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1	Introduction
Various coverage scenarios were discussed during previous RAN2 meetings and it was agreed that network should have a possibility to establish a Mobile Terminated connection with Remote UE even in case Remote UE is out of coverage. However, there are some open points to clarify captured in the current version of TR [1], e.g.:
“It is FFS if the network needs some “prior knowledge” of the relationship between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE”
“Editor’s Note: The nature of such “prior knowledge” needs to be considered.”
In this paper we discuss Idle mode mobility and paging aspects considering also the need of network’s prior knowledge and what the meaning of such prior knowledge is. 
2	“Prior knowledge” and paging
Looking at the description of “Key issue #2: eRelay-UE Discovery and Selection” and “Key issue #3: Enhancements to Connection setup between an eRemote-UE and an eRelay-UE”, which can be found in a P-CR agreed by SA2 in [3] we see that the prior association of the eRemote UE with eRelay UE is a relationship, whose primary goal is to enhance the PC5 connection setup between the UEs and potentially facilitate relay discovery and selection. This means that such association is independent of whether the UEs are currently PC5 connected or even whether they are in proximity of each other. As such, it constitutes rather semi-static relationship between the UEs.
Observation 1: The prior association between eRelayUE and eRemote UE as defined by SA2 is a semi-static relationship which is independent of PC5 connection state between the UEs and or the UEs being in proximity of each other. 
From this observation, it can be deduced that UEs association is inadequate for the sake of network initiated connection establishment. If the network somehow relied on UE association for paging purposes it would lead to much decreased paging performance in the sense of connection establishment delay and unnecessary signalling. Therefore, it cannot be used as the definition of “prior knowledge” as captured in the RAN TR.
Observation 2: The prior association between the UEs as defined by SA2 is inadequate for facilitation of the network initiated connection establishment. 
Furthermore, the companies’ replies to the pairing related e-mail discussion summarized in [2] suggest that there is no willingness to introduce a new state of the relationship between the UEs meaning that the only way to ensure that the UEs are in proximity of each other is by ensuring they have a PC5 connection established with each other. We therefore propose to clarify that “relationship” which could be used as a network’s prior knowledge for MT connection establishment is in fact PC5 connection state between eRemote UE and eRelay UE or the fact of UEs being “linked” if the proposed definition from [2] can be agreed.
Proposal 1: Clarify in the TR that the relationship, which could potentially be used to facilitate MT connection establishment with eRemote UE via eRelay UE is PC5 connection state between these two UEs (or UEs being “linked”).
It should be noted that PC5 connection state between UEs can change dynamically as the UEs can move independently of each other. For the network to be able to use this information efficiently, it would have to be notified each time two UEs connect with each other (or get “linked”), which may lead to significant signalling load not only in RAN, but also in CN. 
Observation 3: Keeping up to date information about PC5 connection state of two UEs (or two UEs being linked) may lead to significant signalling load in both RAN and CN.
Therefore, we think that it is preferential to seek mechanisms, which do not require prior network knowledge about PC5 connection between the UEs. When it comes to Scenario 3 in which the eRemote UE is in the network coverage the simplest solution would be to assume that the Remote UE is monitoring Uu interface for its own paging messages in the legacy manner and upon reception of paging message addressed to it, Remote UE can trigger connection establishment either directly with the network or via its connected Relay UE depending on the path selection mechanism, which is out of scope of this paper. Although many companies indicate that they expect power consumption gains if UEs are not required to monitor Uu for paging, it has to be noted that remote UE would have to anyway monitor paging messages, but on PC5 interface instead of Uu interface. The signalling in such situation would be increased as Paging messages would have to be delivered on Uu first and then relayed via PC5 interface. Therefore, it has to be proven that the power consumption gains are truly worth the additional signalling before adopting paging relaying for in coverage remote UEs.
Proposal 2: As a baseline, it should be assumed that in Scenario 3 paging relaying is not supported and remote UE is monitoring its Paging Occasions on Uu interface. 
For scenario 2 the situation is not that straightforward as Remote UE is not able to monitor for its own paging due to being out of coverage. It is Relay UE, which needs to receive its paging messages and two potential mechanisms can be identified:
· Using prior knowledge about PC5 connection state between two UEs:
· Network could first page the Relay UE and then indicate that it intends to establish a connection with paired Remote UE using dedicated signalling
· Network could send paging messages for Remote UE in the Relay UEs Paging Occasions. Relay UE would have to be able to identify that the paging is destined for the Remote UE, which it connected to, so some identifier would have to be provided either from the network or from the Remote UE.
· Without using prior knowledge – network would page Remote UE in its POs, which would have to be monitored by Relay UE. Remote UE would have to request “paging monitoring service” from Relay UE either during pairing or when it moves out of coverage or Relay UE could by default assume this role when connected Remote UE is OoC and is authorized to establish a connection with the network while being OoC.
When it comes to which of the options is advantageous there is a couple of aspects to consider. The advantage of the first option is potentially lower power consumption of the Relay UE as it only needs to monitor its own POs. On the other hand, as we mentioned previously, it may lead to significant signalling overhead due to the necessity of keeping up to date information about connection status between Relay UE and Remote UE, which can change dynamically and which is avoided in the second option. Moreover, second scheme does not require changes in paging mechanism on the network side and previous paging mechanism can be used for both out of coverage and in coverage Remote UEs. There is no need to apply different modes for these cases and switch between them depending on whether a UE moves out- or in coverage or when PC5 connection state between the UEs changes. Considering also that OoC operation is at the moment reserved only for Public Safety use case where battery consumption is not of such importance we think that second scheme is beneficial and we propose to focus on it in the study.
