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1. Introduction
Many techniques to achieve energy savings for NR BS is discovered during the study period [1], and some of them are specified with the Rel. 18 specification. Since there were many other remained techniques showing significant energy saving gain, adopting and specifying them became the objective correspondingly. Especially, adopting adaptation of some common signals is considered as objectives of the Rel. 19 enhanced NES as follows [2]:

 (
Specify a
daptation 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 
)

After the meeting of Rel-19 in RAN #116bis, some agreements about this agenda are made [3]. Agreements for SSB adaptation is as follows.

 (
Agreement
For indication of adaptation of SSB in time-domain, 
Support at least SSB adaptation provided by gNB without UE trigger
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 
)

Agreements about the adaptation of PRACH in time domain is as follows.

 (
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 
Agreement
Support adaptation mechanisms of PRACH in time-domain for following:
UE in idle/inactive mode
UE in connected mode
)

In this contribution, we focus on adaptation of common signal/channel transmissions, especially about the adaptation of SSB and PRACH in time domain.


2. Design principle and issues on SSB adaptation
The study [1] showed that transmitting SSB requires huge portion of energy consumption during low UE traffic, so dramatic enhancement for energy saving can be expected with some appropriate SSB transmission reductions. With these assumptions, the SSB-less SCell operation is specified in Rel. 18 as the first approach to reduce SSB transmissions. When adaptation of SSB is applied to SCell, it can give additional benefits for RRM measurements, however, no energy saving gain is achievable and on-demand SSB is sufficient for the RRM measurements. To obtain additional energy saving gain, the adaptation needs to be applicable on PCell.

Proposal 1: SSB adaptations for the network energy saving is applicable to PCell. In other word, it supports standalone operation.

To reduce SSB transmissions more than the possible configuration on the legacy specification in PCell, it is required to relax the condition of 20ms period of SSB with the preserved quasi-co-location.

The pattern of SSB transmission in a frame has been determined at RRC message ssb-PositionInBurst in the SIB1 for the current cell and CellGroupConfig for the neighbor cells, and legacy UEs will expect the configuration will not be changed ever. That is, any adaptation relaxing the condition of 20ms period of SSB can be configured only to Rel. 19 applied UEs.
However, the relaxation may increase UE processing complexity of synchronization. For example, the relaxation with doubled period may result doubled complexity for the cell search of Rel. 19 NES supporting UEs. The total energy consumption, that is the sum of BS’s and UEs’, still may decrease. However, increased consumption is often far more critical for the mobile devices depending on the battery in commercial service aspect.
 
[bookmark: _Hlk166247863]Proposal 2: In principle, the increasement of complexity of the synchronization procedures on UEs is minimized by the possible SSB adaptations.

One approach to minimize the complexity may be limiting the frequency variation of SSB, i.e., GSCN. We believe the limitation may be efficient at least during the migration step to eNES applied BSs. 

Proposal 3: At least for the complexity of synchronization procedures on UEs, the adaptation is applied only for the SSBs transmitted at frequencies limited by the specification.

On the other hand, many approaches are made in RAN1 #116 and 116bis for the time domain SSB adaptation as follows [4]:

· 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)

Some of these approaches are efficient for energy saving by reducing redundant SSBs, while others enhance measurements in scenarios with reduced SSBs. Essentially, determining the limitations of adaptable SSBs is crucial to narrow down the options. The agreements reached during the previous meeting [3] were primarily focused on the latter purpose. However, we believe that the energy-saving benefits from SSB adaptation become significant during near-zero traffic conditions—when almost all UEs are idle or inactive. To fully realize these benefits, SSB adaptation should also be applied to idle or inactive UEs.

Proposal 4: SSB adaptation is applied to UE in idle/inactive mode.

Regarding this and the assumption of standalone operation, the following can be reasonable for the time domain SSB adaptation.

Proposal 5: For the adaptation of SSB in time domain, the adaptation based on multiple SSB configurations or adapting the transmitted number of SSBs within a SSB burst is applied.


3. Issues on PRACH adaptation
Adapting the PRACH can significantly benefit network energy consumption when operating with reduced resources for RACH preambles. However, it’s important to note that the additional signal can only indicate additional PRACH resources. In other words, PRACH adaptation relies on the availability of extra temporal opportunities within the reduced ROs as fundamental.

The issue we focus is on the relation between adaptation on PRACH and adaptation on SSB. Since it is agreed that the operation of adaptive PRACH is applicable to connected UE, two adaptions may be operated at the same time. The condition for the operation with reduced common signal may share equal circumstance of low traffic, SSB-RO mapping is beneficial when both SSB and PRACH are in adaptive.

With this, our focus lies in understanding the relationship between PRACH adaptation and SSB adaptation. Since it is agreed that at least adaptive PRACH operation applies to connected UE, it’s possible to have both adaptations active simultaneously. When operating under reduced common signal conditions, which commonly have benefits during low traffic scenarios, the SSB-RO mapping becomes advantageous when both SSB and PRACH are in adaptive mode.

Proposal 6: SSB-RO mapping for the adaptive PRACH can be associated with the adaptive SSB.


4. Conclusion
We give our observation and proposals in this contribution as follows:

Proposal 1: SSB adaptations for the network energy saving is applicable to PCell. In other word, it supports standalone operation.

Proposal 2: In principle, the increasement of complexity of the synchronization procedures on UEs is minimized by the possible SSB adaptations.

Proposal 3: At least for the complexity of synchronization procedures on UEs, the adaptation is applied only for the SSBs transmitted at frequencies limited by the specification.

Proposal 4: SSB adaptation is applied to UE in idle/inactive mode.

Proposal 5: For the adaptation of SSB in time domain, the adaptation based on multiple SSB configurations or adapting the transmitted number of SSBs within a SSB burst is applied.

Proposal 6: SSB-RO mapping for the adaptive PRACH can be associated with the adaptive SSB.
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