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1 Introduction

There are two types of L1 measurements that can be used in UE-to-NW relay procedures: cellular link (Uu – backhaul link) and sidelink (PC5 – access link) measurements. In this contribution, we discuss Uu measurements that may be used for support of L3-based UE-to-Network relaying (UE-to-NW). In particular, we focus on the following aspects captured in the chairman notes at the previous meeting:

· Use of Uu link quality measurements by the remote UE for relay selection purposes for out-of-coverage:

· RAN1 should provide guidance on whether there is a benefit on using the Uu link quality and which Uu link quality.

Questions to consider / discuss with delegates of other WGs:

· Will signaling be provided to indicate the service relaying capability of the Relay UE to the remote UE?

· If so, at which layer? And could signaling of service relaying capability take into account implicitly the Uu link quality? 

· Is it useful to provide signaling to indicate Relay UE Uu link quality to the remote UE? (answer may depend on the answers to the above questions) Or is selection of which UEs can act as Relay UEs by the eNB sufficient?
FFS until RAN1#82:

· Whether to provide signaling to indicate Relay UE Uu link quality to the remote UE.
· If such signaling 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.
Our views on PC5 measurements are discussed in our companion contribution [1], while our overall views on UE-to-NW relay procedure provided in our RAN2 contribution [2].
2 Purpose of Uu Measurements
In our view, the Uu and any other PC5 measurements should be discussed jointly with the overall UE-to-NW relay procedure including the following aspects [2]-[3]: relay UE initiation (including network control, criteria and supported states), relay UE discovery, relay UE (re)-selection procedures and how those are triggered and controlled. In addition, it should be discussed which node does these measurements (e.g. Relay or Remote UEs) and how they are utilized by other nodes (eNB, Relay and Remote UEs).
Given the Layer-3 nature of the UE-to-NW relaying (being specified in LTE Rel.13) and the main use case of coverage extension (i.e. out of coverage Remote UE), we do not see the need in introduction of complicated measurements and procedures in LTE Rel.13, especially taking into account that resource allocation and resource selection aspects are not optimized. The sophisticated measurements/procedures need to be considered and justified, if the goal is to enhance relay operation in terms of traffic management. However, the proper traffic management with fast timescales cannot be a main function of upper layers even if upper layers have some information about radio-conditions. Moreover, upper layers are typically transparent with respect to the radio resource management.

In general, we believe it is useful to consider Uu measurement for some of the UE-to-NW relaying procedures. For instance, the Uu RSRP and/or RSRQ measurements can be used as a condition for relay UE initiation, determine or update the Relay candidate set. From that perspective, the configuration of RSRP and RSRQ thresholds can be recommended and thus RSRP/RSRQ measurements need to be utilized. As for Relay UE selection, it is obvious that for optimized system operation the only RSRP and RSRQ criteria is not sufficient and many other criteria should be taken into account depending on the target design goal. At the same time irrespective of the design goal, Relay and/or Remote UEs may be configured with the relevant Uu link quality thresholds as a triggering condition to discontinue relay service at Relay UE and/or initiation of switching from the cellular path to relay path and back.
Observation 1

· Utilization of the Uu link quality is beneficial and at least Uu RSRP measurement should be considered by RAN2 in UE-to-NW relay procedures.
In the next section, we analyze the impact of Uu link quality indicators such as RSRP and RSRQ on system performance in case of partial network coverage scenario [4], when UE-to-NW relay nodes are deployed.
3 Analysis of Uu Measurement Benefits
The sidelink RSRP measurement was agreed as working assumption to characterize PC5 link quality. According to the last RAN1 WG discussion, the main question is whether also Uu link quality measurement may be beneficial for relay procedures. In this section, we analyze potential benefits of additional use of Uu link quality (i.e. DL RSRP/RSRQ) in relay selection procedure.
For the analysis, we use the partial coverage scenario defined in [4] with indoor-outdoor mixed drop. There are 150 UEs/cell and 10 of them have VoIP traffic. The UL and D2D are deployed in the same carrier, so the mutual interference impact is considered. Each in-coverage UE is allowed to be selected as a relay without restriction on the number of connections and whether the relay has its own UL traffic.
The analysis is focused on UL relaying, since it is more challenging due to multiple factors, such as power/coverage limitation of UL, half-duplex constraint, mutual D2D and UL interference (analysis of DL relay performance can be found in Annex B). For UL, we use DL RSRP as a UL Uu quality indicator. The DL RSRQ is not considered because it has no information about interference situation in UL. The DL RSRP may be used for the following purposes during relay procedures:

1) Relay activation threshold. The DL RSRP threshold is used to activate relay functionality at in-coverage UEs. If applied, there are UEs which are in-coverage but are not activated for relay selection.
2) Metric for relay selection. The DL RSRP value is used to select a relay among relay candidates.
First, we study how the activation threshold impacts UL performance. In Figure 1, the performance is shown for different activation thresholds. The relay selection is based on best PC5 RSRP measurement.
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	Figure 1. Impact of DL RSRP activation threshold on UL system performance.


From the results above, it can be concluded, that the activation threshold has substantial impact on UL VoIP performance. First, different thresholds provide different outage probability, i.e. fraction of UEs which have not found a relay. The lower the threshold, the less the outage probability. However, as it may be seen, the extension of relay coverage may lead to worse overall performance on the target PER of 2% because of more congested UL spectrum resources and worse UL cellular performance. If a noise limited UE is selected as a relay, then it takes him several subframes to forward a single VoIP packet thus limiting the number of subframes where it can receive data from served remote UEs. On the other hand, the more UEs are relayed, the worse overall interference load because of higher system load, that leads to degradation on both sidelink and uplink transmissions. The impact on performance is dominated by UEs in out-of-coverage, thus the UEs which are considered in-coverage but not activated for relay selection do not contribute much to the statistics.

