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Introduction
In RAN# 102, a new WI for enhancements of network energy savings for NR was approved [1]. One objective of the work item is to specify the adaptation of common signal/common transmission.
	1. 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 this contribution, we will provide our considerations on adaptation of common signal/channel transmissions.
Discussion
Currently common signal/channel transmission is configured semi-statically via RRC reconfiguration or system information. In SI [2], semi-statical or dynamical adaptation mechanism of common signal/channel transmissions were proposed. And it becomes an objective in R19 NES WI.
Adaptation of SSB in time domain
In current spec, the gNB always needs to transmit the SSB based on a configured periodicity. The candidate values of the SSB transmission periodicity are [5ms, 10ms, 20ms, 40ms, 80ms, 160ms]. The SSB transmission can be used for initial access, RRM/RLM measurements and so on. For initial access, the UE assume the default SSB periodicity is 20ms. But the network can also configure a shorter or longer SSB periodicity. The shorter SSB periodicity means fast cell search but more network energy consumption. According to the formulation during SI, longer SSB periodicity can bring significant energy saving.
The following agreements were made in RAN1#116 [3] for adaptation of SSB in time domain.
	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


In last RAN1 meeting, several SSB adaption mechanisms are proposed. But there is no consensus on which solution to be adopted. The detail of SSB adaption mechanism needs more discussion in RAN1 and RAN2 can wait for more progress. 
For the applicable scenarios of SSB adaptation, according to the RAN1 discussion, there is still no consensus on whether the SSB adaption can be applicable to IDLE/INACTIVE state or CONNECTED state or both and whether can be applicable to PCell or SCell or both. RAN2 can discuss further on scenarios and high-level solutions. And target scenarios and mechanisms of adaptation of SSB should be different from on-demand SSB SCell operation for UEs in connected mode configured with CA. 
Proposal 1: Target scenarios and mechanisms of adaptation of SSB should be different from on-demand SSB SCell operation for UEs in connected mode configured with CA.
In the objective of SSB adaptation, there is a note that there shall be no negative impact to legacy UEs, unless significant benefits are shown. So when we discuss the SSB adaptation mechanism, the impact on legacy UEs should be considered and the negative impact on legacy UE should be avoided. There are two possible solutions to avoid the impact on legacy UEs.
Option 1: The NES cell supporting SSB adaptation is barred to legacy UEs;
Option 2: The NES cell supporting SSB adaptation can provided basic SSB configuration for legacy UEs.
For option 1, the NES cell shall always be covered by normal cell. When the NES cell turns on the NES mode, this cell will be barred for legacy UE and the legacy UE can only camp on or connect to the normal cell. 
For option 2, the NES cell shall at least provide the basic SSB configuration for legacy UE. For example, the NES cell can provide two type SSB configurations. A spare SSB configuration, e.g. 160ms, can be provided to legacy UEs. 
Considering the impact to legacy UEs depends on mechanism of SSB adaptation, we propose.
Proposal 2: RAN2 to consider how to avoid the negative impact to legacy UEs when discussing the mechanism of SSB adaptation.
Adaptation of PRACH
According to the current spec, UE can know the PRACH configuration via SIB1 or RRC message. During SI, it was found that the NES gain generally increases as PRACH periodicity increases for the same number of SSBs. Hence, the gNB can configure an always-on PRACH pattern for legacy UEs with long periodicity and additionally, and configure a new mutable PRACH pattern for Rel-19 UE. This makes adaptation decision more dynamic and known by the Rel-19 UEs by new signalling designs and at the same time do not impact legacy UEs.
The following agreements were made in RAN1#116 for adaptation of PRACH in time-domain.
	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)


According to the highlighted yellow part, adaptation of PRACH in time-domain has no impact on legacy UEs.
Observation 1: According to the current agreements in RAN1, adaptation of PRACH in time-domain has no impact on legacy UEs.
RAN1 agreed to study at least dynamic signaling and/or semi-static signaling of PRACH adaptation in time-domain. RAN2 can wait for RAN1’s further conclusion on the adaptation of PRACH in time-domain.
Proposal 3: RAN2 to wait for RAN1’s further progress on the adaptation of PRACH.
Adaptation of paging
For UE in RRC_IDLE and RRC_INACTIVE state, the UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots where paging DCI can be sent. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. In legacy NR system, the PF and PO for paging are determined by the following formulae:
	SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
where 
T: DRX cycle of the UE.
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination


According to the above formulae, PFs are uniformly distributed within a time duration. Such distribution may prevent the gNB from staying in sleep state for a relative long time within the duration (e.g. 640ms). To achieve network energy savings, it would be beneficial to concentrate the POs in the time domain.
Proposal 4: To achieve the network energy savings, it would be beneficial to concentrate the POs in the time domain.
Similar as the adaptation mechanism of PRACH, additional concentrated POs are configured for NES-capable UEs in addition to POs for legacy UEs. Then there is no impact on legacy UEs.
Proposal 5: For paging adaption, consider additional POs configured for Rel-19 NES UEs in addition to POs for legacy UEs.
Conclusion
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, the following observations and proposals was made:
For adaptation of SSB:
Proposal 1: Target scenarios and mechanisms of adaptation of SSB should be different from on-demand SSB SCell operation for UEs in connected mode configured with CA.
Proposal 2: RAN2 to consider how to avoid the negative impact to legacy UEs when discussing the mechanism of SSB adaptation.
For adaptation of PRACH:
Observation 1: According to the current agreements in RAN1, adaptation of PRACH in time-domain has no impact on legacy UEs.
Proposal 3: RAN2 to wait for RAN1’s further progress on the adaptation of PRACH.
For adaptation of paging:
Proposal 4: To achieve the network energy savings, it would be beneficial to concentrate the POs in the time domain.
[bookmark: _GoBack]Proposal 5: For paging adaption, consider additional POs configured for Rel-19 NES UEs in addition to POs for legacy UEs.
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