Proposal 3: For scenario 2 RAN2 should focus on defining the mechanism to page the OoC Remote UE without the need of having prior knowledge about PC5 connection state or any other association between Remote UE and Relay UE.
In the subsequent section we provide some details of how this could be achieved.
3	Paging of OoC Remote UE
The paging procedure is initiated by MME by sending Paging message to the eNBs belonging to the Tracking Areas where a paged UE is present. Paging message contains among others UE Identity Index and Paging DRX IEs, which are used by the eNB to calculate the subframes where paging for this particular UE should be sent. MME includes also UE Paging Identity (S-TMSI or IMSI), which is included in the Paging message sent by the eNB on Uu interface. On its side each UE calculates its POs and monitors for paging only in these particular subframes allowing it to switch off its receiver for the remaining time.
In case Remote UE is out of radio network coverage it has no possibility of monitoring Uu interface for its Paging messages. Therefore it needs to be a Relay UE, which would receive Paging messages destined for the Remote UE and somehow pass them to Remote UE. Some kind of pairing is established between the UEs and during or after this procedure Remote UE requests Relay UE to monitor for its Paging messages. This can be achieved in multiple ways:
· Option 1: Remote UE provides Relay UE with its POs configuration and its S-TMSI; Relay UE monitors POs as indicated by Remote UE and notifies it about incoming paging when it receives Paging message with Remote UEs S-TMSI included.
· Option 2: Remote UE provides Relay UE with its POs configuration, but not its S-TMSI. Relay UE monitors POs as indicated by Remote UE and relays all Paging messages received in these POs. Remote UE checks Paging messages for presence of its S-TMSI by itself.
· Option 3: Relay UE or Remote UE informs the network that it is paired with another UE. Network uses this information to page Remote UE using Relay UEs POs either by Paging the Relay UE first or by sending Paging including Remote UEs identity in Relay UEs POs. In the latter case Remote UE needs to provide its S-TMSI to Relay UE beforehand.
We think that options 1 and 2 are preferable ones, since they do not require changes to paging mechanism in the Core Network and they allow to avoid significant signaling overhead due to status updates of pairing or coverage sent to Core Network. Therefore, we propose to agree that:
Proposal 4: An out of coverage Remote UE can request a PC5 connected/linked Relay UE to monitor its Paging Occasions.
Proposal 5: Relay UE, which is monitoring Paging Occasions for a PC5 connected/linked Remote UE can either check Paging messages received in Remote UE’s Paging Occasions for paired Remote UE’s identity and notify paired Remote UE only when relevant Paging message is identified or relay all Paging messages received in Remote UE’s Paging Occasions to the PC5 connected/linked Remote UE.
For such mechanism to work Remote UE is required to perform Idle mode tasks in a similar fashion as in current specifications. This is discussed in the subsequent section.
4	Idle mode mobility
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 its POs, 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, 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 6: Relay UE provides out of coverage Remote UE with the current Tracking Area ID when PC5 connection for relaying purposes in established or when Relay UE moves to a new Tracking Area while being PC5 connected/linked with the Remote UE.
Proposal 7: 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.
This simple mechanism allows for Remote UE reachability in out of coverage scenarios without changes to paging mechanism on network level.
4	Summary
In this paper we discuss the meaning of “network’s prior knowledge” and provide an analysis of the potential paging mechanisms for OoC Remote UEs. In order to avoid unnecessary signaling load in RAN and CN we propose to agree on the following observations and proposals and capture them in the TR for Scenario 2:
Observation 1: The prior association between eRelayUE and eRemote UE as defined by SA2 is a semi-static relationship which is independent of PC5 connection state between the UEs and or the UEs being in proximity of each other. 
Observation 2: The prior association between the UEs as defined by SA2 is inadequate for facilitation of the network initiated connection establishment. 
Proposal 1: Clarify in the TR that the relationship, which could potentially be used to facilitate MT connection establishment with eRemote UE via eRelay UE is PC5 connection state between these two UEs (or UEs being “linked”).
Observation 3: Keeping up to date information about PC5 connection state of two UEs (or two UEs being linked) may lead to significant signalling load in both RAN and CN.
Proposal 2: As a baseline, it should be assumed that in Scenario 3 paging relaying is not supported and remote UE is monitoring its Paging Occasions on Uu interface. 
Proposal 3: For scenario 2 RAN2 should focus on defining the mechanism to page the OoC Remote UE without the need of having prior knowledge about PC5 connection state or any other association between Remote UE and Relay UE.
Proposal 4: An out of coverage Remote UE can request a PC5 connected/linked Relay UE to monitor its Paging Occasions.
Proposal 5: Relay UE, which is monitoring Paging Occasions for a PC5 connected/linked Remote UE can either check Paging messages received in Remote UE’s Paging Occasions for paired Remote UE’s identity and notify paired Remote UE only when relevant Paging message is identified or relay all Paging messages received in Remote UE’s Paging Occasions to the PC5 connected/linked Remote UE.
Proposal 6: Relay UE provides out of coverage Remote UE with the current Tracking Area ID when PC5 connection for relaying purposes in established or when Relay UE moves to a new Tracking Area while being PC5 connected/linked with the Remote UE.
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