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1 Introduction

During RAN#72, the study item objectives for FeD2D were agreed upon to evaluate and study the benefits of enhanced UE-to-network relaying, and of using an enhanced form of the LTE sidelink air-interface for D2D aided services focusing on wearable and MTC applications [1]. It was agreed during RAN2#95 meeting that the eRelay design should study both UP and CP.
In this contribution, we discuss details of paging related control plane support for eRemote UE through eRelay UE link.
2 Discussion
As per the study item objective, it has been understood that the evolved eRemote UE has 3GPP connection and corresponding 3GPP credentials available at the network which means that the eRemote UE has its UE context information available at the MME and/or eNB. 

During the RAN2# 95 meeting it was agreed that we should study eRelay design support for both CP and UP. In order to support L2 eRelay operation, some additional information (e.g. to map the eRemote UE’s data to the eRelay UE’s radio bearer, etc.) may need to be signalled. It is to be noted that the goal of the study is to reduce the power consumption of the eRemote UE, however, it will be good to keep the overhead. We understand that it will be trade-off between power consumption of the eRemote UE and additional signalling to support data transmission (it is natural due to an extra hop). 

2.1 Considerations for control plane signalling through relaying
The SA1 service requirement suggests that the eRemote UE and eRelay UE belong to the same PLMN [2]. However, it is not clear whether eRemote UE and eRelay UE should be in the same serving cell. If they are in different serving cell, it may be cumbersome to relay both data and control messages to the network. For example, if the eRemote UE and eRelay UE have connection to different serving cells, would the data and control messages get forwarded by the eRelay UE’s serving cell or the eRemote UE’s serving cell? Furthermore, it will be taxing on eRelay UE’s power consumption if it has to monitor paging on behalf of the eRemote UE at a different cell. Therefore, we think that it is best possible for the eRemote UE to select a eRelay UE having Uu connection established in the same cell, and same PLMN. Also, given the use case is primarily wearable/IoT device, it makes sense that the eRemote UE and eRelay UE are in close proximity of each other and under the coverage of the same cell. It is also possible that the UEs are in ‘paired’ mobility and there is potentially prior knowledge at the network about the pairing.  

Proposal 1. RAN2 to discuss and agree as baseline that eRemote UE and eRelay UE have Uu connection established with the same cell to best support UP and CP relaying. 
In order for the eRemote UE to be authenticated successfully, it should have performed initial registration with the ProSe function and the network at power on. Therefore, it can be assumed that the eRemote UE has performed initial attach with the 3GPP network using direct 3GPP communication. Furthermore, in case of pairing, the network may need to directly authenticate the eRemote UE and potentially register the pairing association between the eRemote UE and the eRelay UE. 
Proposal 2. RAN2 to discuss and agree that eRemote UE performs initial attach/registration using direct 3GPP communication if 3GPP credentials at the network have not been established.

2.2 Paging support for eRemote UE

Once the eRemote UE has established its credentials at the network, it could enter RRC_IDLE state. During the previous meeting, it was briefly discussed about how the eRemote UE in idle state is reachable in downlink when it is in-coverage/out-of-coverage. There are multiple options possible as per below:

· Solution 1: eRemote UE monitors its own paging occasion for downlink data notification as long as it is in-coverage, however, it may unnecessarily waste the device power. It is applicable only for in-coverage case and the solution for out-of-coverage case needs to be different.

· Solution 2: eRelay UE monitors eRemote UE’s paging occasion (for its UE ID) in addition to its own paging occasion based on information from the eRemote UE provided during PC5 1:1 communication or a request from the network. No change is required in the paging message to support this solution, however additional power consumption at the eRelay UE to monitor multiple paging occasions is a factor to be considered, in case, the relay UE supports many remote UEs. It is applicable for both in-coverage and out-of-coverage scenarios.

· Solution 3: eRelay UE monitors its own paging occasion only, however, due to some pairing knowledge available at the network, the downlink notification for eRemote UE is also sent as if it is meant for the eRelay UE. This solution may require an indication to be added within the paging message to differentiate whether the paging is for itself or eRemote UE. It is applicable for both in-coverage and out-of-coverage scenarios.

It is possible that the eRelay UE is either in RRC_CONNECTED or RRC_IDLE while the eRemote UE has entered idle mode. It is FFS how the eRelay UE can monitor the eRemote UE’s PO when the relay is in connected mode (with further configuration). The three solutions are shown in figures 1, 2 and 3.
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Figure 1. Solution 1 of eRemote UE monitoring PO
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Figure 2. Solution 2 of eRelay UE monitoring both POs
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Figure 3. Solution 3 of eRelay UE monitoring its own PO for eRemote UE notification
Proposal 3: RAN2 to study the three solutions to support downlink reachability through paging for eRemote UE (in terms of signalling overhead and specification impact) and capture the TP [3] in the TR. 
As shown here, in order to achieve downlink reachability for the eRemote UE, if solution 1 is chosen, there is minimum standard impact but the eRemote UE has to check its PO as per legacy and it is only possible to do so when the UE is in-coverage. However, in order to ensure maximum power saving, solution 2 or 3 could be considered wherein PC5 enhancement of periodic monitoring of the sidelink and paging over sidelink need to be introduced. The three solutions could be studied further and evaluated and a decision can be made during the work item phase on whether one or more solutions could be adopted for reaching the eRemote UE while it is in idle mode. 
3 Conclusion

In this contribution, the signalling considerations for supporting CP via eRelay UE in FeD2D are discussed and the following proposals are made: 

Proposal 1. RAN2 to discuss and agree as baseline that eRemote UE and eRelay UE have Uu connection established with the same cell to best support UP and CP relaying. 

Proposal 2. RAN2 to discuss and agree that eRemote UE performs initial attach/registration using direct 3GPP communication if 3GPP credentials at the network have not been established.


Proposal 3: RAN2 to study the three solutions to support downlink reachability through paging for eRemote UE (in terms of signalling overhead and specification impact) and capture the TP [3] in the TR. . 
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