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

 (
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 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.
)

Agreements about the adaptation of PRACH and paging are as follows.

 (
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
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)
)

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 adopted 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.
 
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.

Many approaches are made in RAN1 #116 for the SSB adaptation, and we divide them into two. One is the adaptation having frames without SSB, and another is the adaptation frames with different pattern of SSB. The former is beneficial for simple indication, while the latter can give more flexible situation.
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Figure 1. An example of the periodicity adaptation of SSB
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Figure 2. An example of the pattern adaptation of SSB

Although the configuration and process are simpler with the periodicity adaptation, we believe that the pattern adaptation may be more efficient, since in many practical environments the probability of UEs access for each beam can be different. That is, it is often true that some SSB indices having a lot of involved UEs are more important while others are not. At least, they can support legacy UE with the standalone operation.

Proposal 4: 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.

On the other hand, the radio link monitoring and CSI feedback performed by UE uses reference signal like CSI-RS and SSB. Some issues may be raised when some adaptation is applied to SSBs used as reference signal, like false triggering and report.

Proposal 5: Discuss how to handle RLM and CSI related operations using SSBs with the possibility of adaptation.


3. Issues on PRACH adaptation
Adaption of PRACH is beneficial in network energy consumption when reduced resources for RACH preamble is operated. The reduction must be covered the range that the legacy signaling can configure, so only Rel-19 NES capable UEs can use the reduced PRACH resources. For the standalone operation, without neighbor cell’s configuration, the adaptation usually operated with adaptation of SSB, associated with PRACH resources with its own PRACH resources indicated by the legacy configuration.

Observation 1: When temporal SSB adaptation is applied, there is ambiguity for the PRACH resources associated with SSBs not actually transmitted are usable or not, at least by legacy UEs.

From the observation, we give our proposal as follows. Note that our proposal is not incompatible with additional PRACH resource configurations for NES-capable UEs.

Proposal 6: The configuration of SSB and PRACH adaptations are unified.


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

Observation 1: When temporal SSB adaptation is applied, there is ambiguity for the PRACH resources associated with SSBs not actually transmitted are usable or not, at least by legacy UEs.

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: 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 5: Discuss how to handle RLM and CSI related operations using SSBs with the possibility of adaptation.

Proposal 6: The configuration of SSB and PRACH adaptations are unified.
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