSB is used for a different beam or repetition with a same beam, the change of the number of SSB indices would change the cell area. 

Observation 3:
· For SSB adaptation, adapting periodicity allows gNB to enter longer sleep than adapting TX pattern within a period (i.e., SSB position/number) in general.
Proposal 4:
· For SSB adaptation in time domain on PCell,
· Prefer to support adaptation of periodicities based on the legacy parameters.
· Not support beam level adaptation.
· Not support non-uniform adaptation, e.g., enhancement of cell DTX.

On adaptation mechanism, the important thing is in what condition/when adaptation can be applied. For SSB burst level adaptation on PCell, as discussed above, one criterion would be when NW can accept that a UE’s access delay may be longer on a NES cell.
In other words, NW can adapt SSB periodicity property (e.g., to sparse SSB transmission) to obtain NES gain when there are only some particular types of UEs, e.g., only low mobility UEs and non-low latency service UEs in an area covered by the cell with SSB adaptation. This operation would be done based on NW’s information and prediction based on a historical tendency. We think the change of tendency (i.e., what types of UE are in the cell) could be handled by semi-static manner (i.e., not necessary to be handled by dynamic manner). 

Proposal 5:
· Discuss and evaluate carefully in what condition/when gNB can decide to apply adaptation of SSB burst periodicity, and necessity of dynamic signaling for SSB adaptation on PCell.

[image: ]
Fig.1 Applicable scenario of SSB (burst level) adaptation on Pcell

Observation 4:
· It would be no or less benefit to introduce dynamic indication for adaptation of SSB burst periodicity on Pcell.

Adaptation candidates and mechanism of SSB only on Scell 
If a cell is only used as Scell and cannot be used as Pcell for any UE, we think it is beneficial to consider enhancement of cell DTX for SSB adaptation on the cell. If only connected mode UEs have already accessed and can access the NES cell, gNB can completely control the impact by adaptation of SSB on these UEs’ behavior related to adaptive SSB (e.g., SMTC configuration relevant to adaptive SSB), and so it is not necessary for gNB to always transmit SSB uniformly. In other words, gNB can notify all UEs that may use the NES SCell with SSB adaptation of all necessary information of adaptive SSB, so these UEs can properly perform necessary behavior using the adaptive SSB. In this sense, given the point that enhancement of cell DTX mechanism for SSB adaptation would offer flexible SSB TX on/off pattern which may achieve both SSB burst and SSB beam level muting pattern, we prefer to study the enhancement.

Proposal 6:
· For adaptation in time domain of SSB which is used only as SCell, consider enhancement of cell DTX.

2.2 PRACH in time domain
	Agreement
For adaptation of PRACH in time-domain, support at least the following: 
· Adaptation based on additional 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
· Configuration of additional PRACH resources is provided by semi-static signalling
· FFS: details including whether there is overlap of additional PRACH resources and PRACH resources for legacy UEs
· FFS: adaptation mechanism for additional PRACH resources
· Note: No change to the existing PRACH configuration tables in 38.211

Agreement
For adaptation of PRACH in time-domain, support the following: 
· SSB-RO mapping for the additional PRACH resources is separate from the SSB-RO mapping of the PRACH resources for legacy UEs (if any)
· FFS: whether/how to handle SSB-RO mapping if the additional PRACH resources overlap in both time and frequency with the PRACH resources for legacy UEs
· Note: SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources
· FFS: SSB-RO mapping for the additional PRACH resources


On adaptation of PRACH in time domain, it was discussed and agreed that at least PRACH adaptation should be performed based on additional PRACH resources, and how a UE should map SSB to additional PRACH resources and how to handle overlapped additional PRACH resources with legacy PRACH resources were FFS.
For overlapping between additional PRACH resources and legacy PRACH resources, we support a mechanism of UE handling the overlap such as based on validation rule. It is not desirable from NW operator’s perspective that gNB always has to take care about any overlapping between legacy PRACH resources and additional PRACH resources i.e., as configuration restriction. Even for the legacy PRACH resources, not all configured resources will be used or will be regarded as valid resources. For example, after SSB-RO mapping, there can be remaining PRACH resources that are not mapped to any SSB(s), or in TDD operation, some PRACH resources cannot be regarded as valid due to a lack of enough gap duration between SSB and PRACH resources.
In addition, legacy PRACH resources should not be impacted by additional resources, and hence it is a natural way for Rel-19 UE to regard additional PRACH resources overlapping with legacy PRACH resources as invalid.

Proposal 7:
· The overlapped RO(s) of additional PRACH resources with legacy PRACH resources in both time and frequency domain can be regarded as invalid RO which is not used for SSB-RO mapping for the additional PRACH resource. 

