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1	Introduction
Paging of remote UEs has been discussed during the previous meeting and it was decided to have an e-mail discussion in order to capture description for the different solutions for paging and their advantages and disadvantages and which relationship (linked/associated) should be used in case paging needs to be relayed. In the e-mail discussion companies expressed their views, but there are still many open questions about the proposed options. Also, e-mail discussion has not touched upon Idle Mode procedures, which are tightly coupled with paging mechanism. In this paper, we propose to clarify some further aspects of different options.
2	Option 1 discussion
According to to the text in TP provided during the e-mail discussion in option 1 Evolved ProSe Remote UE monitors its own paging occasion over Uu interface. This option seems to be straightforward and self-explanatory. We would only like to clarify a couple of points raised by some companies during the e-mail discussion. It was quite commonly seen as a disadvantage that this option does not support out of coverage UEs, but it does not seem to be a disadvantage from our point of view. We should avoid standardizing two different solutions for in coverage and out of coverage cases, but it has to be noted that this one is a simple reuse of something that already exists. It should be also noted that the assumption for the study, as captured in [1], is that: “It is assumed that evolved ProSe Remote UEs can support both WAN and D2D connection, and that evolved ProSe Remote UEs have 3GPP subscription credentials.”
In order to support WAN connection Remote UEs need to support Paging reception, so there is no additional implementation effort for Remote UEs. It was also mentioned during the e-mail discussion that this will be required for the sake of uni-directional relaying. 
Observation 1: Paging reception on Uu interface needs to be supported by Remote UEs. 
Another popular reproach was that this option is less power efficient from remote UE’s point of view compared to the other options because UE needs to monitor both sidelink and Uu interfaces. We think it is worth clarifying that using this option does not require remote UE to keep an established PC5 connection in contrast to all other options. In consequence, the potential negative impact on its power consumption is not as obvious as it would seem. Remote UE may only keep track of discovered relay UEs in proximity and establish the link in case Paging is received on Uu interface. 
Observation 2: In Option 1 keeping an established link in RRC IDLE state is not required for the Remote UE.
Further, all paging relaying solutions, when applied for in-coverage remote UEs, affect negatively spectrum efficiency in the cell due to additional resource used over SL. 
Observation 3: Paging relaying for in-coverage UEs deteriorates spectral efficiency in the cell.
Based on the observations we mentioned, we propose that paging relaying can only be applied to out-of-coverage UEs.
Proposal 1: Paging relaying can only be performed for out-of-coverage remote UEs.
3	Options 2, 3, 4 common aspects
In the TP proposed in the e-mail discussion option 2 was captured in the following:
“Evolved ProSe UE-to-Network Relay UE monitors its [associated/linked] the evolved ProSe Remote UE’s paging occasion in addition to its own paging occasion.”
We would like to clarify the part captured in the brackets, which was also added for options 3 and 4. There may be different views about whether network should consider association, linked state or neither of these for paging relaying, but it is common for all the paging relaying solutions that relay shall only monitor for paging messages of its linked remote UEs. Association is a trust relationship defined in higher layers and gives no information about UEs proximity. Remote UE may also be associated with more than one Relay UE and only a single one should be used for paging relaying. We then propose to clarify that:
Proposal 2: In options 2, 3 and 4 the intention is to relay paging only for linked remote UEs.
We would like to emphasize that does not affect a discussion about whether prior network knowledge to be used for paging is linked, association or neither.
In consequence, a mechanism for a remote UE to request relay UE to monitor for its paging is required for all of the options. We think that such procedure should be performed via PC5 Signalling Protocol.
Proposal 3: In options 2, 3, 4 out of coverage remote UE may request its linked relay UE to monitor for its paging messages. This procedure should be performed using PC5 Signalling Protocol.
Depending on the design choices t some additional information should be provided to Relay UE (e.g. Remote UE’s S-TMSI etc.) during the request. The details should be decided by SA2/CT1 groups with an input from RAN2 after a solution to be standardized is agreed. 
3	Discussion on relationship types for paging relaying
One of the questions asked during the e-mail discussion was about which kind of relationship should be used as “network’s prior knowledge” in each of the solutions. This triggered quite lengthy discussions and the final answer for options 3 and 4 seems to depend on their detailed design. However, it should be clarified that in case of option 2 no knowledge about any relationship type is needed in the network as POs are always calculated using legacy formulas. 
Observation 4: In option 2, the network does not require any prior knowledge about UEs’ relationship (e.g. linked state or association). 
For options 3 and 4 what needs to be taken into consideration is that:
· Only UEs in linked state can be assumed to be in proximity
· Remote UE may be associated with multiple Relay UEs (e.g. user has two smartphones, or UEs are working in a group similarly as in Public Safety use case)
· Remote UE may be associated with neither Relay UE (while still being able to get linked and have their data relayed, e.g. some opportunistic relaying of data from IoT sensors).
As noted during the e-mail discussion by many companies, sending notifications about each change of linked state generates a lot of signalling overhead. On the other hand, using associated alone cannot ensure that paging is relayed via proper Relay UE and finally reachable by the remote UE. Therefore, a backup solution would have to be designed to ensure paging is received by the remote UE.   Furthermore, association is not always required for relaying and for this case  a different solution would have to be designed. 
Observation 5: Using linked state as “prior network knowledge” for paging requires either relay or remote UE or both to report the linked state to the network, therefore increases signalling overhead in both Core Network and RAN significantly.
Observation 6: Association between the UEs alone cannot be used as “prior network knowledge” for robust paging relaying.
Since these are non-trivial issues, it seems they would require many additional discussions. Although, there are concerns that option 2 will affect negatively Relay UE’s power consumption, this option has an advantage of being significantly less complicated and having limited standardization effort compared to other options. Moreover, the primary objective is to limit remote UE’s power consumption and an impact to relay UE’s power consumption is rather an inherent trait of relaying feature. It can also be mitigated by reusing existing features like extended DRX and UE request for a UE-specific DRX cycle. We therefore propose that:
Proposal 4: Option 2 should be assumed for paging relaying for out of coverage remote UEs. 
4	Idle mode mobility
In this section, we focus on Idle Mode mobility procedures for a remote UE. Considerations here are applicable to all the options. 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.
[bookmark: _GoBack]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 contribution discussed some of the aspects related to the options for paging of remote UEs following the e-mail discussion which took place before the meeting. Based on the presented analysis following observations and proposals are made:
Observation 1: Paging reception on Uu interface needs to be supported by Remote UEs. 
Observation 2: In Option 1 keeping an established link in RRC IDLE state is not required for the Remote UE.
Observation 3: Paging relaying for in-coverage UEs deteriorates spectral efficiency in the cell.
Proposal 1: Paging relaying can only be performed for out-of-coverage remote UEs.
Proposal 2: In options 2, 3 and 4 the intention is to relay paging only for linked remote UEs.
Proposal 3: In options 2, 3, 4 out of coverage remote UE may request its linked relay UE to monitor for its paging messages. This procedure should be performed using PC5 Signalling Protocol.
Observation 4: In option 2, the network does not require any prior knowledge about UEs’ relationship (e.g. linked state or association). 
Observation 5: Using linked state as “prior network knowledge” for paging requires either relay or remote UE or both to report the linked state to the network, therefore increases signalling overhead in both Core Network and RAN significantly.
Observation 6: Association between the UEs alone cannot be used as “prior network knowledge” for robust paging relaying.
Proposal 4: Option 2 should be assumed for paging relaying for out of coverage remote UEs. 
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.
Our final proposal is to capture the observations and proposals in the TR.
Proposal 7: Capture the observations and proposals from the paper in the TR.
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