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1	Introduction
This TDoc discusses open issues on paging occasions and paging delivery for SL relay. 
2	Paging
2.1	Orthogonal Paging Occasions in UE2N Relay   
In RAN2#115 R2-2107756 Summary of [Post114-e][605][Relay] SI and paging forwarding the following has been discussed and agreed for paging monitoring in U2N relay:
Agreements:
When L2 Relay UE in RRC CONNECTED and L2 Remote UE(s) in RRC_IDLE/RRC_INACTIVE, the Relay UE can monitor PO of its PC5-RRC connected Remote UE(s) if the active DL BWP of Relay UE is configured with common CORESET and common search space.
For L2 relay UE in RRC_CONNECTED and L2 remote UE(s) in RRC_IDLE/RRC_INACTIVE, we specify signalling for delivery of the remote UE’s paging through dedicated RRC message.  Network implementation decision whether to use it (or keep the relay UE on BWP with CSS).  Can be revisited if a problem is found with network knowledge of which paging to forward.

In RAN2#116 R2-2109928 (Summary of [POST115-e][610][Relay]) the following has been discussed and agreed for paging monitoring in U2N relay:

Proposal 1: 	Relay UE in RRC_CONNECTED, if configured with paging CSS, can determine whether to monitor POs for a remote UE based on PC5-RRC signalling received from the remote UE.  FFS on the signalling contents and for the case of idle/inactive relay UE. [18/23]
Proposal 2: 	Remote UE paging occasions are derived by the relay UE from the formula in 38.304 (for PF/PO calculation).  [23/23]
Proposal 3: 	Relay UE determines all parameters except for the UE specific DRX cycle and the UE ID, from the relay’s own acquisition of SIB1.  FFS details of what the remote UE provides to the relay UE for the remote UE’s UE specific DRX cycle. [20/23]
Proposal 4: 	UE ID and information on UE specific DRX cycle (as provided by the remote UE in accordance with P3) is provided by the remote UE to the relay UE using PC5-RRC signalling. [23/23]
Proposal 5: 	The dedicated RRC message for delivering remote UE paging to the RRC_CONNECTED relay UE may contain one or more remote UE IDs (5G-S-TMSI or I-RNTI). [23/23]
Proposal 11: 	Agree that Relay UE can notify Remote UE ID (i.e. 5G-S-TMSI/I-RNTI) information to the gNB via dedicated RRC message for paging delivery purpose. [23/23]

In principle RAN2 agreed that paging (for the remote UE) can be either via dedicated RRC signalling (see P5: RRC message from gNB to the relay UE) or via a normal paging message on POs (P1-P4). However as agreed in RAN2#115 it remains a network implementation decision whether dedicated RRC signalling to the relay UE is used. 

In the following we discuss issues when PO forwarding over dedicated RRC signalling is not possible and the relay UE must monitor the PO for/on behalf of the remote UE. In the above stated agreements, it is assumed that the relay UE is capable to perform the monitoring of POs on the pagingSearchSpace associated with its connected remote UE(s). In other words, the underlying assumption is that the relay UE and the remote UE(s) are configured in the same active DL BWP with common CORESET and in the same common search space.

While the sidelink communication over the PC5 interface between the relay UE and the remote UE(s) will use a common carrier with a single BWP, that is not necessarily the case for the Uu interface of the relay UE and the remote UE(s), i.e. the relay UE’s Uu carrier configuration can be different from the remote UE’s carrier configuration.
So, the problem is that the relay UE might not be capable to perform the PO monitoring on behalf of the remote UE, although the signalling for paging monitoring and forwarding has been specified in RAN2. In other words, the pagingSearchSpace of the remote UE might be disjoint to the pagingSearchSpace of the relay UE or the relay UE is not capable to configure/set the pagingSearchSpace indicated by the remote UE as illustrated in Fig. 2.1-1:
- the relay UE is configured with another BWP than the remote UE.
- the relay UE is associated with another PLMN than the remote UE.
- the relay UE is using another band than the remote UE
- disjoint Uu DRX cycles (relay UE may miss the remote UE’s PDCCH due to its Uu DRX cycle) e.g. a relay UE may have been configured with a very long paging cycle compared to its remote-UE 
Figure 2.1-1: Problem of orthogonal POs of relay UE and remote UE: a) adjacent CSS within same BWP b) different BWPs c) different Uu carriers
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Observation 1: The pagingSearchSpace of remote UE and relay UE might be disjoint. 

Observation 2: In case dedicated RRC signalling for PO forwarding is not implemented/supported by the network it is NOT ensured in SL relay Rel-17 specification that a remote UE can be paged with normal/conventional PO.   

An obvious approach to resolve the issue of orthogonal pagingSearchSpace of remote UE and relay UEs is to perform a capability check at the relay UE (whether the relay UE is capable to perform monitoring of POs of the remote UE).

Proposal 1: RAN2 to agree that the relay UE performs a capability check whether the relay UE can monitor the PO of the remote UE. 
 
In case the relay UE cannot perform the monitoring, the relay UE may inform the network such that the network either uses dedicated RRC signalling or translate the PO intended for the remote UE into a modified pagingSearchSpace that can be monitored by the relay UE. 

Proposal 2: RAN2 to agree in case the relay UE is not able to perform PO monitoring for the remote UE, the relay UE may inform its serving cell. 

