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1 Introduction
During RAN1 #81 meeting, some conclusions were made as follows:
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
FFS until RAN1#82:

Whether to provide signalling to indicate Relay UE Uu link quality to the remote UE

If such signalling is provided, whether the usage of such information will be specified or left to Remote UE implementation. 
From the above working assumptions, we can see that there are still a few FFSs about PC5 link measurement and the rules on relay selection。In this contribution the remaining issues about PC5 measurement are discussed.
2 Who measures PC5 link quality
RSRP measurement based on DMRS of PSDCH has been agreed for PC5 link quality. However, it is still FFS whether relay-UE can perform this measurement. It has been argued that the interference seen at relay-UE and the interference seen at remote UE would be quite different. Thus the measurement performed only by remote UE may not reflect the full picture of the PC5’s link quality. In the following, quantitative analysis is carried out via system simulation. The detailed simulation parameters are listed in the Appendix. We examine two statistics: 

· Averaged RSRQ 

In the simulation, the link establishment is based on strongest RSRP. Five links are randomly picked out of all connections. Average RSRQ is calculated at relay-UEs and remote UEs, respectively.
· Packet loss rate.

By using RSRQ measurement by relay UE vs RSRQ measurement by remote UE.
Simulation results are shown in Table 1. It can be seen that per link wise, the difference between RSRQ measured by relay UE and RSRQ by remote UE is quite large. The reason is that interference environment of relay UEs would be more complicated which may come from other relay UEs, cellular UEs and remote UEs. In contrast, interference seen by remote UEs may mainly from other relay UEs and other remote UEs. In addition, the number of relay UEs and the number of remote UEs tends to be very different. 
Table 1: RSRQ measurement by relay UE and RSRQ measurement by remote UE for a certain PC5 link
	
	RSRQ measured by remote UE (dB)
	RSRQ measured by relay UE (dB)

	Link1
	13.2206
	27.0556

	Link2
	17.1680
	25.7033

	Link3
	13.1007
	23.9252

	Link4
	14.9367
	24.4316

	Link5
	21.0674
	15.7823


In packet loss simulations, two cases are considered： 
· PC5 link quality RSRQ measured by relay UE 
Relay UEs perform RSRQ measurement for PC5 link using the request signal sent by a remote UE. Then relay UEs report the measurement to the remote UE. The remote UE chooses relay UE based on RSRQs. Finally the connection is established between the remote UE and its serving relay UE.

· PC5 link quality RSRQ measured by remote UE
A remote UE performs RSRQ measurement for PC5 link using discovery signals send by relay UEs. Then the remote UE choose the best RSRQ as its service relay UE. Finally the connection between the remote UE and its service relay UE is established.
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Figure 1 VoIP packet loss CDF comparison between relay-UE measured RSRQ and remote UE measured RSRQ.
Table 2: Ratios of remote UEs successfully connected to relay UE, based on RSRQ measurement
	
	Number of OOC UEs with Traffic
	Number of UEs relayed
	Success rate of relay UE and remote UE connection

	Relay-UE
	205
	199
	0.9707

	Remote UE
	205
	196
	0.9561


The simulation results are shown in Fig.1 and Table 2. Fig. 1 compares the VoIP packet loss CDFs. It is observed that the packet loss performance of using remote UE measured RSRQ is slightly better than by using relay-UE measured RSRQ. Table 2 shows the ratio of remote UEs which are successfully connected to relay UE and the results show that using relay-UE measurement leads to slightly higher connection rate. In overall, the performance different is not significant.
From the absolute value point of view, relay UEs and remote UEs may see quite different levels of RSRQ. However, the packet loss rates as well as the connection rates of relay UE based measurement and remote UE based measurement are quite close. It is also noted that relay UE measurement would complicate the entire process of relay selection and increase the latency for link establishment. Therefore, there is no strong motivation for relay UEs to perform PC5 link measurement.  In another word, the measurement can be solely done by remote UEs. 
Proposal 1：Relay UE does not need to perform PC5 link measurement. 
3 Is PC5 link RSRQ Needed
Per RAN1 #81 meeting minutes, it is FFS if RSRQ or other link quality measurement(s) is to be specified for PC5 link quality. In our view, the necessity really depends on whether RSRQ measurement can bring significant gain in the system performance, compared to RSRP measurement. In our simulation, we assume that remote UEs performance PC5 link measurement and relay-UE selection. The link with the highest RSRP or RSRQ would be selected. 
The simulation results are shown in Fig.2 and Table 3. Fig. 2 compares the VoIP packet loss CDFs RSRP based and RSRQ based measurement. It is seen that RSRQ based measurement results in slightly lower packet loss rate. Table 3 shows the ratio of remote UEs which are successfully connected to relay UE. RSRP based measurement leads to slightly higher connection rate.
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Figure 2 VoIP packet loss CDFs of PC5 link RSRP and PC5 link RSRQ.

