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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#116, following agreements are made on adaptation of common signal/channel transmissions [1]:
	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
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)


In this paper, we share the view on adaptation of common signal/channel transmissions for network energy saving.
Discussions
Adaptation of SSB in time domain
In RAN1#116, various adaptation mechanisms have been listed up. In either mechanism, impact on legacy UEs needs to be avoided, and at least, SSB with 20ms periodicity used for initial selection of legacy UEs should be kept with the periodicity. To this end, the adaptation should not be applied for CD-SSB in a cell where the legacy UE can camp, and some scenarios can be considered. One applicable scenario is that the adaptation is applied for cells only with Rel-19 NES UEs. In this case, the adaptation can be dynamically/semi-statically indicated without any backward compatibility with legacy UEs and larger periodicity than 160ms may be considered. As another applicable scenario, the adaptation can be applied only for NCD-SSB which is used for measurement. For NCD-SSB, the periodicity can be configured among 5ms - 160ms and the adaptation can be applied within the periodicity range for a cell including legacy UEs
Proposal 1: For applying the adaptation of SSB transmission, following scenarios should be considered
· cell only with Rel-19 NES UEs 
· NCD-SSB
For current SSB transmission, the SSB periodicity supports up to 160ms with 20ms for initial cell selection. TR 38.864 [2] states that longer SSB periodicity can bring base stations with significant energy savings in most cases (with gains up to 84.8%), compared to a selected baseline. When other configurations/settings are the same, the saving gain generally increase as the periodicity becomes larger and decrease as the traffic load increases or the number of SSBs increases. Therefore, the periodicity should be adapted based on the traffic to maximize the saving gain.
Proposal 2: At least, adaptation of SSB burst periodicity (including adaptation with two configuration with different periodicity values) should be supported.
Adaptation of PRACH in time domain
In RAN1#116, it was agreed that the adaptation of PRACH can be realized based on configuration of additional[/different] PRACH resources for NES-capable UEs in addition to PRACH resources for legacy UEs, and NES-capable UEs can use both additional PRACH resources and PRACH resources for legacy UEs.
If considering PRACH adaptation for a cell with both legacy and Rel-19 UEs, one important point for additional PRACH resources is how to map SSB index to the additional PRACH resources. In current specification [38.213], SSB index for each RO is implicitly determined based on the number of ROs in frequency domain, the number of ROs in time domain, the number of actual transmitted SSBs and the number of SSBs per RO. Along with this, when additional PRACH resources are allocated for NES-capable UEs, the SSB-to-RO mapping for the additional PRACH resources should not impact to the SSB-to-RO mapping for the PRACH resources for legacy UEs to avoid collision of different SSB index among Rel-19 NES-capable UEs and Rel-19 NES-non-capable UEs.
Observation 1: For PRACH adaptation in a cell with both legacy and Rel-19 UEs, SSB-to-RO mapping for additional PRACH resources should not impact to SSB-to-RO mapping for PRACH resources for legacy UEs.
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Figure 1: example of SSB-to-RO mapping collision issue
For example, if additional PRACH resources are allocated by only adapting periodicity (e.g. PRACH configuration period), it is difficult to avoid such collision of different SSB indices on overlapped PRACH resources. Figure 1 shows an simple example of SSB-to-RO mapping collision issue. In this figure, the PRACH configuration period for PRACH resources for legacy UEs is 160ms and there are 3 ROs per PRACH configuration period, and 4 actual SSBs are mapped. Then if additional PRACH resources are allocated by adapting PRACH configuration period to 80ms, and if legacy SSB-to-RO mapping rule is applied for the additional PRACH resource, SSB-to-RO mapping collision occurs in second association period for the additional PRACH resources.
Therefore, to avoid the collision issue, some schemes should be considered:
Scheme 1: Allocating additional PRACH resources without overlapping with legacy resources (e.g. different SFNs, different subframes from legacy resources)
Scheme 2: Introducing new SSB-to-RO mapping rule for additional PRACH resources which does not impact to SSB-to-RO mapping for PRACH resources for legacy UEs
· If there is overlapping of PRACH resources between additional PRACH resources and PRACH resources for legacy UEs, SSB-to-RO mapping for PRACH resources for legacy UEs are applied.
Proposal 3: To avoid collision of different SSB indices on a PRACH occasion between legacy UEs and Rel-19 NES-capable UEs, one or both of following schemes should be considered:
· Scheme 1: Allocating additional PRACH resources without overlapping with legacy resources (e.g. different SFNs, different subframes)
· Scheme 2: Introducing new SSB-to-RO mapping rule for additional PRACH resources which does not impact to SSB-to-RO mapping for PRACH resources for legacy UEs
Adaptation of paging occasions
For legacy paging procedure, the paging frame (PF) and paging occasion (PO) for paging are determined by the following formula in TS 38.304 [3]:
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 N is number of total PFs in DRX cycle T configured by nAndPagingFrameOffset (can be T, T/2, T/4, T/8 or T/16), and Ns is number of POs for a PF configured by Ns (can be 1, 2 or 4).
Therefore, the maximum paging occasions in a paging frame is 4 and more than 4 paging occasions are distributed in time domain based on UE ID considering latency and capacity.
However, considering the network power saving, more concatenation of paging occasions in spotted PF or in continuous PFs can increase sleeping opportunities on the gNB. When more than 4 POs are concatenated in spotted time window for Rel-19 NES UEs, the number of wake up timing for paging within a DRX cycle can decrease which results longer network sleeping opportunities with maintaining enough capacity.
Observation 2: Concatenating paging occasions in spotted paging frame(s) should be considered to increase network sleeping opportunities.
Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: For applying the adaptation of SSB transmission, following scenarios should be considered
· cell only with Rel-19 NES UEs 
· NCD-SSB
Proposal 2: At least, adaptation of SSB burst periodicity (including adaptation with two configuration with different periodicity values) should be supported.
Observation 1: For PRACH adaptation in a cell with both legacy and Rel-19 UEs, SSB-to-RO mapping for additional PRACH resources should not impact to SSB-to-RO mapping for PRACH resources for legacy UEs.
Proposal 3: To avoid collision of different SSB indices on a PRACH occasion between legacy UEs and Rel-19 NES-capable UEs, one or both of following schemes should be considered:
· Scheme 1: Allocating additional PRACH resources without overlapping with legacy resources (e.g. different SFNs, different subframes)
· Scheme 2: Introducing new SSB-to-RO mapping rule for additional PRACH resources which does not impact to SSB-to-RO mapping for PRACH resources for legacy UEs
Observation 2: Concatenating paging occasions in spotted paging frame(s) should be considered to increase network sleeping opportunities.
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