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1
Introduction
One of the objectives of enhanced LTE D2D Proximity services work item is to define enhancements to D2D communication to enable L3-based UE-to-Network Relays [1]. In this document, we will provide evaluation results of various relay selection methods and discuss whether it is beneficial for candidate relay UEs to forward their Uu link quality to an off-network remote UE or not. 
2
Evaluation Assumptions
In this section, we briefly describe various relay selection schemes and evaluation assumptions.
Relay selection schemes for OOC UEs

The following schemes will be taken into account:

· DL RSRP only: All in-coverage UEs with UE-to-Network relay capability transmit their Uu link qualities to remote UE. The selected relay is the one with highest DL RSRP that is within D2D link budget as shown in [2]. In this scheme, all relay capable UEs have to transmit their Uu link quality even if they are located so close to eNB and their PSDCHs cannot be received to remote UE. So, this scheme may be not practical.
· DL RSRP with DL RSRP Threshold: This is similar to DL RSRP only scheme but the difference is that some candidate relay UEs (i.e. relay-capable UEs satisfying DL RSRP threshold condition) forward their Uu link qualities to remote UE. There are two variants: i) candidate relay UEs are UE with DL RSRP > a threshold (called as Case I), ii) candidate relay UEs are UE with DL RSRP < a threshold (called as Case II). The selected relay is the one with the highest DL RSRP among the candidate relay UEs and in D2D link budget of remote UE. 
· D2D RSRP only: The selected relay UE is an in-coverage UE with the highest D2D RSRP to the remote UE [2]. In this scheme, it is assumed that all in-coverage UEs with relay capability transmit PSDCH (i.e. all of them are candidate relay UEs) and remote UE can measure all PSDCHs transmitted from candidate relay UEs. Thus, this scheme may be not practical. 
· D2D RSRP with DL RSRP Threshold: This is similar to D2D RSRP only scheme but the difference is that some candidate relay UEs (i.e. relay-capable UEs satisfying DL RSRP threshold condition) transmit PSDCH and then remote UEs select the relay based on D2D RSRP. There are two variants as shown in [2]: i) candidate relay UEs are UE with DL RSRP > a threshold (called as Case I), ii) candidate relay UEs are UE with DL RSRP < a threshold (called as Case II). The selected relay is the one with the highest D2D RSRP among the candidate relay UEs.
· Random selection: Relay UE selected randomly from the UEs that are in NW-coverage and within D2D link budget of remote UE as shown in [2].
Performance metrics
We simulate various relay selection schemes based on the following performance metrics:

· End-to-end performance: as shown in [2], this is measured by the number of UEs relayed and CDF of packet drop (failure).
· WAN resource utilization: this is measured by CDF of the number of RBs per packet per access link as described in [2].
Others
It is assumed that DL RSRP threshold value is configured by eNB and it takes the values {-115, -110,…, -65, -60} dBm with increments of 5dBm. Option 5 partial network drop described in [2] and VoIP traffic are taken into account. Detailed simulation assumptions are given in Appendix A.
3
Effect of DL RSRP Threshold Values
Performance of DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme is affected by the DL RSRP threshold value. So, we study how the threshold in these schemes gives an impact to end-to-end performance and WAN/D2D resource utilization.

3.1
End-to-end performance: the number of remote UEs relayed 
DL RSRP with DL RSRP Threshold
Table 1 shows end-to-end performance for Case I in terms of the number of remote UEs relayed. As the threshold value increases from left to right side, the number of remote UEs relayed decreases because higher threshold reduce the number of candidate relay UEs, which results in decreasing the number of selected relay UEs. However, for Case II, it is shown from Table 2 that as the threshold value increases, the number of remote UEs relayed increases because higher threshold gives remote UEs more opportunity to find relay UEs.
Table 1: The number of remote UEs relayed for the DL RSRP with DL RSRP threshold scheme, where candidate relay UEs are UE with DL RSRP > a given threshold (Case I) and selected relay UEs are the ones with the highest DL RSRP among the candidate relay UEs 
	Threshold [dBm]
	-115
	-110
	-105
	-100
	-95
	-90
	-85
	-80
	-75
	-70
	-65
	-60

	# of remote UEs
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448

	# of remote UEs relayed
	380
	380
	380
	315
	224
	159
	113
	69
	49
	17
	16
	10

	# of candidate relay UEs
	1152
	1152
	1152
	844
	626
	523
	429
	352
	328
	287
	283
	278

	# of relay UEs selected
	264
	264
	264
	207
	143
	99
	71
	46
	30
	10
	9
	5


Table 2: The number of remote UEs relayed for the DL RSRP with DL RSRP threshold scheme, where candidate relay UEs are UE with RSRP < a given threshold (Case II) and selected relay UEs are the ones with the highest DL RSRP among the candidate relay UEs
	Threshold [dBm]
	-115
	-110
	-105
	-100
	-95
	-90
	-85
	-80
	-75
	-70
	-65
	-60

