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1. Introduction

In RAN1 #80bis meeting, UE-to-Network relay was discussed. Although companies had different understandings about the procedure of relay operation and relay selection, there is common view that measurements involved in the operation is one of the main issues in L1. The conclusion from the meeting is as follows [1]:

- Companies are encouraged to examine the RAN2 agreements and bring proposals on what measurements should be used at RAN1#81. 

In the companion contribution [2], overview and our understanding of UE-to-Network relay operation is provided. Correspondingly, this contribution discusses necessary measurements to support those operations. 
2. Discussion
RAN2 agreement shows [3]:

- Remote UE can perform sidelink measurements to determine radio link quality between the remote UE and relay UE candidate(s).  

- For relay selection for remote UE out of coverage: remote UE out of coverage can use the sidelink measurements as radio criterion for relay selection together with other higher layer criteria.   

- For relay selection for remote UE in coverage: it is FFS how the sidelink measurements may be used for relay selection; for example the sidelink measurements can be used by remote UE, or the sidelink measurement results may be reported to the eNB such that eNB can control relay selection for remote UE in coverage.    

- For relay reselection: it is FFS how reselection is performed and who performs reselection decision.  
- It is FFS whether the radio link quality between the relay UE (candidate) and eNB is required for relay selection/reselection purposes.
The main issue from RAN2 is to support relay UE selection by measurement. There are two cases: remote UE is out of coverage or in-coverage.
2.1. OOC remote UE
From the current RAN2 agreement, our understanding is that remote UE shall perform relay selection by radio level measurements (at least including PC5 radio link quality) and higher layer criteria. The feasibility of the remote UE performing sidelink measurements of the radio link quality between the remote UE and candidate relay UEs for the purpose of relay UE selection should be studied.
Observation: Sideline measurement of radio link quality between the remote UE and relay UE candidate(s) shall be supported and its feasibility should be studied.
The existing R12 measurement over PC5 is S-RSRP measurement through DMRS on PSBCH. However this measurement cannot differentiate the links between one remote UE and a number of relay UEs using the same SSID for synchronization. Also the purpose of S-RSRP in R12 is to select synchronization reference that cannot equal to a certain relay UE. So it requires L1 to have a new relay UE specific sidelink measurement on PC5 radio link.
2.2.1
How the PC5 measurement works
There are two possible options:
· Option 1. UE-specific RNTI scrambled DMRS transmitted from relay UE

The main problem is that before remote UE discovers the relay UE and selects this UE as its relay, it is not possible to know the UE-specific RNTI of relay UE. It also introduces much L1 changes compared to that of R12 from both spec. and implementation perspectives. 
· Option 2. Once remote UE can decode discovery message from a relay UE, the UE measures PC5 by DMRS on discovery message
When PC5 link quality is good enough, the remote UE can decode the discovery message from a relay UE. That implies that the corresponding relay UE should be one of the candidates so that it sends discovery message for announcement (mode A) or response (mode B). So the L1 channel carrying discovery message shall be measured for further relay UE selection at remote UE. The measurement can be implemented through DMRS on the channel carrying discovery message, i.e. including discovery channel or communication channel depending on RAN2’s decision on transport channel for relay discovery message. Since DMRS measurement on PSBCH already exists in R12, it does not impact spec. and UE L1 implementation much.
Given that the discovery message is carried by discovery channel (PC5-D), according to the existing mechanism, both L1 and L2 cannot know the relay UE identifier. The measurement results would be delivered to upper layer (upper than L2) with the corresponding discovery message for further decision on relay selection. To avoid measurement on normal discovery message delivered to upper layer unnecessarily, relay UE transmission pool for discovery message transmission is better to be separate from other pools and pre-configured. 
If using transport channel of data communication, L2 measurement and selection becomes possible. However it may lead to waste of transmission resources since both PSCCH and PSSCH are transmitted. 
Proposal 1: Once remote UE can decode discovery message from a relay UE, the UE measures L1 channels carrying the discovery message by R12 DMRS.
2.2.2
PC5 Measurement accuracy

Assuming using PC5-D, if discovery period can be reduced to, e.g. 40ms, the performance is expected to be similar as that of selection of synchronization reference, if repetition number of discovery message transmission is 3 or 4. Transmission on communication channel may find a bit more DMRS for measurement due to DMRS included in both PSCCH and PSSCH. It depends on the scheduling though. The detailed performance requirement should be guided by RAN4. 
For better decoding of discovery message and corresponding measurement, resources of the message and its corresponding DMRS from each relay UE would better to be dedicated to avoid any collision. There would be 3 options assuming discovery channel carrying the message as an example:

A. Always configure type 2B to candidate relay UEs

Once UE reports Uu measurement results and is selected by eNB as a candidate relay UE, this UE needs to remain connective mode and send discovery announcements/response. eNB can configure dedicated transmission resources to this candidate relay UE to avoid any collision to other relay UEs in the same cell.  

