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1
Introduction
In this contribution, we discuss how to facilitate L3 based UE-NW relay [1], and in particular argue for Uu link quality based relay selection. We note that the following was discussed at RAN1 #81:

	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. 

To help address these points at RAN1#82, further evaluations are encouraged. 


In this contribution, we answer these two questions based on further evaluations. This contribution is structured as follows:
· Section 2 discusses the need for Uu link quality in Relay selection: 

· Section 2.1 discusses the results from our previous contribution ([2])

· Section 2.2 presents new results including

i) Robustness of Relay selection in presence of RSRP measurement error

ii) Joint Uu and PC5 metric based Relay selection

· Section 2.3 discusses design proposals based on the simulation results

· Section 3 concludes the contribution
2
Relay selection
2.1 Relay selection results (from R1-152778) 

We look at the question of which Relay UE a given remote UE should select as Relay. We note that the following criterion can be use:

· Scheme I and II: Relay UE backhaul quality – we consider two schemes: DL RSRP, DL SINR

· That is, the selected Relay UE is the one with highest DL RSRP (or SINR) that is within D2D link budget

· Scheme III: Remote UE to Relay UE pathloss (called D2D RSRP)

· That is, the selected Relay UE is an in-coverage UE with the lowest pathloss to the remote UE 

· Scheme IV: PHY agnostic selection – called Random selection
· Relay UE selected randomly from the UEs that are in NW-coverage and in D2D link budget of remote UE
· Schemes V and VI: candidate Relay UEs are selected based on DL RSRP  -- we study two variants of this scheme (i) candidate Relay UEs are UE with RSRP < -85 dBm and (ii) candidate Relay UEs are UEs with RSRP > -85 dBm. (Motivated in part by discussion in [3]). The remote UEs then select Relay based on D2D RSRP. 
We note that unlike Schemes I to IV, schemes V and VI actually apriori reduce the set of relay candidates and thereby possibly reducing the number of UEs relayed. Given this, for a fair comparison we update our metrics to include number of UEs relayed as a metric in addition to simplifying the WAN resource usage metric to specify it per access link packet relayed. 

Therefore, we look at two main criterion for characterizing these 4 schemes:

· End-to-end performance – measured by 
· Number of UEs relayed (shown in Table 1 below)

· CDF of  packet failure for UEs relayed (shown in Figure (a) below)

· Note that this is typically dominated by the D2D performance on the access link as WAN is lightly loaded
· WAN resource utilization

· Per packet per access link (shown in Table 1 below)

· UL SINR cdfs (shown in Figure (b) below) – note that the CDFs are adjusted as per the number of UEs relayed for a fair comparison.

We simulate the above 6 schemes based on Option 5 partial network drop for voice and video. End-to-end simulations are performed with a mix of direct WAN UEs, relay UEs and remote UEs, and the detailed simulation assumptions are given in Appendix A.  Figure 2 below shows an example drop and its zoomed-in section, showing WAN links (both direct and backhaul) and access links. All WAN connected UEs are shown as a dot, Relay UEs amongst them are distinguished as a circle, and remote UEs are shown as a square... Table 1 shows the Relay and WAN utilization performance at a system level, and Figure 3 shows the detailed performance in terms of the metrics discussed above.

[image: image1.emf]-4 -2 0 2 4

-4

-3

-2

-1

0

1

2

3

4

km

km

  [image: image2.emf]1 1.1 1.2 1.3 1.4 1.5 1.6 1.7

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

km

km

 

 


Figure 1 Example Drop and Relay association
	Scheme\Metric
	Number of UEs relayed

(VoIP) 


	WAN resource utilization per packet per access link (VoIP)
	Number of UEs relayed (Video)
	WAN resource utilization per packet per access link (Video)

	DL RSRP
	354 out of 444 (79%)
	2.27 RBs (+2%)
	318 out of 444 (71%)
	3.60 RBs (+1.5%)