	# of remote UEs
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448

	# of remote UEs relayed
	0
	0
	0
	284
	335
	358
	367
	377
	378
	379
	380
	380

	# of candidate relay UEs
	274
	274
	274
	575
	781
	911
	997
	1074
	1107
	1136
	1140
	1144

	# of relay UEs selected
	0
	0
	0
	160
	213
	243
	256
	256
	260
	263
	265
	265


D2D RSRP with DL RSRP Threshold

It can be found from Table 3 and Table 4 that D2D RSRP with DL RSRP threshold scheme can provide slightly better end-to-end performance in terms of the number of remote UEs relayed than DL RSRP with DL RSRP threshold scheme, when the same threshold is considered (please compare Table 1 vs. Table 3, and Table 2 vs. Table 4).
Table 3: The number of remote UEs relayed for the D2D RSRP with DL RSRP threshold scheme, where candidate relay UEs are UE with DL RSRP > a given threshold (Case I) and selected relay UEs are the ones with the highest D2D RSRP among the candidate relay UEs
	Threshold [dBm]
	-115
	-110
	-105
	-100
	-95
	-90
	-85
	-80
	-75
	-70
	-65
	-60

	# of remote UEs
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448

	# of remote UEs relayed
	380
	380
	380
	318
	224
	158
	113
	69
	49
	17
	16
	10

	# of candidate relay UEs
	1152
	1152
	1152
	850
	641
	509
	442
	350
	321
	286
	294
	284

	# of relay UEs selected
	278
	278
	278
	221
	149
	105
	78
	48
	31
	10
	9
	6


Table 4: The number of remote UEs relayed for the D2D RSRP with DL RSRP threshold scheme, where candidate relay UEs are UE with DL RSRP < a given threshold (Case II) and selected relay UEs are the ones with the highest D2D RSRP among the candidate relay UEs
	Threshold [dBm]
	-115
	-110
	-105
	-100
	-95
	-90
	-85
	-80
	-75
	-70
	-65
	-60

	# of remote UEs
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448
	448

	# of remote UEs relayed
	0
	0
	0
	284
	337
	356
	369
	378
	379
	379
	379
	380

	# of candidate relay UEs
	274
	274
	274
	581
	792
	913
	998
	1067
	1105
	1137
	1139
	1146

	# of relay UEs selected
	0
	0
	0
	181
	239
	261
	271
	276
	277
	278
	278
	278


Based on the results shown from Table 1 to Table 4, we observe the following:
Observation 1: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different end-to-end performance in terms of the number of remote UEs relayed.

Observation 2: D2D RSRP with DL RSRP threshold scheme can provide slightly better end-to-end performance than DL RSRP with DL RSRP threshold scheme in terms of the number of remote UEs relayed, when the same threshold value is considered.

Observation 3: Case II (DL RSRP threshold < a given threshold) can provide slightly better end-to-end performance than Case I (DL RSRP threshold > a given threshold) for both schemes in terms of the number of remote UEs relayed.

3.2
End-to-end performance: Packet Drop Rate 
Fig. 1 and Fig. 2 show CDFs of packet drop rate depending on various DL RSRP thresholds. It is found from Fig. 1 that for Case I, both schemes can achieve better end-to-end performance in terms of packet drop rate as the threshold increases, because the possibility that candidate relay UEs can provide better Uu link quality increases. However, it should be noted from Table 1 and Table 3 that the number of remote UEs relayed decreases according to decrease in the number of candidate relay UEs. When DL RSRP threshold is larger than -85 dBm, there is no packet drop for DL RSRP with DL RSRP threshold scheme (-90 dBm for DL RSRP with DL RSRP threshold scheme)

Similar situation happens in Case II for both schemes. However, it should be noted from Fig. 2 that packet drop rate performance of DL RSRP with DL RSRP threshold (Fig. 2(a)) is more sensitive to the DL RSRP threshold than that of D2D RSRP with DL RSRP threshold scheme (Fig. 2(b)). This can be explained by the following fact: as the threshold increases, the number of candidate relay UEs increases for both schemes (please see Table 2 and Table 4). In DL RSRP with DL RSRP threshold scheme, remote UEs select the relay with the highest Uu link quality but in D2D RSRP with DL RSRP threshold scheme, remote UEs select the relay with the highest PC5 link quality. So, DL RSRP with DL RSRP threshold scheme has more possibility to provide worse PC5 link quality than D2D RSRP with DL RSRP threshold scheme, which results in reducing packet drop rate performance of DL RSRP with DL RSRP threshold scheme.
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	(a) DL RSRP with DL RSRP threshold
	(b) D2D RSRP with DL RSRP threshold

	Figure 1: CDFs of Packet drop when DL RSRP threshold > a given threshold (Case I)
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	(a) DL RSRP with DL RSRP threshold
	(b) D2D RSRP with DL RSRP threshold

	Figure 2: CDFs of Packet drop when DL RSRP threshold < a given threshold (Case II)


Observation 4: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different end-to-end performance in terms of packet drop rate.

