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Introduction
In the RAN1#81 meeting, the physical layer procedure for UE-to-Network relay discovery was discussed and the following working assumption was reached. 
Working Assumption:
· At least if PSDCH is used for Relay discovery 
· A UE (i.e. at least the remote UE, FFS in RAN2 whether it can also be the Relay UE) can perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes.
· At least RSRP measurement for PC5 link quality is specified
· RAN1 assumes that any RSRP filtering only takes place across resources with the same decoded ID 
· FFS if RSRQ or other link quality measurement(s) is to be specified for PC5 link quality
· FFS what constraints (if any) are specified on power offset between  PSDCH and PSSCH from a given Relay 
· If PSDCH is not used for Relay discovery, details are FFS.

This paper discusses the PC5 link quality measurements, focusing on the relay discovery resource configuration for tradeoff of link quality measurement accuracy and latency. 
PC5 link quality measurements
Is PC5 RSRQ needed?
As per the working assumption of the last meeting, at least RSRP measurement for PC5 link quality is specified, which is based on the DMRS of the successfully received PSDCH (CRC passes). Whether an RSRQ measurement for PC5 link quality is necessary needs to be considered. The PC5 link quality measurement for PSDCH is for relay selection and reselection, which is the first step of the UE-to-Network relay operation and is followed by the data traffic relaying through PSSCH. In general, the time interval between relay discovery with PSDCH and data relaying with PSSCH may be relatively large (due to the required procedures for connection setup between remote UE and relay UE and between relay UE and core network), and more importantly, the interference situation over the PSDCH resource pool may be quite different from that over the PSSCH resource pool. The RSRQ measurement for PC5 (which provides SINR information of the PC5 link) therefore does not have any advantage over RSRP, since SINR over PSDCH may be quite different from that over PSSCH due to the different interference situations. We therefore have the following proposal:
Proposal-1:  For PSDCH-based relay discovery, RSRQ measurement for PC5 is not needed. 

RSRP measurement for PC5
For the RSRP measurements for the PC5 link, the received power over the DMRS symbols of the successfully decoded PSDCH could be averaged to obtain the RSRP measurement value. However, the PC5 RSRP measurement over one PSDCH transmission within a discovery period may not be sufficiently reliable due to the small-scale fast fading effect (even considering retransmissions, since the retransmissions occur within adjacent subframes, and thus the fast fading in time cannot be filtered well). Figure 1 shows some link level simulation results on the RSRP measurement errors for PSDCH over a single discovery period. In the simulations, the 3GPP SCM UMi channel model with dual mobility at 3kmph is used. From the figure, we can see that if retransmissions are not used, only about 60% of the RSRP measurements are within the range [-3dB, 3dB]. Although retransmissions can improve the PC5 RSRP measurement to some extent, the PC5 RSRP measurement accuracy over a single discovery period is still not good enough. 
Observation-1: The performance of PC5 RSRP measurement over a single discovery period is not satisfactory, even with the  use of  retransmission combining.  
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Figure 1: Simulation results of measurement errors of PC5 RSRP within a single discovery period

To improve the PC5 RSRP measurement accuracy, a straightforward approach is to average the measured PC5 RSRPs over multiple discovery periods. However, this will lead to a large measurement latency, especially considering the relatively large discovery periods defined in the LTE Rel-12 specification (at least 320ms, which means the latency will be about one second for averaging PSDCH transmissions over four successive periods). To improve the PC5 RSRP measurement accuracy with relatively low latency, it was proposed in [2] to apply smaller periods like {40, 80, 160}ms. However, the usage of smaller relay discovery periods has some potential issues, including:
· If the discovery resource pool within each period is configured with a large size (to keep the collision probability low), it means a large resource overhead is occupied by the discovery resource, since the same resource pool is configured in every period. 
· If the resource pool within each discovery period is configured with a small size, which implies a  low resource overhead,  the collision probability by the candidate relay transmissions is increased. 
· If a low transmission probability, such as 0.25, is configured for collision avoidance for a small resource pool configuration, it will not be possible for the discovery packets to be transmitted in some  periods. This will thus impact the link quality of PC5 measurement. 
Observation-2: Reducing the discovery period for relay discovery could improve PC5 link measurement accuracy/latency; however, it could lead to issues of large resource overhead and/or collisions. 

Scheme to improve PC5 RSRP measurement accuracy and/or latency
A simple scheme is to partition the relay discovery resource pool into multiple resource zones in time, each one being constrained by a single transmission probability. The PSDCH transmitter has one transmission opportunity in each resource zone. This means that a PSDCH transmitter will either have a transmission in each resource zone or will not make transmissions in any resource zone of the resource pool. This will facilitate the PC5 link quality measurement. To minimize the specification impact and the added signaling overhead, a single information field (i.e., zone number with e.g. 2 bits) could be added to the new resource pool definition signaling for Relay UEs.The specified resource pool could be evenly partitioned into resource zones with the same size. The time interval between different resource zones could be made relatively large by specific configuration of the subframeBitmap in the definition of the resource pool. Figure 2 illustrates the difference between this scheme and the scheme with shorter periods. 


(a) Scheme with shorter period


(b) Scheme with the resource zone partitioning
Figure 2: Illustration of the schemes for improving PC5 RSRP measurement

Figure 3 shows some simulation results of the scheme with resource zone partitioning. In the scheme, the resource pool is divided into four zones with the time interval between adjacent zones being 160ms. In each zone, the maximum number of transmissions is 2 (i.e. 1 initial transmission and 1 retransmission). From these results, we can observe that about 95% PC5 RSRP measurements now have measurement error within [-3dB,3dB]. 
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Figure 3: Simulation results of the PC5 RSRP measurement errors

Proposal-2: Partitioning of the relay discovery resources into zones as shown in Figure 2(b) should be considered to improve the accuracy and/or latency of PC5 RSRP measurements. 

[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the PC5 link quality measurements, focusing on the relay discovery resource configuration to improve the link quality measurement accuracy and latency. Based on the discussions, we have the following observations and proposals:
Observation-1: The performance of PC5 RSRP measurement over a single discovery period is not satisfactory, even with the  use of  retransmission combining.  .
Observation-2: Reducing the discovery period for relay discovery could improve PC5 link measurement accuracy/latency; however, it could lead to issues of large resource overhead and/or collisions.
Proposal-1:  For PSDCH-based relay discovery, RSRQ measurement for PC5 is not needed.
Proposal-2: Partitioning of the relay discovery resources into zones as shown in Figure 2(b) should be considered to improve the accuracy and/or latency of PC5 RSRP measurements.
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