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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]Rel-19 NES WI has been approved in RANP#102 [1]. The WID describes the following objective on the adaptation of common signal/channel transmissions. 
	3. 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 RAN2#125-bis meeting, there are following agreements on paging adaptation [3]:
Agreements on paging adaptation:
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
In this contribution, we would like to discuss and provide our views on the adaptation of common signal/channel transmissions.
[bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Discussion
 Adaptation of SSB in time domain
In RAN1#116-bis meeting, there are the following agreements on the adaptation of SSB in time domain [2].
	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



For the adaptation of SSB, it is necessary to determine applicable scenarios before discussing how to adapt SSB in time domain. As shown in the agreement, it has been agreed that adaptation of SSB can be applied to PCell and SCell for Rel-19 NES capable UEs in RRC_CONNECTED mode.
As specified in TS38.213, for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. Thus, adaptation of SSB in time domain, e.g., adaptation of SSB burst periodicity or skipping some SSB transmission, would cause initial access latency or access failure for UEs in RRC_IDLE/RRC_INACTIVE mode. 
To avoid negative impact on both legacy and Rel-19 NES-capable UEs in RRC_IDLE/RRC_INACTIVE mode, legacy UEs can be prevented from accessing the network using cell barring, and Rel-19 NES-capable UEs can be provided SSB assumption with an enlarged periodicity to satisfy the requirement of adaptation of SSB periodicity. From RAN2 perspective, it is possible to support SSB adaptation for the UEs in RRC_IDLE/RRC_INACTIVE mode.

Proposal 1: RAN2 confirms it is possible to support adaptation of SSB in both RRC_CONNECTED mode and RRC_IDLE/RRC_INACTIVE mode:
· Rel-19 NES UEs can be provided assumed SSB with a periodicity larger than 20ms. 
· Legacy UEs can be barred from accessing the NES cell. 

For adaptation of CD-SSB, or NCD-SSB, RAN2 can wait for RAN1’s discussion result in the next meeting.

 Adaptation of PRACH in time domain 
In RAN1#116-bis meeting, there are the following agreements on the adaptation of PRACH in time domain [2].
	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
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



As shown above, the adaptation mechanism of additional PRACH resources for NES-capable UEs are agreed. NES-capable UEs can use both additional PRACH resources and legacy PRACH resources for legacy UEs. In high load or medium load case, the legacy and additional RPACH resources are both active, and in case of low load and low number of UE accesses, additional PRACH resources are deactivated to achieve energy saving gain. 
For random access in additional PRACH resource, before discussing additional PRACH resource configuration/indication, the random access type should be discussed first.
For 4-step and 2-step random access, there are two possible options. One option is to support both 4-step and 2-step random access for additional RPACH resources, and the other option is to support 4-step random access first and deprioritize 2-step random access. 2-step random access is an optional function, and it can be applied only in good RSRP, and it may cause larger signaling overhead, such as PUSCH configuration. Therefore, the first option  has full flexibility and no restriction for random access while the second option has a small signaling overhead and specification impacts. 
Proposal 2: RAN2 to discuss whether the following types of random access should be supported for additional PRACH resource for NES UEs.
· Option1: Support both 4-step RA and 2-step RA.
· Option2: Support only 4-step RA. 
For CBRA and CFRA, there are also two possible options. Option 1 is to support both CBRA and CFRA, and Option 2 is to support only CFRA (FFS: CBRA). CFRA can be controlled by gNB. Comparing with CBRA, CFRA is easier for gNB to make decision of adaptation of PRACH in time domain. However, NR supports both CBRA and CFRA procedure, and the normative work to support random access in additional RPACH resources should cover CBRA and CFRA. Option 1 has more flexibility and no restriction while Option 2 has an easier gNB implementation. 
Proposal 3: RAN2 to discuss whether the following contention types should be supported for additional PRACH resource for NES UEs.
· Option1: Support both CBRA and CFRA.
· Option2: Support only CFRA. 

