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1. [bookmark: _Ref165266342]Introduction
In RAN2#115bis, paging adaptation was discussed. Companies have already proposed bundling of Paging Frames in the last meeting, even keeping the total number of Paging occasions same. This was also studied and captured in the TR 38.864. The agreements were achieved as follows:
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. [bookmark: _Hlk165910711][bookmark: _Hlk165910695]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. [bookmark: _Hlk165913030]For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
[bookmark: _Hlk165913622] 	- 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)
This paper intends to check if it is possible to achieve better energy saving with respect to paging transmission. Also, PRACH adaptation related issues are discussed in this paper.
2. Discussion
Paging enhancement
In a non-multibeam scenario 4 out of 10 subframes per PF can be used for paging that is there can be at most 4 PO per PF. A paging message can only be sent in a PO. The paging message can at most include 32 paging records in the paging message where each paging record includes the UE identities of the UEs being paged. The theoretical paging capacity as maximum number of UEs paged per second in an NR non-multibeam cell is thus limited by:
.
The parameters are defined as follows:
-	Paging Frames (PF) per second: 
-	Paging Occasions (PO) per PF: 
-	Maximum number of paging records in paging message: 

The current paging transmission system in 5G NR is over-dimensioned and even if only a few UEs need to be transmitted, it may have to wake up and transmit paging often if the UEs to be paged are listening to paging at different time occasions, calculated as in 3GPP TS 38.304. The below tables show examples of the extent of over dimensioning:
[bookmark: _Ref165560035]Table 1: Example where only 8 Paging records are transmitted on an average during peak hours in a cell with 2000 UEs.
	Default Paging Cycle
	1,28
	 
	 

	N
	16
	 
	 

	Ns
	1
	 
	 

	Avg #Voice Call + SMSs per hour
	1
	 
	 

	Application like whatsApp/ Keep alive frequency 1 per x seconds
	45
	 
	 

	Keep Alive (assuming DL) 1/ 45 seconds
	80
	 
	 

	How many Paging per UE per day (24 hrs)
	81
	 
	 

	 
	#UEs in a Cell with a corresponding paging area

	 
	200
	1000
	2000

	Total number of pagings per hour
	16200
	81000
	162000

	Number of Paging RRC Messages required
	507
	2532
	5063

	How many Paging RRC msgs can be sent every hour
	22500
	 
	 

	Overdimensioned factor
	44
	8
	4



Table 1 shows that even for large cells with 2000 Idle UEs, the paging scheme is 4 times over-dimensioned leading to an average of 8 Paging records included in each paging occasion. This is calculated based on highest value of N (1/16, meaning Only every 16th frame is a paging frame as opposed to every or every second, fourth etc.) and for Ns = 1. For application paging, it is assumed that some applications transmit data to the UE in DL or at least a “keep alive” message once every 45 seconds. This varies from application to application and e.g., Windows sends keep alive not more frequently than once per 2 hours, according to Wikipedia. 
Many companies have talked about bundling the Paging frames and Paging occasions such that the total number of paging occasions are kept the same. Taking an example from TR 38.864: Figure 1 illustrates an example paging frame and occasion when N is configured to T/4, and Ns is configured to 4. When N is set to T/4, gNB potentially may need to transmit paging every 4 frames.
[image: ]
[bookmark: _Ref165648347]Figure 1: Legacy Paging frame and paging occasion allocation when N = T/4 and Ns = 4

It might be possible to support the same paging transmission density by squeezing the POs to consecutive slots or frames, such that gNB does not necessarily need to wake up frequently. Figure 2 illustrates some examples of potential enhancement that could be made for paging.
[image: ]
[bookmark: _Ref165648393]Figure 2: Shifting PFs/ POs into consecutive frames or slots while maintaining the same paging occasion density
The above scheme is the basis of energy saving and the 3GPP TR 38.864 based on simulation results concludes:
One source observed that for BS category 1 and at empty load case, statically adapting paging configuration could provide BS energy savings by 0.2%~6.7% when paging load (resource used for paging) is 0.2%~0.5%, and the gain can be up to 42.3% when paging load is increased up to 3.6%. The gain could also increase as the number of SSB increases. Performance of dynamically adapting paging configurations is not provided. The above energy saving gains were achieved with SSB periodicity of 80ms or 160ms.
The enhancements proposed so far keep the number of Total POs same as today. This results in same number of RRC Paging messages (PDSCH) and as Table 1 shows there is room to pack the 32 paging records in the paging message in better way to minimize PDSCH transmission. For example, instead of 3 Paging messages with 2 paging records each, one paging message with 6 records saves PDSCH transmission. Same applies to Paging DCI transmissions.
Proposal 1: RAN2 kindly discuss bundling of POs and resulting PDSCH efficiently to achieve better energy saving.

