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1	Introduction
Paging relaying was extensively discussed by RAN2 during previous meetings in the course of feD2D Study Item. The conclusions reached so far for Paging are summarized below:
	Agreements:
· The UE should be in linked state with a relay in order to receive paging from a relay UE 

Option1
· Add to the description a single receiver UE can only connect to Uu in this option.  The UE cannot be linked to the relay via PC5.  

Advantages: 
· The L2 relay UE does not need to relay remote UE’s paging over short range link (no additional power consumption for L2 relay UE, no additional use of SL resource).

Disadvantages:
· It is not applicable when a remote UE is out of E-UTRAN coverage.
· The remote UE needs to attempt paging reception over DL in addition to the reception of short range link while linked to L2 relay UE (less power efficient for the remote UE).

Option 2
· Add to the description that the relay UE has to know the paging occasion of the remote UE.   The relay UE has to decode a paging message and determine for which UE the paging is for.  
Advantages: 
· It is commonly applicable to both when the remote UE is in and out of E-UTRAN coverage. 
· The remote UE does not need to attempt paging reception over DL while linked to L2 relay UE (more power efficient for the remote UE).
· No need for network to know whether the UEs are linked or associated 

Disadvantages: 
· The L2 relay UE needs to monitor multiple POs.  Less power efficient for the L2 relay UE as the power consumption may increase depending on the number of remote UEs linked to a relay UE.  
· The L2 relay UE needs to relay remote UE’s paging over short range link (additional power consumption for L2 relay UE, additional use of SL resource)

Option 3 
· Add to the description the details of what MME needs to know to update status and remap paging  
Advantages: 
· It is commonly applicable to both when the remote UE is in and out of E-UTRAN coverage. 
· The remote UE does not need to attempt paging reception over DL while linked to L2 relay UE (more power efficient for the remote UE).
· The L2 relay UE does not need to monitor multiple POs (more power efficient for the L2 relay UE compared to the option 2).
Disadvantages: 
· The L2 relay UE needs to relay remote UE’s paging over short range link (additional power consumption for L2 relay UE, additional use of SL resource).
· The network needs to know the linked state.

· The “linked” remote UE will support paging over relay while in-coverage and out-of-coverage.  FFS if network can configure the UE to monitor Uu paging while in-coverage
· The relay UE will support forwarding of paging for out-of-coverage and in-coverage to remote UEs.  



This paper focuses on some of the remaining aspects of paging relaying excluding the aspect of Paging relaying for in-coverage UEs, which is discussed together with SI relaying for in-coverage UEs in [1].
2	Paging relaying considerations
After the last meeting, an agreement was reached that Paging can be relayed to these remote UEs, which are linked with the relay UE. It is still to be decided whether the relay should monitor remote UEs’ paging occasions (POs) to receive its paging message (option 2) or POs of remote UEs will be modified by the network in such a way that paging occurs in Relay UE’s POs (option 3). The decision may be facilitated once the reply to an LS sent in [2] to SA2 is received. However, there are some common points of the solutions, which can be further discussed. Such aspects include:
· When is the relay UE obliged to monitor for paging of its linked UEs?
· How does the relay UE detect remote UE’s paging message?
· How is the paging message relayed to the remote UE?
2.1 When to monitor for remote UEs paging
It has been agreed that paging monitoring is supported for both OoC and in-coverage remote UEs, which are linked to the relay UE. However, in both of these cases there may be situations in which relay UE would not like to monitor for paging of remote UEs, even though network configuration would allow for such possibility, e.g. relay UE has limited processing capabilities and too many linked UEs already. On the other hand, remote UE might still decide that it prefers receiving paging over Uu interface (e.g. it supports eDRX or it is receiving some other data over Uu (e.g. MBMS)) Therefore, there should be a possibility for the relay UE to indicate whether paging relaying “service” is currently supported and for the remote UE to request this “service” when desired. 
Proposal 1: Relay UE may indicate whether paging relaying functionality is available for its linked remote UEs.
Proposal 2: Remote UE may request its linked relay UE to monitor for its paging messages. 
How exactly is this information provided to the UEs should be discussed by SA2 and CT1 WGs as they are responsible for defining the contents of both Discovery and PC5 Signalling Protocol messages. Once the design principles are agreed an LS will have to be sent to SA2/CT1 asking to discuss the details and implement it accordingly in their specifications. 
2.2 How to detect remote UE’s paging message
A Paging Message can contain multiple Paging Records, so that it is possible to page multiple UEs with a single message. One of the approaches would be to relay all the Paging Messages occurring in monitored POs to remote UEs and for the remote UEs to check whether their identity is included there. However, such approach is not power efficient for neither remote UE and relay UE. Therefore, it would be preferred for the relay UE to check for the remote UE’s identity in those Paging messages, which may concern it. Only in case there is a paging, which may be of remote UE’s concern, the Paging Message should be forwarded. It should be noted that remote UE may be interested in not only unicast paging, but also other notifications including SI modification notification, ETWS/CMAS notifications etc. Therefore, relay UE should relay the paging messages including not only remote UE’s identity, but also other relevant notifications. 
Proposal 3: If relay UE is performing paging monitoring on behalf of remote UE, it should relay only the messages, which may concern the remote UE, i.e. the ones including remote UE’s identity or other notifications as e.g. SI modification notification, ETWS/CMAS etc.
For that to be possible relay UE needs to know remote UE’s identity. The one that is used for paging in non-error cases is S-TMSI, which is a temporary identifier managed by the MME. During some error cases a network may use IMSI for paging, but this is done extremely rarely as it is deemed insecure. We do not think that IMSI based paging relaying should be supported. Therefore, remote UE, when requesting relay UE to monitor its paging should provide its S-TMSI at the same time. In case option 2 is used also other information would be required, e.g. the one allowing relay UE to determine remote UE’s POs, but this can be discussed at a later stage, once paging solution is agreed.
Proposal 4: Remote UE provides at least its S-TMSI while requesting the relay UE to monitor its paging. Whether additional information is needed is FFS.
3	Idle mode mobility aspects of OoC remote UEs
In this section, we focus on Idle Mode mobility procedures for a remote UE. Reachability of the UE in Idle Mode is ensured by maintaining up to date information about UE’s location on Tracking Area level in MME, which is possible thanks to UE sending Tracking Area Update message periodically or when moving to a Tracking Area, which is not on its current TA list. If Remote UE is to be reachable by the network even out of coverage it needs to keep updating its position to the network. Since it will be the Relay UE, which will be monitoring for its Paging, Remote UE should always assume itself to be in the Tracking Area where its Relay UE is. Therefore, Relay UE needs to provide information about its current Tracking Area to out of coverage Remote UEs, especially in case it moves to another TA or when PC5 connection for relaying purposes is established, so that Remote UE can perform TAU procedure. The procedure itself does not have to change, the only difference is that it takes place using relayed connection.
Proposal 5: Relay UE provides out of coverage Remote UE with the current Tracking Area ID when PC5 connection for relaying purposes is established or when Relay UE moves to a new Tracking Area while being linked with the Remote UE.
Proposal 6: An out of coverage Remote UE performs TAU procedure using indirect 3GPP connection when it detects TA ID provided to it by Relay UE is not on its current TA list or when its pTAU timer expires.
4	Summary
This paper addressed some open issues related to Paging relaying mechanism, disregarding of which of the options is chosen for final standardization. Based on the presented discussion the following is proposed:
Proposal 1: Relay UE may indicate whether paging relaying functionality is available for its linked remote UEs.
Proposal 2: Remote UE may request its linked relay UE to monitor for its paging messages. 
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