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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#116bis, following agreements are made on adaptation of common signal/channel transmissions [1]:
	Agreement
For indication of adaptation of SSB in time-domain, 
· Support at least SSB adaptation provided by gNB without UE trigger
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
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
· [bookmark: _Hlk164286497]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
Agreement
For adaptation of PRACH in spatial domain, 
· Study possibility of scenarios with non-uniform distribution of UEs in different beams 
· Note 6: Companies are encouraged to provide details on how they map UEs to different beams
· Study network energy savings gain achieved by non-uniform PRACH resource allocation across SSBs for scenarios with non-uniform distribution of UEs in different beams (if any), 
· Assume the following framework for network energy evaluation in FR1 and companies to report at least the below settings used in the evaluation/simulation
· 20ms SSB period
· 30kHz SCS, DDDSU TDD pattern
· Setting A: SIB1 period (20ms/40ms/160ms)
· Setting B1: Cell load (Empty/low/medium)
· Setting B2: Traffic model
· Setting C: SIB1 PDSCH time domain resource index in 38.214 Table 5.1.2.1.1-2
· Setting D: CORESET0/SSB multiplexing pattern including controlResourceSetZero (index) in 38.213 Table 13-6, and searchSpaceZero (index) in 38.213 Table 13-11
· Setting E1: PRACH configurations 
· (legacy) PRACH resources according to the following PRACH configuration for all transmitted SSBs
· Case A1-1: PRACH configuration #5 (20ms) 
· Case A1-2: PRACH configuration #17 (10ms) 
· Case A2-1: PRACH configuration #0 (160ms) 
· (time-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration for all transmitted SSBs
· Case B1: PRACH configuration #17 (10ms) 
· Case B2: PRACH configuration #0 (160ms)
· Companies to report details of assumed time domain adaptation mechanism 
· (spatial-domain PRACH adaptation) Additional and legacy PRACH resources yielding total PRACH resources that are according to one of the following PRACH configuration 
· Case C1: PRACH configuration #17 (10ms) 
· Case C2: PRACH configuration #0 (160ms)
· Companies to report details of assumed spatial domain adaptation mechanism, including details of non-uniform PRACH resource allocation across SSBs
· Setting F: Cat 1/Cat 2 BS as defined in TR38.864
· Setting G1: Number of SSB beams: 4,8 SSBs in a SSB burst with SSB pattern case C
· Note 1: Baseline to compare is Case C1 vs Case B1/A1-1/A1-2, Case C2 vs Case B2/A2-1
· Note 2: It is up to company to report the SSB-RO mapping ratio and FDMed RO number, etc
· Note 3: Other PRACH configuration index with different PRACH format other than format 0 is not precluded
· Note 4: Other SSB/SIB1/RACH periodicity/PRACH resource/configuration assumptions are not precluded (up to companies to report)
· Other frameworks for network energy evaluation are not precluded, e.g. including for FR2



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#116bis, one main discussion point for SSB adaptation is the clarification of applicable SSB for the adaptation.
	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


On this issue, the key aspect is impact to idle/inactive UE. At first, we need to clarify what is the impact to idle/inactive UEs. In current TS38.213 [2], there is a description on UE assumption for SSB transmission as “For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames.” In our understanding, this assumption does not mandate to gNB to transmit the SSB with 20ms and the impact to idle/inactive UEs on latency to camp the cell is marginal. Besides, considering the impact on NES gain for the cell, applicability of adaptation for SSB should not be limited as much as possible. Therefore, our first preference is to support Option A1 and Option B1.
Observation 1: It should be discussed whether CD-SSB transmission with more than 20ms periodicity can be allowed by idle/inactive UEs who assume 20ms periodicity.
Proposal 1: Adaptation for CD-SSB for both Rel-19 NES-capable UE’s PCell and SCell should be considered.
For current SSB transmission, the SSB periodicity supports up to 160ms with 20ms for initial cell selection. TR 38.864 [3] 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 configurations with different periodicity values) should be supported.
Adaptation of PRACH in time domain
In RAN1#116bis, it was agreed that the adaptation of PRACH can be realized based on configuration of additional 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. 
When PRACH adaptation is applied 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 [2], 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, if the SSB-to-RO mapping for the additional PRACH resources follows legacy SSB-to-RO mapping and if a part of the additional PRACH resources overlaps with legacy PRACH resources, the collision of different SSB indices for same RO may happen (as shown in Fig.1.)
[image: ]
Figure 1: example of SSB-to-RO mapping collision issue
To avoid this collision issue, it was agreed that SSB-to-RO mapping of the additional PRACH resources are separated from SSB-to-RO mapping of PRACH resources for legacy UEs, and SSB-RO mapping of the PRACH resources for legacy UEs is not impacted if Rel-19 UE uses these PRACH resources. To achieve this, there are mainly two schemes:
Scheme 1: Allocating additional PRACH resources without overlapping with legacy resources (e.g. different SFNs, different subframes from legacy resources)
· legacy SSB-to-RO mapping rule is applied for additional PRACH resources (i.e. new mapping rule is not necessary)
· Avoidance of overlapping is realized by gNB implementation or some time offset parameter introduction
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
· separate SSB-to-RO mapping is applied depending on whether the additional PRACH resources overlaps with PRACH resources for legacy UEs or not

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 [4]:
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:
Observation 1: It should be discussed whether CD-SSB transmission with more than 20ms periodicity can be allowed by idle/inactive UEs who assume 20ms periodicity.
Proposal 1: Adaptation for CD-SSB for both Rel-19 NES-capable UE’s PCell and SCell should be considered.
Proposal 2: At least, adaptation of SSB burst periodicity (including adaptation with two configurations with different periodicity values) should be supported.
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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