Proposal 3: The relay UE’s serving cell may modify the pagingSearchSpace of the remote UE to make it receivable by the relay UE. 

2.2	Paging delivery to remote UE over PC5
The information that is delivered from the relay UE to the remote UE remained open at RAN2#116e. When the content of the paging message sent over PC5 was discussed at RAN2#116e the following options were the candidates:
a)	the entire paging record
b)	UE ID of the remote UE being paged only
c)	paging type only
The main reason for option b) and c) is the efficiency over PC5, as it only delivers the necessary information to the remote UE over PC5. We think that this is coming from the misinterpretation of option a), as our understanding is that option a) means the delivery of the PagingRecord of the remote UE not the full PagingRecordList. There is no real difference in option a) and b), as the PagingRecord consists of the UE identity and the access type indicator at the moment:
PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}

In the future the PagingRecord may be extended with new indicators (e.g., in case of MUSIM it may contain an additional voice indicator), but all together a PagingRecord is not expected to be significantly larger than it is now (e.g., it can be assumed that it will never be larger than 64 bits) to avoid significant decrease in the paging capacity. (Note that the full PagingRecordList is not very large either, as it maximum consists of 32 PagingRecords, i.e., it is smaller than 2000 bits, which can be easily sent in a single transmission unit over PC5.) 
The advantages of sending the full paging record of the remote UE over PC5 are the following:
1)	simple from the relay UE processing perspective, as the remote UE just copies the received paging record;
2)	simple from the remote UE processing perspective as it can be processed as a paging record received in a normal paging message;
3)	future proof: if the paging record is extended with new indicators, then it can be automatically re-used in relay architecture if the extension is relevant.
Proposal 4: The relay UE sends the full PagingRecord of the remote UE to the remote UE over PC5.
2.3	Paging in dedicated RRC message over Uu
At RAN2#116e it remained open 
a)	the information that is delivered to the remote UE when dedicated signalling is used, and
b)	which RRC message type will be used for this purpose over Uu.
The issues and the alternatives to be considered for the information to be delivered to the relay UE when the paging of a remote UE is delivered via dedicated signalling are similar to issues and alternatives of the paging indication over PC5 (see previous section). Our view is that due to same reasons as in the PC5 case the simplest and most future proof solution is that the full PagingRecord of the paged remote UE is sent over Uu in dedicated signaling. 
We also think that the paging message sent over PC5 shall not depend on whether the relay UE receives the paging via the paging channel or via a dedicated message, and thus the same information should be delivered to the relay UE in both cases.
Proposal 5: The network sends the full PagingRecord of the paged remote UE to the relay UE when the paging is sent in a dedicated signalling over Uu.
If multiple remote UEs are paged at the same time, then it is more efficient to include all the PagingRecords in a single RRC message. As the PagingRecord is not large (smaller than 64 bits), nothing prevents to include many of them in a single RRC message over Uu. Re-using the current PagingRecordList is a straightforward way for this.
Proposal 6: The network may send multiple PagingRecords of paged remote UEs in a single message using the existing PagingRecordList.
At RAN2#116e there was an additional discussion on the RRC message type to be used over Uu to deliver paging of remote UEs. Most of the companies found that re-using an existing message type is better than defining a new one. The main candidates of existing message types are:
· RRCReconfiguration message
· DLInformationTransfer message
The purpose of the RRCReconfiguration message is to modify the RRC configuration of the UE and it requires a response message from the UE. We think that it is not appropriate to use it to deliver paging of a remote UE, as it does not really fit in the purpose of the message (receiving a paging will not require an RRC configuration change over Uu) and requires an unnecessary response from the relay UE to the network. 
The purpose of DLInformationTransfer message to transfer NAS dedicated information from NG-RAN to a UE in RRC_CONNECTED. To extend this message with transferring paging information of remote UEs is possible without any fundamental change in the procedure, and this message requires no response from the relay UE to the network.
Proposal 7: If dedicated signalling is used to send paging of remote UE(s) to the relay UE in RRC_CONNECTED, then DLInformationTransfer message is used.

3	Conclusion
In this Tdoc we have provided the following observations and proposal
Observation 1: The pagingSearchSpace of remote UE and relay UE might be disjoint. 

Observation 2: In case dedicated RRC signalling for PO forwarding is not implemented/supported by the network it is NOT ensured in SL relay Rel-17 specification that a remote UE can be paged with normal/conventional PO.   

Proposal 1: RAN2 to agree that the relay UE performs a capability check whether the relay UE can monitor the PO of the remote UE. 
 
Proposal 2: RAN2 to agree in case the relay UE is not able to perform PO monitoring for the remote UE, the relay UE may inform its serving cell. 

Proposal 3: The relay UE’s serving cell may modify the pagingSearchSpace of the remote UE to make it receivable by the relay UE. 
Proposal 4: The relay UE sends the full PagingRecord of the remote UE to the remote UE over PC5.
Proposal 5: The network sends the full PagingRecord of the paged remote UE to the relay UE when the paging is sent in a dedicated signalling over Uu.
Proposal 6: The network may send multiple PagingRecords of paged remote UEs in a single message using the existing PagingRecordList.
Proposal 7: If dedicated signalling is used to send paging of remote UE(s) to the relay UE in RRC_CONNECTED, then DLInformationTransfer message is used.
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