B. Configure a number of orthogonal type 1 resource pools for candidate relay UEs applying type 1
C. Depend on decoding threshold in the shared type 1 discovery pool
If discovery message decoding threshold is not so low, it is still possible to ignore the lower interference on DMRS for measurement even when there is collision in the shared type 1 discovery pool. 

The similar consideration also applies to the case using communication channel to carry discovery message. 

From flexibility and reliability, it is proposed:

Proposal 2: Assuming discovery message is carried by PC5-D, eNB always configure type 2B discovery to candidate relay UEs; otherwise eNB always configure mode 1 communication to candidate relay UE
2.2.3
Uu measurement and its usage in relay selection
Uu measurement is mainly for eNB to decide candidate relay UEs. When a UE is confirmed as a candidate relay UE by eNB, it reflects the radio link between this kind of UE and eNB is good enough. Remote UE does not need to worry whether its data packet can be delivered by relay UE on the eNB-relay link. More criteria will increase the implementation complexity at remote UE. Also, without well design of combination of rules, Uu radio link quality may lead to overload on the relay UE which has better radio link quality, i.e. all surrounding remote UEs may select the same relay UE. 
Proposal 3: When candidate relay UEs are selected by eNB, Uu measurement results are not required to be known by remote UE for relay selection/reselection purpose.
2.2.4
Measurement for Relay reselection
The procedure of relay reselection is preferred to be the same as that for relay selection. But even if there is measurement on DMRS of discovery channel if the message is carried on discovery channel, measurement can be applied on communication channel for the selected relay UE by UE implementation. The measurement can be improved. For measurement for other relay UEs, it still depends on which transport channel used for carrying discovery message.
Proposal 4: It is preferred that measurement for relay reselection is the same as that for relay selection. Measurement can be improved by DMRS on communication channel relaying data by UE implementation.
2.2.5
Measurement report
The relay UE satisfying the rules from eNB can report its Uu measurement of RSRP, RSRQ to eNB. Event or periodic measurement should be decided by RAN2. The remote UE will combine the measurement criteria and higher layer criteria to select a relay UE as its serving UE. A reply message (i.e. a connection request) will be formed in upper layer at least including remote UE ID, PLMN ID and relay UE ID. Measurement of PC5 does not need to be reported to relay UE since the relay UE can also measure the same link. A confirmation message (i.e. a response) from relay UE at least includes relay UE ID, PLMN ID and remote UE ID and there is not any measurement report taken in the message.
2.2. In coverage remote UE

It does not see much difference between in coverage remote UE and OOC from measurement perspective. The question from RAN2 is that how the sidelink measurements may be used for relay selection. Considering possible high load at eNB, it is not preferred to report those PC5 measurements to eNB. Also, the size of this report may be larger than the message in PC5 since both relay UE and remote UE ID are needed. And those ID information can only known at upper layer. It takes time and resources for selection. 
Proposal 5: In coverage remote UE uses sidelink measurement for relay UE selection. 

3. Conclusion
This contribution discusses necessary measurements and corresponding procedure to support relay selection. 
Proposal 1: Once remote UE can decode discovery message from a relay UE, the UE measures L1 channels carrying the discovery message by R12 DMRS.
Proposal 2: Assuming discovery message is carried by PC5-D, eNB always configure type 2B discovery to candidate relay UEs; otherwise eNB always configure mode 1 communication to candidate relay UE

Proposal 3: When candidate relay UEs are selected by eNB, Uu measurement results are not required to be known by remote UE for relay selection/reselection purpose.
Proposal 4: It is preferred that measurement for relay reselection is the same as that for relay selection. Measurement can be improved by DMRS on communication channel relaying data by UE implementation.

Proposal 5: In coverage remote UE uses sidelink measurement for relay UE selection. 
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