In summary, the performance may substantially depend on relay activation threshold. Thus, the Uu link quality should be used for Rel.13 relay procedures.
Observation 2
· In the considered scenario, usage of Uu link quality for relay activation is beneficial.
The Uu link quality may also be used for selection of a particular relay among the activated relay UEs. In the next subsection, the following relay selection criteria are analyzed:

· Best PC5 RSRP. In this case, a remote UE selects the relay based on maximum pathgain. For analysis, we assume that relay discovery is done assuming that all Relay UEs transmit at the same max power level.
· Best DL RSRP (backhaul link). The relay with maximum DL RSRP within proximity range of the remote UE is selected.
· Best PC5 RSRP + Best DL RSRP. The hybrid scheme, where first, the relay candidate set is limited by taking all relays within 10 dB margin relative to the best one and then selecting the best DL RSRP among them.

· Random. The relay is selected randomly from the proximity range.
Figure 2 shows the performance of the considered relay selection criteria. The DL RSRP activation threshold is fixed to -87 dBm, since it provides a good tradeoff between outage and VoIP PER statistics. 
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	Figure 2. UL UE Average PER CDF for different relay selection criteria.


From the analysis it may be concluded, that direct utilization of Uu RSRP quality for relay selection leads to even worse performance. That may be explained by several effects:

1) Performance is limited by D2D link quality and selection of best DL RSRP relay may substantially increase D2D link radio range (i.e. decrease link quality), because the Best DL RSRP UEs are closer to eNB, however far from the remote UE.

2) Selection of the relay UE by several remote UEs. This effect directly follows from the maximization criterion, because in a given area (cell or proximity range) there is one UE with best DL RSRP, and it is likely to be selected by UEs having overlapped proximity ranges.
Taking into account the above observations, it may be concluded that direct usage of Uu link quality for relay selection is not justified in the considered scenario.
Observation 3
· In the considered scenario, usage of Uu link quality for relay selection is not justified.
4 Conclusions
In this contribution, we provided our views on the usage of the Uu link quality for UE-to-NW relaying procedures. In our view, at least Uu RSRP metric should be used in relay procedures defined by RAN2 WG. In particular, we have shown that this metric may be beneficial for activation of UE-to-NW relay functionality. Based on the analysis, we have the following observations and proposals:
Observation 1

· Utilization of the Uu link quality is beneficial and at least Uu RSRP measurement should be considered by RAN2 in UE-to-NW relay procedures.

Observation 2
· In the considered scenario, usage of Uu link quality for relay activation is beneficial.
Observation 3
· In the considered scenario, usage of Uu link quality for relay selection is not justified.
Proposal 1

· Recommend to utilize the cellular RSRP measurements in UE-to-NW relay procedures defined by RAN2 WG.
· The details of signalling and relaying procedures are decided by RAN2 WG.
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Annex A – System Level Simulation Assumptions
	Parameter
	Cellular
	D2D

	Deployment scenarios
	Partial coverage, Option 5, 57 cells, ISD = 1732m, Indoor-outdoor mix (20% outdoor, 80% indoor) [4]

	eNodeB parameters
	See [4] for Option 5

	Synchronization
	Ideal synchronization

	Spectrum
	10 MHz @ 700 MHz, 50 PRBs

	Maximum TX power
	23 dBm
	23 dBm

	Power control
	Fractional open loop power control with α = 1, P0 = -106 dBm
	Maximum power transmission

	Interference
	UL WAN and D2D operate in the same spectrum, therefore have mutual interference impact from both co-channel and in-band emission.

	Association threshold
	For UL: DL RSRP -90 dBm
For DL: DL RSRP -96 dBm
	D2D RSRP -112 dBm

	Pathloss models
	See [4]
	See [4]

	Fast fading models
	See [4]
	See [4]

	UE antenna configuration
	1 TX, 2 RX
	1 TX, 2 RX

	UE number per cell sector
	150 UEs per cell, 10 of them have VoIP traffic.

	In-band emission model
	Modeled according to the mask from TS 36.101 with {3, 6, 3, 3}  offsets as in [4]

	Traffic model
	VoIP (328 bit), voice activity is 75%.

Maximum air-interface latency is 50 ms.
	Only relayed data

	Retransmissions
	HARQ chase combining with maximum 4 transmissions
	4 blind transmissions

	Scheduler
	MLWDF
	N/A (Mode-2)

	Resource Granularity
	N/A
	2 PRB

	T-RPT
	N/A
	Restriction pattern k = 4

	Frequency hopping
	N/A
	Type 1


Annex B – System Level Simulation Results for DL Case

In this section, the DL forwarding case is analyzed. The main differences with UL are that DL and D2D have no mutual interference impact, DL has better coverage than UL and the relay UE may serve a limited number of remote UEs because of restriction on transmission recourses. Removing the constraint on the number of TX processes to 1, in Mode-1 the UE may support VoIP transmission to 5 different UEs (4 TTI per 20 ms for 5 UEs) and 2 remote UEs in Mode-2 (due to limitation on k for Mode-2 T-RPT). For analysis, the restriction on 2 served remote UEs is set.
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	Figure 3. Impact of DL RSRP activation threshold on DL system performance.
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	Figure 4. DL UE Average PER CDF for different relay selection criteria.
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