On indication mechanism of adapted PRACH resources, we support more dynamic technique than that achieved in the legacy specification. This is because in our view, the motivation of additional PRACH resources is mainly to be used for urgent traffic (PRACH) burst.  
When few UEs are expected to be in an area, the number of RO(s) within a period can be small and/or PRACH periodicity can be long because PRACH capacity may not be fully used thanks to small number of UEs in the area. In this operation, if traffic bursts causing PRACH transmission bursts in a moment happen, lack of PRACH capacity happens. In order to address the PRACH capacity issue that happens instantaneously even with NES operation that gNB usually monitors PRACH resources with smaller ROs or longer periodicity, dynamic adaptation to add additional PRACH resources can be indicated to new UEs which try to access a NES cell. In this adaptation, Legacy and Rel-19 NES UE may be able to use the same NES cell with PRACH adaptation, e.g., legacy UE always uses legacy PRACH resources and Rel-19 NES UE uses both legacy and additional PRACH resources.
As agreed, configuration of additional PRACH resources is provided by semi-static signalling, and we think that a UE would obtain these configurations via SIB1 or other SIB messages. Although even in the current spec., PRACH resources are sent via SIB1 and they can be adapted via indication of short message and SIB1 update, in our understanding, gNB and UE would need to take some time to enable updated configuration. This is because short message can be sent every default paging cycle*{2, 4, 8, 16}, that is, several seconds and also after reception of short message, a UE would need some processing and decoding time to validate RRC message, which means the indication of (additional) PRACH resources based on current mechanism could not meet the urgent need of PRACH resources mentioned above. Therefore, some enhancement for enabling additional PRACH resources should be studied which might be performed without SIB1 update.

Proposal 8:
· For PRACH adaptation in time domain, study additional PRACH resources indicated by dynamic signaling without SIB1 update.
· Additional PRACH resources should be configured in SIB1.
· Enhancement of short message should be a starting point to indicate (validate) additional PRACH resources.

2.3 PRACH in spatial domain
As stated in WID, RAN1 should study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial. For the current uniform PRACH resource per SSB, it has the following problems:
· In actual deployment, the SSB coverage and the number of UEs within a SSB coverage would be different.
· With uniform configuration, the number of PRACH resource per SSB should be configured to ensure UE access in the most crowded SSB coverage.
By using non-uniform PRACH resources per SSB, different SSB can have different PRACH capacity, which can achieve largest flexibility to address the above problems. Non-uniform PRACH resources can be achieved by using a common framework for additional PRACH resources in time domain where additional PRACH resources are associated with subset of actual transmitted SSBs.

Proposal 9:
· Support non-uniform PRACH by indicating SSB subset for SSB-RO association in additional PRACH resource
· PRACH resource for legacy UEs is associated with actual transmitted SSB. 
· Additional PRACH resources for NES UEs can be associated with a subset of actual transmitted SSB. 

3. Conclusion
In this contribution, we provided the following observations and proposals of adaptation of common signal/channel transmissions for network energy saving.

Observation 1:
· For adaptation of common signal/channel in NES operation, the following two approaches should be considered.
· Introduce new properties/parameters to reduce the gNB TX/RX occasion/duration in time domain.
· Introduce more efficient/dynamic mechanism to change properties of common signals/channels.
· Carefully consider how/when gNB can decide whether/for which property to apply dynamic adaptation.
Proposal 1:
· A cell with only Rel-19 NES-capable UEs should be considered as target scenario for adaptation of SSB in time domain for achieving enough NES gain.
Proposal 2:
Support at least following options for adaptation of SSB in time domain
· Option A1: adaptation for CD-SSB which is Rel-19 NES-capable UE’s PCell (Connected mode), 
· Option B1: adaptation for CD-SSB which is Rel-19 NES-capable UE’s SCell.
Observation 2:
· It is possible operation that CD-SSB is transmitted with a periodicity longer than 20ms (and equal to or shorter than 160ms) according to SSB configuration in SIB1 even in the current specification.
Proposal 3:
· For adaptation of cell defining SSB in time domain relevant to Rel-19 NES-capable UE in idle/inactive mode, the following approach should be considered.
· Enhancement of the UE behavior in initial cell selection for Rel-19 NES cell
· E.g., Rel-19 NES capable UE may assume SSB periodicity of 40ms.
· FFS: Some restrictions on Rel-19 NES cell with SSB adaptation, e.g., limited frequency location of the above SSB.
Observation 3:
· For SSB adaptation, adapting periodicity allows gNB to enter longer sleep than adapting TX pattern within a period (i.e., SSB position/number) in general.
Proposal 4:
· For SSB adaptation in time domain on PCell,
· Prefer to support adaptation of periodicities based on the legacy parameters.
· Not support beam level adaptation.
· Not support non-uniform adaptation, e.g., enhancement of cell DTX.
Proposal 5:
· Discuss and evaluate carefully in what condition/when gNB can decide to apply adaptation of SSB burst periodicity, and necessity of dynamic signaling for SSB adaptation on PCell.
Observation 4:
· It would be no or less benefit to introduce dynamic indication for adaptation of SSB burst periodicity on Pcell.
Proposal 6:
· For adaptation in time domain of SSB which is used only as SCell, consider enhancement of cell DTX.
Proposal 7:
· The overlapped RO(s) of additional PRACH resources with legacy PRACH resources in both time and frequency domain can be regarded as invalid RO which is not used for SSB-RO mapping for the additional PRACH resource. 
Proposal 8:
· For PRACH adaptation in time domain, study additional PRACH resources indicated by dynamic signaling without SIB1 update.
· Additional PRACH resources should be configured in SIB1.
· Enhancement of short message should be a starting point to indicate (validate) additional PRACH resources.
Proposal 9:
· Support non-uniform PRACH by indicating SSB subset for SSB-RO association in additional PRACH resource
· PRACH resource for legacy UEs is associated with actual transmitted SSB. 
· Additional PRACH resources for NES UEs can be associated with a subset of actual transmitted SSB. 
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