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1
Introduction
In RAN2#89Bis RAN2 made some progress for L3-based UE-to-Network relays. Following agreements were made:

	Agreements

· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed.   

· We will discuss the potential minimization of service interruption for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  

· 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.  

Relay selection 

· The remote UE can take radio level measurements of the PC5 radio link quality.  
· For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.   
· For in-coverage, it is FFS how these measurements are used (e.g. the measurements can be used by the UE to perform selection similar to out-of-coverage case, or they can be reported to the eNB).    
· FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes.
· We will send an LS to RAN1/4 to notify them of RAN2 agreement that remote UE can take radio level measurements of the PC5 radio link quality and how these measurements will be used.  RAN2 would like to ask RAN1 to assess the feasibility of performing these measurements.  


Based on FFSs, related to In-coverage scenario, agenda item for RAN2 #90 has following questions:

	7.5.1.1
Relay selection/reselection 

How relay selection is performed for in-coverage case. What is the level of eNB involvement? How are the measurements on PC5 link quality used?  

How to handle reselection and who performs reselection decision?  
Is Uu link quality required for selection/reselection purposes? 


In this document we proposes solutions related to above questions.  

2
Discussion
2.1 Measurement & Metrics for D2D Relay Selection

As discussed in our contribution during RAN2#89bis [3] we believe that relay discovery should be based on sidelink direct discovery (PC5-D) discovery. Then it is natural that the PC5 link quality be based on the sidelink direct discovery. Please refer to our RAN1 contribution [2] for more details.
Proposal 1: PC5 link quality used for relay selection and reselection should be based on sidelink direct discovery (PC5-D).
We further propose that the resource pool for relay discovery should be separate from that of non-Public Safety discovery. This can be enabled by having a mechanism to tag pools for different purposes. There are a couple of reasons for this. To reduce the latency of relay discovery, the period of relay discovery pool period can be shorter (say 320ms) compared to discovery for commercial use. If there is no differentiation, then non-PS UEs may be forced to monitor this discovery pool, which appears quite frequently in time (for relay discovery). This can lead to unacceptable power consumption for commercial UEs. Furthermore reserving a separate pool for relay discovery will enable better measurement of PC5 link quality. This is because there will be no interference from commercial discovery signals.
Proposal 2: Separate discovery resource pool should be reserved for relay discovery by designating/tagging different resource pools for different purposes.

During the RAN2#89bis the issue of using Uu link quality for relay selection/reselection was also discussed. Below we present simulation results of two relay selection schemes. The details of the simulations are found in our RAN1 contribution [2].
	Relay selection scheme 
	Number of UEs relayed
	Percentage successful links among those relayed*
	WAN resource utilization per packet

	D2D RSRP
	354 out of 444
	97.5%
	2.27 RBs

	DL RSRP
	354 out of 444
	97.5%
	2.77 RBs (22% more)


(a) Remote UE is sending VoIP packets to the eNodeB using a relay.

	Relay selection scheme 
	Number of UEs relayed
	Percentage successful links among those relayed*
	WAN resource utilization per packet

	D2D RSRP
	318 out of 444
	95.5%
	3.60 RBs

	DL RSRP
	318 out of 444
	95.5%
	5.08 RBs (41% more)


(b) Remote UE is sending Video packets to the eNodeB using a relay.

*Links that have packet error rate of less than 2%.

Here, the D2D RSRP scheme chooses the relay with the best PC5 link quality while the DL RSRP chooses the relay that is within D2D link budget and has the best DL RSRP. In other words the D2D RSRP scheme does not take Uu link quality into account while the DL RSRP tries to maximize the Uu link quality while ensuring minimum PC5 link quality.

As can be seen from the table, both D2D RSRP and DL RSRP allow relaying of the same number of links and have same performance. However to achieve this same performance a larger number of RBs are needed. More specifically DL RSRP requires 22% and 41% more resources per packet. This is an unnecessary wastage of radio resources and shows the importance of taking into account the Uu link quality. Note that similar argument will apply for relay reselection also.

Proposal 3: Uu link quality should be taken into account for relay selection and reselection in order to minimize the wastage of WAN resources.

When remote UE is out of coverage it is natural that relay selection and reselection is performed by the UE.
Proposal 4: When remote UE is out of coverage relay selection and reselection is performed by the UE.

The exact algorithm for selection & reselection is more in the domain of RAN1 and RAN2 should send a LS asking them to define the same. The exact algorithm should take into account both PC5 and Uu link quality. 

Proposal 5: RAN2 should send a LS to RAN1 asking them to define algorithm for relay selection and reselection by remote UE. The algorithm should take into account both PC5 and Uu link quality.
2.2 Role of eNodeB in Relay Selection

When a UE is in-coverage we propose that the decision to use a relay and the selection of the relay UE should be performed by the eNodeB. Our companion paper [1] discusses the details of such a mechanism. Such a mechanism makes sure that a UE does not start relaying on its own and is within the eNodeB control.
Proposal 6: In the in-coverage case the decision to use a relay and the selection of the relay UE should be taken by the eNodeB. 
2.3 Relay Reselection
Once remote UE has selected a relay, irrespective of whether it is in-coverage or out of coverage reselection is performed by the remote UE. 

Proposal 7: The decision to reselect a relay and the choice of the reselected relay UE should be taken by the remote UE.

We also propose that relay UEs do not co-ordinate with each other when remote UE performs reselection. The advantages of any coordination are unclear and will require large standardization effort.
Proposal 8: There is no coordination between relay UEs when the remote UE reselects.

3
Conclusion 

In this contribution we discussed selection and reselection for UE to NW relay, we propose:
Proposal 1: PC5 link quality used for relay selection and reselection should be based on sidelink direct discovery (PC5-D).
Proposal 2: Separate discovery resource pool should be reserved for relay discovery by designating/tagging different resource pools for different purposes.

Proposal 3: Uu link quality should be taken into account for relay selection and reselection in order to minimize the wastage of WAN resources.

Proposal 4: When remote UE is out of coverage relay selection and reselection is performed by the UE.

Proposal 5: RAN2 should send a LS to RAN1 asking them to define algorithm for relay selection and reselection by remote UE. The algorithm should take into account both PC5 and Uu link quality.
Proposal 6: In the in-coverage case the decision to use a relay and the selection of the relay UE should be taken by the eNodeB. 

Proposal 7: The decision to reselect a relay and the choice of the reselected relay UE should be taken by the remote UE.

Proposal 8: There is no coordination between relay UEs when the remote UE reselects.
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