Table 3 Ratios of remote UEs successfully connected to relay UE
	
	Number of OOC UEs with Traffic
	Number of UEs relayed
	Success rate of relay UE and remote UE connection

	RSRP based
	205
	197
	0.9610

	RSRQ based
	205
	196
	0.9561


RSRQ requires measurement of RSSI. In cellular downlink, RSSI is a long-term wideband measurement. However, for PC5, accurate measurement of RSSI would be very difficult since the actual resources used by PSDCH are not continuous and would hop over the entire resource pool. Therefore, RSRP measurement would be enough for the purpose of relay-UE selection.
Proposal 2: RSRQ measurement for PC5 link is not needed.
4 Is Uu link RSRP signaling needed
An in-coverage D2D UEs would measure Uu link periodically. When Uu link RSRP/RSRQ meets a certain threshold, this in-coverage D2D UE would become a candidate relay UE and send discovery signals. A nearby remote UE receives discovery signals including the one from this candidate relay UE, and then performs relay-UE selection based on at least the measurement of discovery signals. It is FFS whether Uu link quality should also be considered. If it is not, relay-UE would not need to signal Uu link quality to remote UE; if it is yes, such signaling would be needed. In the following simulation, results are slightly updated compared to those presented during last meeting [1]. Two schemes are considered: 
· Scheme 1：remote UE  performs relay selection only based on the highest RSRP of D2D link
· Scheme 2：remote UE  performs relay selection based on DL RSRP and D2D RSRP, with the metrics listed as follows: 
1.  Scheme 2-1:  Metric1  = Max(min(DL RSRP, D2D RSRP))

2.  Scheme 2-2:  Metric2  = w*DL RSRP+(1-w)*D2D RSRP，where w = 0.5
3.  Scheme 2-3:  Metric3  = w*DL RSRP+(1-w)*D2D RSRP，where w = 0.75
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Figure 3 VoIP packet loss CDFs of Scheme 1and Scheme 2
Table 4 Ratios of remote UEs successfully connected to relay UE
	
	Number of OOC UEs with Traffic
	Number of UEs relayed
	Success rate of relay UE and remote UE connection

	Scheme 1
	205
	197
	0.9610

	Scheme 2-1
	205
	200
	0.9756

	Scheme 2-2
	205
	197
	0.9610

	Scheme 2-3
	205
	197
	0.9610


VoIP packet loss CDFs of the above several schemes are shown in Fig. 3. It is observed that the performance of D2D link only based selection is better than joint (DL link + D2D link) based selection in Scheme 2-1 and Scheme 2-3. Their performance is only comparable when DL link and D2D link are equally weighted. Table 4 shows the connection rates. Except that Scheme 2-1 gives slightly higher connection rate, all other schemes are virtually the same. In summary, the signaling of Uu link quality to remote UE would not bring significant performance benefit. Therefore we suggest that Uu link quality information should not be included in relay discovery message. Remote UEs can perform relay-UE selection based only on PC5 link quality.

Proposal 3: Uu link quality does not to be signaled to remote UEs.
5 Conclusions
In this paper, remaining issues on PC5 measurement are discussed. We suggest the following: 
Proposal 1: Relay UE does not need to perform PC5 link measurement. 

Proposal 2: RSRQ measurement for PC5 link is not needed.
Proposal 3: Uu link quality does not to be signaled to remote UEs.
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Appendix
Table A1 System simulation parameters for relay-UE selection.

	· Parameter
	· Value

	Layout
	Option 5: Urban macro (1732m ISD) + 1 RRH/Indoor Hotzone per cell. Partial network drop in 36.843

	Link direction
	Network-UE relay

	D2D channel model
	As per TR 36.843

	Number of D2D UEs per sector
	150 UEs

	Number Of DL cellular UEs
	10 UEs/Sector

	Number Of DL cellular UEs
	10 UEs/Sector

	Number Of remote UEs
	50% D2D UEs. Out of coverage UEs selected as remote UEs.

	IBE
	{3, 6, 3, 3}

	VoIP scheduler
	Relay receiver for Uu link: semi-persistent scheduling, 2 PRBs, HARQ, maximum 3 retransmissions
Relay transmission for PC5 link: semi-persistent scheduling, 2 PRBs, 3 blind retransmissions

	Network-UE relay traffic model
	VoIP

	D2D Tx power
	31dBm

	UL WAN power control
	P0 = -80, alpha = 0.8

























































