	DL SINR
	354 out of 444 (79%)
	2.22 RBs (Baseline)
	318 out of 444 (71%)
	3.54 RBs (baseline)

	D2D RSRP
	354 out of 444 (79%)
	2.77 RBs (+24%)
	318 out of 444 (71%)
	5.08 RBs (+43%)

	Random
	354 out of 444 (79%)
	2.72 RBs (+22%)
	318 out of 444 (71%)
	4.92 RBs (+38%)

	DL RSRP < -85 dBm
	298 out of 444 (67%)
	3.03 RBs (+36%)
	282 out of 444 (63%)
	6.52 RBs (+84%)

	DL RSRP > -85 dBm
	276 out of 444 (62%)
	1.92 RBs (-13.5%)
	215 out of 444 (48%)
	2.60 RBs (-26.5%)


Table 1 Relay performance and WAN impact 
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(a) VoIP                                                                                  (a) Video
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(b) VoIP                                                                                   (b) Video

Figure 2 UE-NW Relay performance

Based on the simulation results, we make the following observations:

Observation 1: D2D RSRP based selection has the best end-to-end performance.

Observation 2: DL RSRP or SINR based selection use the least WAN resources while providing acceptable end-to-end performance. D2D RSRP based schemes increase WAN resource utilization by 24% (VoIP) and 43% (Video) over DL SINR based schemes.
Observation 3: Random (or PHY agnostic) solution does worse both in terms of end-to-end performance and WAN resource utilization. 

Observation 3-1: DL RSRP based thresholding schemes lead to less number of UEs relayed.
2.2 New Relay selection results

2.2.1 Robustness to RSRP errors

As discussed at RAN1 #81, we study the robustness of Uu based selection schemes to the RSRP error. We assume that RSRP error is uniform in [-4.5, 4.5] dB based on the RAN4 requirement for DL RSRP. We note that

· RAN4 requirement is defined for SINR of -6 dB, and typical error will be much smaller at higher SINR values.

· Typical UE may perform better than the RSRP requirement even at -6 dB (due to implementation margins). 

Thus provided simulation results for DL RSRP based Relay selection are with a worst cases assumption for RSRP errors  . 
Table 2 Relay performance with RSRP measurement error

	
	DL RSRP (perfect)
	DL RSRP (Noisy)

	Number of UEs relays
	354/444
	348/444

	WAN resource utilization
	2.27 (RBs/packet)
	2.28 (RBs/packet)
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Figure 3 Relay performance with RSRP measurement error
We observed that RSRP measurement error doesn’t impact the Relay performance significantly. 

To further understand this behaviour, we look at the distribution of D2D and DL RSRP of the candidate Relay UE that a remote UE sees. This is shown in Figure 4 below. We observe that there is large variation both in D2D and DL RSRP, and the variation is much larger than the RSRP error of 4.5 dB.
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Figure 4 D2D and DL RSRP distributions
Thus, we make the following observation:

Observation 4: Uu based relay selection is robust to DL RSRP errors of up to 4.5 dB.

2.2.2 Joint Uu and PC5 based Relay selection

Next, we discuss Relay selection performance of schemes that account for both Uu and PC5 metrics. In particular, we look at a simple scheme that selected relay based on maximizing:

	w * D2D RSRP + (1-w) * DL RSRP


Where w is a pre-configured parameter. Note that w = 0, corresponds to the DL RSRP scheme and w =1 corresponds to D2D RSRP scheme.  The results are provided in Table 3 and Figure 5 below:

Table 3 Relay selection performance for joint Uu and PC5 metrics

	
	w = 0

DL RSRP
	w = 1/4
	w = 1/2
	w = 3/4
	w = 1

D2D RSRP

	Number of UEs relayed
	354/444

	WAN resource utilization (RBs/packet)
	2.24
	2.27
	2.44
	2.50
	2.76

	WAN resource utilization increase
	0%
	1%
	8%
	11%
	23%
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Figure 5 Relay selection performance for joint Uu and PC5 metrics
Based on the results we observe that:
Observation 5-1: for some weights (w =1/2, 3/4), weighted combining gives comparable end to end performance as D2D RSRP while reducing the WAN resource utilization. 

