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Introduction
In this contribution, we discuss the RAN2 impacts caused by RAN1 and RAN3 led NES techniques, including:
1) (as requested by RAN1) for SP CSI reporting on PUCCH, the MAC CE design to indicate sub-configuration selection;
2) (as requested by RAN3) for paging enhancement, whether RAN3’s agreements have any impact on, or could be impacted by, TS 38. 304 clause 7 Paging.
Detailed background information is as follows:
In previous RAN1 meetings, the techniques in spatial and power domains for NES were discussed, most RAN2 impacts can be implemented based on the R1 parameter list [1]. In addition, in RAN1 #113 an issue was left to RAN2 [2]:
	Agreement
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


In RAN3 #119b meeting, the paging enhancement was discussed, with the following agreements [3]:
	Enhancements on restricting paging in a limited area:
It’s up to gNB’s implementation to decide to which UEs should apply the paging enhancement technique. 
The paging enhancement technique is applicable for UEs in RRC inactive state.  
Introduce the recommended SSB beam list in the F1AP paging message.  
Introduce a list of last few served SSB beam s/recommended SSB beam list as paging assistance information to the gNB-CU in UE CONTEXT RELEASE COMPLETE message over F1AP. 
Send a LS to RAN2 asking feedback containing the agreements for RRC inactive UE, and to SA2 asking feedback for RRC idle UE. The above agreements can be revisited based on reply from RAN2.


Also, RAN3 sent a LS R3-232084 [4] with the following question to RAN2: 
	According to above agreements, paging for UEs in RRC INACTIVE state may be restricted to a limited number of beams within a cell. RAN3 would respectfully like to ask RAN2 the following question:    
Q1: Whether RAN3’s agreements have any impact on, or could be impacted by, TS 38. 304 clause 7 Paging, e.g., related to the following paragraph. 
TS 38.304 clause 7.1:
“In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.”


In SA2#157 meeting, SA2 finalized the replied LS in S2-2307984 [5] with further questions to RAN3 (how gNB determines UE mobility state; AMF condition to deleted the stored recommended SSBs). In the August meeting, RAN3 has discussed the replies [6], and finally decided to wait for RAN2 reply LS first. Therefore, it is important to conclude on the RAN2 impacts and inform RAN3 as soon as possible.
	Paging enhancement
Take the texts in the SoD as baseline, and send the draft reply LS to SA2 in Oct. meeting when we receive RAN2 reply LS.
Working assumption: To support CN paging enhancement, the recommended SSB list for Paging could be transferred in the NGAP UE context release complete message, and sent back in the NGAP Paging message in the transparent container  


Discussion
2.1 CSI report
In previous meetings, RAN1 has discussed the NES enhancements for spatial domain and power domain. The intention is to let the UE measure and report CSI corresponding to different sub-configurations. Each sub-configuration contains different parameters, including spatial domain adaptation pattern parameters and/or power offsets.
In RAN1#113 meeting, RAN1 agreed to support the CSI reporting of N out of L sub-configurations in one reportConfig. In particular, for SP-CSI report on PUCCH, MAC-CE based triggering has been agreed. The L sub-configurations will be provided to the UE via dedicated RRC signalling, and the details are pending on the RAN1 parameter list to be approved. On top of that, RAN2 needs to determine the signalling design of the MAC CE for selecting the N sub-configurations, as indicated in RAN1 agreement:
	· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


In TS 38.321 clause 6.1.3.16 [7], the SP CSI reporting on PUCCH Activation/Deactivation MAC CE is defined. It has a fixed size of 16 bits with 5 bits reserved:
	