Observation 5: For Case I (DL RSRP threshold > a given threshold), packet drop rate performance of DL RSRP with DL RSRP threshold scheme is similar to that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.

Observation 6: For Case II (DL RSRP threshold < a given threshold), packet drop rate performance of D2D RSRP with DL RSRP threshold scheme is better than that of DL RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.
Observation 7: Case I (DL RSRP threshold > a given threshold) can provide better end-to-end performance than Case II (DL RSRP threshold < a given threshold) in terms of packet drop rate when same DL RSRP threshold is considered.

3.3
WAN resource utilization: the number of RBs
Fig. 3 and Fig. 4 show CDFs of RB Utilization for Case I and Case II. For Case I shown in Fig. 3, DL RSRP with DL RSRP threshold scheme has more chance to efficiently utilize WAN resource than D2D RSRP with DL RSRP threshold scheme. This is coming from the fact that as the threshold increase, the number of candidate relay UEs reduces but the possibility that selected relay UEs provide better Uu link quality increases.
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	(a) DL RSRP with DL RSRP threshold
	(b) D2D RSRP with DL RSRP threshold

	Figure 3: CDFs of WAN resource utilization when DL RSRP threshold > a given threshold (Case I)


On the other hand, for Case II, as the threshold decreases, the number of candidate relay UEs also reduces for both schemes (please see Table 2 and Table 4) and the possibility that candidate relay UEs provide good Uu link quality also decreases. At this point, it should be noted that DL RSRP with DL RSRP threshold scheme selects the relay providing the highest DL RSRP among candidate relay UEs but D2D RSRP with DL RSRP threshold scheme selects the relay providing the highest D2D RSRP among candidate relay UEs. Thus, DL RSRP with DL RSRP threshold scheme has more chance to select relays with good Uu link quality than D2D RSRP with DL RSRP threshold. This results in better WAN resource utilization performance of DL RSRP with DL RSRP threshold scheme.
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	(a) DL RSRP with DL RSRP threshold
	(b) D2D RSRP with DL RSRP threshold

	Figure 4: CDFs of WAN resource utilization when DL RSRP threshold < a given threshold (Case II)


Observation 8: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different WAN resource utilization performance.

Observation 9: For Case I (DL RSRP threshold > a given threshold), WAN resource utilization performance of DL RSRP with DL RSRP threshold scheme is slightly better than that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.

Observation 10: For Case II (DL RSRP threshold < a given threshold), WAN resource utilization performance of DL RSRP with DL RSRP threshold scheme is better than that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.
Observation 11: Case I (DL RSRP threshold > a given threshold) can provide better WAN resource utilization than Case II (DL RSRP threshold < a given threshold) when same DL RSRP threshold is considered.
4
Performance Comparison

This section provides performance comparison between two DL RSRP threshold-based schemes (i.e. DL RSRP with DL RSRP threshold and D2D RSRP with DL RSRP threshold) and other relay selection schemes (random, DL RSRP only, D2D RSRP only. Moreover, max{min(DL RSRP, D2D RSRP)} mentioned in [3] is considered for the performance comparison as follows:

· max{min(DL RSRP, D2D RSRP)}: It is assumed that all in-coverage UEs with relay capability transmit their Uu link quality on PSDCH (i.e. all of them are candidate relay UEs) and remote UE can measure all PSDCHs transmitted from candidate relay UEs. Then remote UE selects the relay based on this metric (called as min-max metric). 
· max{min(DL RSRP, D2D RSRP)} with DL RSRP threshold: This is similar to the above scheme but the difference is that some candidate relay UEs (i.e. relay-capable UEs satisfying DL RSRP threshold condition) transmit Uu link quality and then remote UEs select the relay based on the min-max metric. There are two variants depending on how to compose candidate relay UEs: i) candidate relay UEs are UE with DL RSRP > a threshold (called as Case I), ii) candidate relay UEs are UE with DL RSRP < a threshold (called as Case II).
Fig. 5 shows packet drop rate performance. It is noted that the performance of min-max is better than that of DL RSRP only scheme but worse than that of D2D RSRP only scheme. Similarly, for Case I (DL RSRP > a threshold) and Case II (DL RSRP < a threshold), the performance of min-max with threshold is better than that of DL RSRP with threshold scheme but the performance of min-max with threshold is worse than that of D2D RSRP with threshold scheme.
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	Figure 5: CDFs of packet drop rate
Observation 12: Min-max metric provides intermediate end-to-end performance in terms of packet drop rate, i.e. better performance than DL RSRP with DL RSRP threshold and worse performance than D2D RSRP with DL RSRP threshold.