 Adaptation of paging occasions
In the last RAN2 meeting, RAN2 agreed that RAN2 will study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF. In the following, we would like to discuss the details of these two options. 

a) bundle paging frames
In this option, the PFs of the NES UE can be close to the PFs of non-NES UEs. For example, the PFs of NES UEs can have an offset to the PFs of the non-NES UEs. In the example in Figure 1, N is reduced for the non-NES UEs and the PFs of NES UEs are configured next to the legacy PFs. 


Figure 1 Example of confining PFs in the time domain
To be specific, the NES PFs can be configured by an offset to the legacy PFs. In this case, a new PF formula needs to be introduced for the NES UEs. If there can be multiple PFs bundled, the PF formula will be changed to: 
(SFN + PF_offset + i) mod T = (T div N)*(UE_ID mod N),
where i is the index of the PF in the PF bundle. In this option, the NES PFs and legacy PFs are adjacent to each other. 

b) extend the values of N and increase POs per PF.
In this option, the POs of NES UEs can be adjacent to the legacy POs. Similarly, the POs of NES UEs can have an offset to the POs of non-NES UEs. In the example in Figure 2, N is reduced for the non-NES UEs and the POs of NES UEs are adjacent to the legacy POs.


Figure 2 Example of confining POs in the time domain
For the PO determination, the NES POs can be configured by an offset to the legacy POs. The index i_s of the legacy PO is determined by: i_s = floor (UE_ID/N) mod Ns, and the NES PO can be the symbol or slot of the legacy PO plus k, where k is the index of NES POs. 

Summary 
In our understanding, both of the above-mentioned options for a) and b) can be used for the adaptation of paging occasions and the gNB can have longer sleep time to save its power by the two options. Therefore, we propose RAN2 to discuss these options for a) and b). 
Proposal 4: RAN2 to discuss the following options for the adaptation of paging occasions:
· Option A: NES PF is configured by an offset to the legacy PFs. 
· Option B: NES PO is configured by an offset to the legacy PO. 

Furthermore, RAN2 also agreed to discuss the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
	- Option 1: Prevent the access of legacy UE via barring;
	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
In Option 1, the cell with paging adaptation may be deployed as hotspots and normal cells should be deployed providing the overlapped coverage with the cell with paging adaptation. Then the legacy UEs can find a normal cell to camp on. In addition, the NES UEs may need to ignore the barring e.g., in MIB and consider other indication(s) in the cell with paging adaptation to determine whether the cell is suitable. This will introduce different behaviors for NES UE’s camping/access. 
In Option 2, the legacy UEs are also allowed to camp on the cell with paging adaptation, so the network capacity or coverage would be better compared with Option 1. For the legacy/non-NES UEs, the legacy PCCH-config is used for the determination of PF/PO. For the NES UEs, a new paging configuration may be needed to confine the paging occasions in the time domain.
From network deployment and capacity perspective, we prefer Option 2.  
Proposal 5: RAN2 adopts separate paging resources for legacy UEs and Rel-19 NES UEs. 

Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions about the adaptation of common signals or channels, and the following proposals are made:
Proposal 1: RAN2 confirms it is possible to support adaptation of SSB in both RRC_CONNECTED mode and RRC_IDLE/RRC_INACTIVE mode:
· Rel-19 NES UEs can be provided assumed SSB with a periodicity larger than 20ms. 
· Legacy UEs can be prevented from accessing the NES cell. 
Proposal 2: RAN2 to discuss whether the following type of random access should be supported for additional PRACH resource for NES UEs.
· Option1: Support both 4-step RA and 2-step RA.
· Option2: Support only 4-step RA. 
Proposal 3: RAN2 to discuss whether the following contention type should be supported for additional PRACH resource for NES UEs.
· Option1: Support both CBRA and CFRA.
· Option2: Support only CFRA. 
Proposal 4: RAN2 to discuss the following options for the adaptation of paging occasions:
· Option A: NES PF is configured by an offset to the legacy PFs. 
· Option B: NES PO is configured by an offset to the legacy PO. 
Proposal 5: RAN2 adopts separate paging resources for legacy UEs and Rel-19 NES UEs. 
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