Figure 6.1.3.16-1: SP CSI reporting on PUCCH Activation/Deactivation MAC CE


Whether the reserved 5 bits can be utilized depends on the total number of sub-configurations. RAN1 has agreed in RAN1 #112bis-e that “The maximum value of N and L are subject to UE capability”, meaning that there won’t be too many sub-configurations. Also, supporting more sub-configurations will increase UE complexity.
As long as L does not exceed 5, a bitmap of 5 bits can indicate the selected sub-configurations. If the total number of sub-configurations exceeds 5, an alternative is to use RRC signalling to configure the possible combinations of sub-configurations and use the 5 reserved bits to indicate the index of the combination, in this way, at most 2^5 combinations can be supported. On this basis, we think there is no need to introduce a new MAC CE.
Proposal 1: The reserved bits in SP CSI reporting on PUCCH Activation/Deactivation MAC CE are used to activate/deactivate sub-configurations.
2.2 Paging enhancement
The paging enhancement technique is to page a UE in only part of SSB beams within a cell, instead of in all SSB beams within a cell. This technique is mainly applicable to stationary UEs. The legacy paging assumes that the paging message is repeated in all SSB beams within a cell, as follows:
TS 38.304 clause 7.1:
“In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.”
TS 38.304 clause 7.2.1
The UE monitors one PEI occasion per DRX cycle. A PEI occasion (PEI-O) is a set of PDCCH monitoring occasions (MOs) and can consist of multiple time slots (e.g. subframes or OFDM symbols) where PEI can be sent (TS 38.213 [4]). In multi-beam operations, the UE assumes that the same PEI is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the PEI is up to UE implementation.”
Restricting paging to a limited number of SSB beams may lead to paging failure, i.e. the UE may miss the paging message if it only monitors on other SSB beams. But the failure probability is low because the mechanism applies to stationery UEs, and gNB is aware of the suitable beams to page the UE. RAN3 agreed that it is up to gNB implementation to decide to which UEs should apply the paging enhancement technique, so we think gNB will not enable this enhancement if the gNB is uncertain about the suitable beams for the UE.
However, in our understanding, such failure can be avoided by network implementation. A reasonable paging strategy of NW could be like the following:
· NW pages the UE in a limited number of SSB beams within a cell.
· If the UE does not respond to the paging in a pre-set time, NW will page the UE in all SSB beams within the cell.
This is similar with the sub-area paging in current spec, as described in TS 23.502 as follows:
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< Irrelevant text skipped>
Paging strategies may include:
-	paging retransmission scheme (e.g. how frequently the paging is repeated or with what time interval);
-	determining whether to send the Paging message to the (R)AN nodes during certain AMF high load conditions;
-	whether to apply sub-area based paging (e.g. first page in the last known cell-id or TA and retransmission in all registered TAs). 



[bookmark: _Hlk134610069]By implementing such paging strategy, the UE behaviour can keep unchanged and there is no RAN2 impact. Thereby the paging enhancement technique could also apply to legacy UEs.
Proposal 2: There is no RAN2 impact of paging enhancement. The paging failure could be avoided by proper NW implementation.
The draft reply LS to RAN3 is provided in the appendix.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discuss the signalling design of the MAC-CE for spatial/power domains enhancements and paging enhancement in a limited area, and have the following proposals:
Proposal 1: The reserved bits in SP CSI reporting on PUCCH Activation/Deactivation MAC CE are used to activate/deactivate sub-configurations.
Proposal 2: There is no RAN2 impact of paging enhancement. The paging failure could be avoided by proper NW implementation.
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1. Overall Description:

RAN2 would like to thank RAN3 for their LS on the enhancements to restricting paging in a limited area.

RAN2 discussed Q1 and would like to provide the following answer.

Q1: Whether RAN3’s agreements have any impact on, or could be impacted by, TS 38. 304 clause 7 Paging, e.g., related to the following paragraph. 
TS 38.304 clause 7.1:
“In multi-beam operations, the UE assumes that the same paging message and the same Short Message are repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message and Short Message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.”

RAN2's Answer:
No RAN2 impact is identified. The UE behavior does not need to be changed, and the paging failure can be avoided by proper NW implementation.

2. Actions:
To RAN3
ACTION: 	RAN2 kindly asks RAN3 to take above information into account.

3. Date of Next RAN2 Meetings:
3GPP TSG RAN WG2#124	13 – 17 Nov, 2023		Chicago, US
3GPP TSG RAN WG2#125	26 Feb – 1 Mar, 2024		Athens, GR
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