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1. Introduction 
In the TR [2] three solutions for performing paging to a remote device are captured. Solution 1 is direct paging over the Uu link, which cannot be used for the out of coverage case, but could potentially be used for in-coverage and is needed for unidirectional relay.
It was agreed that paging via relay is supported for the in coverage case, and one of solutions 2 or 3 will be used. Solution 1 may still be a network configuration option (FFS). 

The LS to SA2 in [3] has highlighted the main advantages and disadvantages of solutions 2 and 3, as per the following table.

	
	Advantages
	Disadvantages

	Option 2
	No need for MME to know whether the UEs are linked or associated
	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.  

	Option 3
	The L2 relay UE does not need to monitor multiple POs (more power efficient for the L2 relay UE compared to the option 2).
	The MME needs to know the linked status.


2. Discussion
Paging identity

In order for the relay device to monitor for paging on behalf of the remote UE, two things are needed.

1) Paging identity (for checking paging record list)

2) Paging occasion + paging frame.
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Figure 1: Paging for evolved ProSe Remote UE (Option 2)
For solution 2, shown above in figure 1, the relay UE needs to know both the paging occasion + frame of the remote device (to monitor the correct PO+PF) and the paging identity (in order to selectively forward the relevant paging message). 
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Figure 2: Paging for evolved ProSe Remote UE (Option 3)
For solution 3, shown above in figure 2, the relay UE does not need to know the PO+PF but it needs to know the remote UE paging identity. 
Paging occasions are calculated using IMSI, and the paging identity can be IMSI or P-TMSI. The simplest approach from the network point of view would be for the relay device to obtain the UE identity (IMSI or P-TMSI) of the remote device, and monitor the paging record list of the remote UE as well as its own (For both solution 2 or 3). The relay device will notify the remote UE, if it detects a paging message addressed to the remote UE. 
However, this implies that the trust relationship between the relay and remote UE is sufficient enough that the UE identity can be shared from the remote UE to the relay UE. Another identity needs to be used in order to avoid sharing of the actual UE identity which, contrary to the agreement in the last RAN2 meeting, implies that the network needs to know the linked status of remote UE and relay UE in both solutions 2 and 3.
One option would be to use a temporary paging identity (e.g. a P-TMSI which is provided to both remote UE and relay UE upon linking) or to use the relay device’s P-TMSI with an extension identifying the paging is addressed to the linked remote UE (e.g. the L2 identifier used for identifying the remote UE bearer).
Proposal 1: In order to allow relay UE to monitor for paging on behalf of the remote UE, a temporary identity needs to be used in the paging record list which does not disclose the actual UE identity, regardless of whether option 2 or 3 in TR 36.346 is used.
A suitable approach would be for the network to allocate the temporary ID when the remote UE first links with a connection with a relay. The MME needs to have knowledge of the temporary identity allocated to the remote UE, in order to include this in the paging record list instead of the usual paging identity. 

This implies that whenever a remote UE initially links to a new relay, the MME needs to know, regardless of whether solution 2 or solution 3 is used. We do not, however, see this as a major issue since there is impact and signalling to MME to support a remote UE linking to a relay, for example to update the MME in case a UE has registered behind a relay for purposes such as charging, at least upon initial linking in any case and we expect SA2 to reply accordingly.
Proposal 2: MME, remote and relay UE need to know the temporary identity to use in the paging record list, when the remote UE initially links to a relay, regardless of whether option 2 or 3 in TR 36.346 is used. 
Paging occasions

The second issue is what paging occasions to use. In solution 2 the relay UE calculates paging occasions based on the remote UE ID (or temporary ID) then the network can send on paging occasions that are calculated based on the remote UE ID, and the remote UE can continue to monitor those paging occasions in case of moving out of coverage of the relay device + camping normally. However, this implies significant impact to the relay device power consumption especially if multiple remote UEs are reachable via the relay and the paging occasions are different – since the relay UE must monitor on multiple paging occasions in RRC_IDLE and we see this as a showstopper for solution 2.
The alternative approach in solution 3 is that the relay UE monitors only its own paging occasions, and checks the paging record list for its own paging identity as well as any associated remote UEs. This implies that the eNB and MME both need to know that a specific remote UE needs to be paged using a specific relay UE paging occasion.

Proposal 3: Option 3 in TR 36.746 is agreed as the paging via relay solution. 
For solution 3, there are a few options for how to handle the case when the in-coverage remote UE disconnects from the relay and camps on the cell: 

· Option 1: The network (eNB and MME) are informed every time the remote UE links and disconnects from the relay (Which is one potential interpretation of the drawback of solution 3 suggested in the LS in [3] )

· Option 2: The remote UE is provided with the correct paging occasion in order to monitor the relay UE PO+PF and avoid updating the network. 

· Option 3: The MME paging strategy is updated such that the paging is first attempted on the last known relay, and if that fails then direct paging via the eNB is attempted. This would be an extension to existing potential paging strategies that page in the last know cell before attempting in a wider area.

Both options 2 and 3 above are relatively straightforward to do, and minimise the signalling overhead compared to option 1 since they avoid updating the network every time the linked status changes (i.e. when a UE disconnects from a relay). The network is informed only when a remote UE initially links to the relay, which as noted in proposal 1 si the same for both solution 2 and solution 3. 
Proposal 4: When the remote UE reselects from the relay, it does not update the MME about the mobility. 
Proposal 4a: Discuss whether the UE monitors the relay paging occasions calculated using a temporary ID provided by the relay or the UE monitors its own paging occasions.
3. Conclusion
In this paper we addressed paging occasions and paging identity used when performing paging via relay and make the following proposals.
Proposal 1: In order to allow relay UE to monitor for paging on behalf of the remote UE, a temporary identity needs to be used in the paging record list which does not disclose the actual UE identity, regardless of whether option 2 or 3 in TR 36.346 is used.
Proposal 2: MME, remote and relay UE need to know the temporary identity to use in the paging record list, when the remote UE initially links to a relay, regardless of whether option 2 or 3 in TR 36.346 is used. 
Proposal 3: Option 3 in TR 36.746 is agreed as the paging via relay solution. 
Proposal 4: When the remote UE reselects from the relay, it does not update the MME about the mobility. 

Proposal 4a: Discuss whether the UE monitors the relay paging occasions calculated using a temporary ID provided by the relay or the UE monitors its own paging occasions.
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