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1. Introduction

In RAN1 #80bis meeting, UE-to-Network relay was discussed. There were different understandings about the procedure of UE-to-Network relay operation and relay selection. Procedure of UE-to-Network relay related to RAN1 mainly includes relay UE initialization, selection and relay UE discovery. Others, e.g. communication over PC5 can reuse R12 mechanism. This contribution summarizes main issues relative to these new procedures and provides some overview.
2. Discussion
2.1. Relay UE initialization
In order to satisfy the latency requirement on application through UE-to-Network relay, the UEs which meet the conditions to be a relay UE shall be initiated first, that can help remote UE discover the relay UE and further select its serving relay UE(s).
From RAN2 discussion [1],

- Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  

There would be two options for relay UE initiation control:

· Option1. The relay initiation control is per relay UE

· Option 2. The relay initiation control is per cell
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Figure1.  Signaling flow for two Relay initiation options

As shown in the Fig.1, option 1 indicates eNB responsibility of candidate relay UE selection based on the reported assistant information from the UE. It is expected that assistant information can be reported by the UE with D2D and relay capability. The assistant information may include UE interest and some Uu measurement between eNB and this certain UE. How the assistant information is reported to eNB, e.g. event triggered or periodic, depending on RAN2’s decision. When the candidate relay UE is selected by eNB, eNB initiates the UE with an initiation command by dedicated RRC signaling, i.e. per UE control.
Option 2 relies on decision at the UE side based on broadcasted relay initiation rules from eNB. 
Which option would be taken depends on RAN2 discussion. But it is noted that the understanding of the procedure may impact RAN1’s design and understanding of the whole procedure. There are several aspects:

· Resource allocation

Considering duplex issue among the links relay UE->eNB, relay UE-> remote UE, remote UE-> relay UE, resource shall be well managed to avoid transmission collision between links. So eNB would better know which D2D UE with relay capability is initiated and how many UEs are candidate relay-UEs. More details about resource allocation can be found in our companion contribution [2]. 

· Control of coverage extension
Main purpose of UE-to-Network relay is to extend public safety data communication to larger coverage. When eNB receives measurements from possible relay UEs, rough position and distance between those UEs could be estimated by implementation. It is easier for eNB to learn the conditions to enlarge coverage. Otherwise, eNB may not well know promptly whether the UE’s decision can fulfill the enhanced coverage.
· Power consumption 

Also by eNB decision, unnecessary UE to be a candidate relay UE would be avoided compared to UE’s decision only based on broadcasted rules.

From above analysis:

Observation 1: It is preferred that eNB indicates UE to be initiated as a candidate relay UE by dedicated RRC signaling from resource allocation, coverage extension and power consumption perspectives
Generally speaking, the above does not need L1 spec. change. It is noted that L1 may need to suggest measurement threshold if RAN2 decides to take event trigger for measurement report.
2.2. Relay UE selection
Given option 1, candidate relay UEs are in connective mode during initiation. After initiation, these UEs possibly turn to idle mode since there may not be any remote UE to be served for data communication at the moment. That implies before actual data communication, eNB would not control those idle UE. It is good for power consumption. However from resource allocation, measurement and latency perspective, idle state may lead to some problem. In our companion contribution [3], we analyze dedicated resource allocated to candidate relay UE can improve the measurement between this UE and remote UE, and then help remote UE well select its serving relay UE. Regarding latency, from the perspective of PTT traffic delay requirement, if latency for GCSE also applies to UE Relay scenario, UE keeping in RRC_CONNECTED state also help to satisfy the delay requirement. If the candidate Relay UE is allowed to keep in RRC_IDLE, according to the end-to-end setup delay requirement and time to join an ongoing group communication delay requirement, there are only 50-80ms ([4]) left for Relay request transmission. While if the Relay UE is required to be RRC_CONNECTED sate, there will be 130ms for Relay request transmission.  At least in TDD system, the later one is more practical. From above analysis, after initiation and before actual data communication, including relay selection and relay request, it is necessary to keep the relay UE in RRC_CONNECTED state.
Observation 2: From resource allocation, measurement and latency perspective, candidate relay UE after initiation is better to be in connective mode.

The latency requirement for GCSE needs to be confirmed in RAN2 though. The spec. impact in RAN1 mainly depends on the decision on resource allocation and details of measurement solution. 
RAN2’s agreement indicates the OOC UE selects relay UE when the remote UE is OOC. In case that the remote UE is in coverage, both options of eNB and remote UE implementing relay UE selection are considered. Involving eNB in the serving relay UE for a certain remote UE may increase eNB control function, however, 

1.  Currently, only remote UE is aware of the relay UE’s ProSe Relay UE ID, while the eNB is not aware of that.
2.  eNB control is only valid when the candidate relay UEs to a certain remote UE are in the same cell. 
3. eNB controlled selection requires multiple signalling transmissions between links connecting eNB and remote UE. The channel quality between remote UE and eNB may not be guaranteed. It may lead to large service latency since relay UE would be selected by the remote UE until remote UE is OOC, i.e. radio link failure. 

Observation 3: Relay UE selection by in coverage remote UE is more prompt and easier way. 
Although remote UE implements relay UE selection, eNB still can have control on resource allocation based on its selected candidate relay UE and the number of remote UE under a serving relay UE. If candidate relay UE can always be in connective mode, eNB will also well control relay communication’s coverage.
2.3. Relay UE discovery
There are two relay discovery models defined in SA2:
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Figure2.  Relay discovery model A
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Figure3.  Relay discovery model B
According to SA2 requirement, both of the above two Relay discovery models should be supported by RAN. In Rel-12, the discovery model is transparent for RAN. But with relay UE in Rel-13, whether both models applied to relay UE should be considered.  One possible procedure would be:
1. eNB selects candidate relay UE

2. Candidate relay UE transmits relay announcement or response (if this UE already received a remote UE’s request)

3. Remote UE selects its serving relay UE(s) and response it to the candidate relay UE

4. Communication establishment

From above, once the UE is selected by eNB as a candidate relay UE, it should send announcement (model A) to remote UE so that those remote UEs know there is a candidate relay UE to be selected.  But if there is long time when there is not any response for selection information from a remote UE, power consumption would be high to support keeping sending announcement. So it is possible to switch the candidate relay UE from model A to model B. When the remote UE sends announce (model A) or request (model B), the candidate relay UE can promptly be active. It is noted that this procedure does not need candidate relay UE reports to eNB again since at the beginning, eNB already selects this UE as a candidate relay UE. No matter which discovery model taken by the candidate relay UE, there is not impact to L1 spec.
Observation 4: Candidate relay UE discovery would be either model A or model B for consideration of power saving and latency reduction. The switching between model A and model B would be decided by higher layer. There is not impact to L1. 
3. Conclusion
In this contribution, procedure of UE-to-Network relay related to RAN1 mainly includes relay UE initialization and selection, relay UE discovery are discussed. Observations are:

Observation 1: It is preferred that eNB indicates UE to be initiated as a candidate relay UE by dedicated RRC signaling from resource allocation, coverage extension and power consumption perspectives
Observation 2: From resource allocation, measurement and latency perspective, candidate relay UE after initiation is better to be in connective mode.

Observation 3: Relay UE selection by in coverage remote UE is more prompt and easier way. 

Observation 4: Candidate relay UE discovery would be either model A or model B for consideration of power saving and latency reduction. The switching between model A and model B would be decided by higher layer. There is not impact to L1. 
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