Fig. 6 shows CDFs of the number of RBs per packet per access link. It is noted that the performance of min-max is better than that of D2D RSRP only scheme but worse than that of DL RSRP only scheme. For Case I (DL RSRP threshold > -85 dBm) and Case II (DL RSRP threshold < -60 dBm), DL RSRP with threshold, D2D RSRP with threshold, and min-max with threshold schemes can achieve similar performance.
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	Figure 5: CDFs of RB utilization

Observation 13: From the point-of-view of WAN resource utilization, min-max with threshold, DL RSRP with threshold, and D2D RSRP with threshold can provide similar performance for both Case I (DL RSRP threshold > a given threshold) and Case II (DL RSRP threshold < a given threshold).


5
Conclusion
This document provides performance comparison of various relay selection schemes. Based on the discussion, we have the following observations:
Observation 1: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different end-to-end performance in terms of the number of remote UEs relayed.

Observation 2: D2D RSRP with DL RSRP threshold scheme can provide slightly better end-to-end performance than DL RSRP with DL RSRP threshold scheme in terms of the number of remote UEs relayed, when the same threshold value is considered.

Observation 3: Case II (DL RSRP threshold < a given threshold) can provide slightly better end-to-end performance than Case I (DL RSRP threshold > a given threshold) for both schemes in terms of the number of remote UEs relayed.

Observation 4: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different end-to-end performance in terms of packet drop rate.

Observation 5: For Case I (DL RSRP threshold > a given threshold), packet drop rate performance of DL RSRP with DL RSRP threshold scheme is similar to that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.

Observation 6: For Case II (DL RSRP threshold < a given threshold), packet drop rate performance of D2D RSRP with DL RSRP threshold scheme is better than that of DL RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.
Observation 7: Case I (DL RSRP threshold > a given threshold) can provide better end-to-end performance than Case II (DL RSRP threshold < a given threshold) in terms of packet drop rate when same DL RSRP threshold is considered.
Observation 8: Depending on the threshold value, DL RSRP with DL RSRP threshold scheme and D2D RSRP with DL RSRP threshold scheme show different WAN resource utilization performance.

Observation 9: For Case I (DL RSRP threshold > a given threshold), WAN resource utilization performance of DL RSRP with DL RSRP threshold scheme is slightly better than that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.

Observation 10: For Case II (DL RSRP threshold < a given threshold), WAN resource utilization performance of DL RSRP with DL RSRP threshold scheme is better than that of D2D RSRP with DL RSRP threshold scheme when same DL RSRP threshold is considered.
Observation 11: Case I (DL RSRP threshold > a given threshold) can provide better WAN resource utilization than Case II (DL RSRP threshold < a given threshold) when same DL RSRP threshold is considered.
Observation 12: Min-max metric provides intermediate end-to-end performance in terms of packet drop rate, i.e. better performance than DL RSRP with DL RSRP threshold and worse performance than D2D RSRP with DL RSRP threshold.

Observation 13: From the point-of-view of WAN resource utilization, min-max with threshold, DL RSRP with threshold, and D2D RSRP with threshold can provide similar performance for both Case I (DL RSRP threshold > a given threshold) and Case II (DL RSRP threshold < a given threshold).

Based on these observations, we propose the following:

Proposal: It is not necessary for candidate relay UEs to forward their Uu link quality to off-network remote UEs as long as a proper DL RSRP threshold is configured.
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Appendix A: Evaluation Assumptions
	Parameters
	Value

	Layout and Dropping
	Partial network drop used in [2]

	Number of UEs
	10 UEs per cell with WAN traffic (total 570 UEs), 150 UEs per cell as potential relays

	Carrier frequency
	700 MHz

	Channel model
	TR 36.843

	RF parameters
	TR 36.843

	Transmit power
	23 dBm for WAN, 31 dBm for D2D

	Traffic model
	VoIP

	D2D/relay association threshold
	138 dB as per [2]

	In-band emission model
	{3, 6, 3, 3}

	WAN to D2D interference,

D2D to WAN interference
	None

	Scheduler
	WAN: round robin (variable number of transmission and PRBs/packet)

D2D: 2 PRB, random selection and 4 transmissions per packet

	Power control
	WAN: Open-loop power control (P0 = -106, alpha = 1), 

D2D: No power control