Clarification on the objective
It is captured in TR38.864 that Paging on a non-anchor NES cell without SIB or a non-anchor NES cell without SSB and SIB is not supported. 
Referring to the WID and RAN1 progress, the scenario that can apply paging enhancement is not clear. Can paging enhancement be applied in the case of NES operation without SIB1/SSB? We think the paging enhancement discussed in this agenda item is limited to the paging enhancement of a cell with legacy SIB1 and SSB transmission. As to the paging enhancement for a cell without SIB1 and/or SSB, it shall be discussed in other agenda items e.g., AI8.5.2, AI 8.5.3.
[bookmark: _Hlk162968210]Proposal 2: RAN2 to clarify the paging enhancement is only applied in a cell with legacy SIB1 and SSB transmission, i.e., a cell without needing an Anchor cell concept.
The discussion on adaptation of common signal/channel transmissions includes adaptation of SSB, PRACH and paging occasions in time domain. It could be the three kinds of adaptation are configured on one cell, also it could be restricted that only one adaptation is configured for one cell at a time.
Proposal 3: RAN2 to clarify whether adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently.
Referring to RAN1 progress on adaption of SSB, a cell with both legacy UEs and Rel-19 NES-capable UEs is supported. Then we shall not assume that paging adaptation is configured by preventing the access of legacy UE via barring if adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently. It seems option 1 for paging adaptation is excluded if adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently. 
observation 1: For Paging adaptation, option 1 (Prevent the access of legacy UE via barring) may be excluded if adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently.
Proposal 4: RAN2 kindly ensure that SSB, PRACH and paging occasions adaptation should not affect legacy UEs.

RACH enhancement
In RAN1#116bis discussion on the RACH adaptation for Rel-19 took place with the following agreements:
	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 



According to RAN1 agreement, the configuration of additional PRACH resources is provided by semi-static signaling. From point view of RAN2 specification, the configuration of additional PRACH resources is separately configured from the legacy RACH configuration in SIB 1, wherein the configuration of additional PRACH resources needs to indicate at least the PRACH configuration index, Number of SSBs per RACH occasion. The other config(s) e.g., msg1-FDM, msg1-FrequencyStart, may be also separately configured from the legacy RACH configuration for flexibility. If the other config(s) are not separately configured, UE default reuses the config in legacy RACH configuration. 
Proposal 5: RAN2 to agree the additional RACH occasion for adaptation in time domain is separately configured in RACH configuration from legacy RACH configuration in SIB1.
Proposal 6: RAN2 to agree the separate RACH configuration indicates at least RA config Index and Number of SSBs per RACH occasion, the other config(s) e.g., msg1-FDM, msg1-FrequencyStart, may be also separately configured. If the other config(s) are not separately configured, UE default reuses the config in legacy RACH configuration.
3. Conclusion
In summary, we have following observations and proposals for adaptation of common signal/channel transmissions:
Proposal 1: RAN2 kindly discuss bundling of POs and resulting PDSCH efficiently to achieve better energy saving.
Proposal 2: RAN2 to clarify the paging enhancement is only applied in a cell with legacy SIB1 and SSB transmission, i.e., a cell without needing an Anchor cell concept.
Proposal 3: RAN2 to clarify whether adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently.
observation 1: For Paging adaptation, option 1 (Prevent the access of legacy UE via barring) may be excluded if adaptation of SSB, PRACH and paging occasions can be configured on one cell concurrently.
Proposal 4: RAN2 kindly ensure that SSB, PRACH and paging occasions adaptation should not affect legacy UEs.
Proposal 5: RAN2 to agree the additional RACH occasion for adaptation in time domain is separately configured in RACH configuration from legacy RACH configuration in SIB1.
Proposal 6: RAN2 to agree the separate RACH configuration indicates at least RA config Index and Number of SSBs per RACH occasion, the other config(s) e.g., msg1-FDM, msg1-FrequencyStart, may be also separately configured. If the other config(s) are not separately configured, UE default reuses the config in legacy RACH configuration.
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