Observation 5-2: weighted combining of Uu and PC5 metrics allows for trading off WAN resource utilization with D2D performance.

2.3 Design proposals
Based on the simulation results in Sections 2.1 and Sections 2.2, we make the following proposals:
Proposal 1: Uu DL RSRP is carried in Relay discovery message.
Proposal 2: When remote UE is out of coverage, relay selection mechanism can be done based on Option 1 (left to UE implementation) or Option 2 (specified mechanisms with configurable parameter to weigh D2D and WAN RSRP). 

We note that latency requirement for Relay discovery can be much more stringent than that for other discovery applications. Thus it is beneficial to allow Relay discovery to happen at a faster time scale, and hence we propose

Proposal 3: a separate and dedicated resource pool is used for Relay discovery messages. Additional values of discovery period can be considered to support lower latency – same value as control period (e.g. {40, 80, 160} ms. For FDD) are used.
3
Conclusion

In this contribution, we considered UE-NW relay along with simulation results, and made the following observations and proposals:
Observation 1: D2D RSRP based selection has the best end-to-end performance.

Observation 2: DL RSRP or SINR based selection use the least WAN resources while providing acceptable end-to-end performance. D2D RSRP based schemes increase WAN resource utilization by 24% (VoIP) and 43% (Video) over DL SINR based schemes.

Observation 3: Random (or PHY agnostic) solution does worse both in terms of end-to-end performance and WAN resource utilization. 

Observation 3-1: DL RSRP based thresholding schemes lead to less number of UEs relayed.

Observation 4: Uu based relay selection is robust to DL RSRP errors of up to 4.5 dB.

Observation 5-1: for some weights (w =1/2, 3/4), weighted combining gives comparable end to end performance as D2D RSRP while reducing the WAN resource utilization. 

Observation 5-2: weighted combining of Uu and PC5 metrics allows for trading off WAN resource utilization with D2D performance.
Proposal 1: Uu DL RSRP is carried in Relay discovery message from the Relay UE.
Proposal 2: When remote UE is out of coverage, relay selection mechanism can be done based on Option 1 (left to UE implementation) or Option 2 (specified mechanisms with configurable parameter to weigh D2D and WAN RSRP). 

Proposal 3: a separate and dedicated resource pool is used for Relay discovery messages. Additional values of discovery period can be considered to support lower latency – same value as control period (e.g. {40, 80, 160} ms. For FDD) are used.
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Appendix A: Simulation Assumptions

	Parameter
	Value

	Drop
	Option 5 (In-Out) with 3 North-West eNBs (9 cells)

Note: this drop is similar to, but slightly different than, the partial network drop in 36.843.

10 UEs/cell with traffic (UL only) – total 570 UEs
150 UEs/cell as potential Relays

	Channel model
	As per TR 36.843

	Transmit power
	23 dBm for WAN, 31 dBm for D2D

	RF parameters
	As per TR 36.843

	Traffic model
	VoIP or Video [5] (UL Only) 
Video model assumes fixed 100 Byte packets – effective rate of 64kbps.

	D2D/Relay association threshold
	138 dB for VoIP, 130 dB for Video

	IBE
	{3,6,3,3}

	WAN to D2D interference

D2D to WAN interference
	None – assumed to be on separate channels

	D2D scheduler
	Random (R-12 design) 

2 RB (VoIP), 6 RB (video)
4 Transmissions/Packet

	WAN scheduler
	Round robin 

Variable # Transmissions and #of RBS/Packet

	WAN power control
	P0 = -106, alpha = 1

	D2D power control
	None


Table 4 Simulation assumptions[image: image12.png]



