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1 Introduction

In this contribution, we discuss PHY layer measurements for support of L3-based UE-to-Network relays (UE-to-NW) [1]-[2]. There are two types of L1 measurements that can be used to facilitate UE-to-NW relay node discovery and selection procedure: cellular link (Uu – backhaul link) and sidelink (PC5 – access link) measurements.
At the previous RAN2 WG meeting, there was a discussion on the possibility to use PC5 measurements by Remote UE [3] (captured in the LS) for the sake of Relay UE selection procedure. The RAN2 WG requested RAN1 and RAN4 WGs to assess the feasibility of the Remote UE performing sidelink measurements of the radio link quality between the Remote UE and Relay UE candidate(s).
In the next sections, we discuss measurements to support L3 UE-to-NW Relaying and highlight potential issues in measurement definition and radio link quality characterization.
2 UE-to-NW Relaying Procedures
In order to define measurements for Relay UE selection, the overall signaling flow and physical channels involved into the UE-to-NW relaying procedure should be defined. However, the overall UE-to-NW relaying procedure is not finalized yet by RAN2 and SA WGs and multiple design options exist. For instance, sidelink physical channels used for Relay UE discovery are not decided yet (pending the decision on message size and capability to support UE-to-NW relaying w/o PSDCH resources). It is also not decided which node makes decision on Relay UE selection. The overall UE-to-NW relaying support may comprise several procedures: Relay UE activation/deactivation, discovery and selection/reselection. Each of these procedures may utilize certain measurements on backhaul or access link (in order to be triggered) and signaling exchange between eNB, Relay and Remote UEs.
The following aspects need to be discussed:
· Purpose of the measurement (Relay UE discovery, selection, etc.) and whether it can be done by UE implementation;

· Nodes that perform measurements (eNB, Relay UE, Remote UE);
· Physical channels/signals used for measurements;
· Measurement definition including: type (received power), resource (subframes/channels/signals) and procedure/metric.
3 eNB-UE Measurements (Cellular Link Measurements)
The existing eNB-UE measurements, such as RSRP/RSRQ are well defined by RAN1 specifications and can be used for multiple purposes of UE-to-NW Relaying.

The Relay UE may use RSRP/RSRQ measurements to activate/de-activate the Relay UE functionality based on cell-specific conditions configured by eNB. These measurements can be also used to characterize backhaul link quality that can be provided to Remote UE for intelligent Relay UE selection/reselection.
The Remote UE can utilize these measurement to trigger route switching from the relay to cellular path and vice versa. In addition, the Remote UE can utilize the RSRP/RSRQ measurements of the Relay UE(s) to perform Relay UE selection/reselection.

Proposal 1
· The cellular RSRP/RSRQ measurements are utilized by both Relay UE and Remote UE for UE-to-NW relaying procedures:
· criterion for activation/deactivation of UE-to-NW relaying functionality;

· characterization of backhaul link quality to trigger Relay UE selection/re-selection;

· route switching of Remote UE (cellular to relay path and vice versa).
4 UE-UE Measurements (Sidelink Measurements)

The sidelink measurements can characterize the radio link quality between Relay and Remote UE. However, the definition of these measurements is not as straightforward as eNB-UE measurements.

· First of all, the sidelink radio-link quality is not symmetrical. The measurements conducted by Remote UE cannot characterize the overall bi-directional performance of sidelink based UE-to-NW relaying. Therefore, in general case, the measurements of Relay UE are also needed to assess the overall relaying performance, i.e. including relaying towards network (UL Relaying). Therefore the measurements conducted by Remote UE only as indicated in [3] may not be sufficient. The bi-directional measurements (at both ends of sidelink) may complicate the UE-to-NW Relaying procedure and may be considered as an over optimization for support of L3 relaying in the LTE Rel.13. Moreover the information about sidelink RSRP/RSRQ like measurements may not be sufficient given that Relay and Remote UE may utilize different transmission powers and therefore either the knowledge of transmission power is needed or the cellular RSRP indication to derive the transmit power settings.
· At the second, the sidelink measurements need to be defined over pre-specified set of sidelink physical signals and/or channels. In general, the definition of these measurements will depends on the overall UE-to-NW relaying procedure and associated signaling and physical channels. There are two alternatives to perform sidelink measurements over physical discovery resources PSDCH (if utilized for UE-to-NW discovery) or physical communication resources (PSCCH/PSSCH). The measurements over discovery resources (e.g. using DMRS signals of PSDCH channel) may be non-reliable due to the following technical reasons:

· The allocated physical discovery resources can be utilized for other discovery applications and therefore are subject to strong interference due to potential collisions with discovery or communication transmissions. This effect may be especially noticeable given that in the LTE Rel.12 PSDCH demodulation reference signals are assumed to be the common across all UEs and discovery resources. Therefore, only composite channel quality can be measured in case of collision if only DMRS signals are used.

· The measurements on sidelink discovery channel may not guarantee accurate characterization of the sidelink communication channel quality, which is of higher importance for UE-to-NW relaying performance, since different number of UEs may participate in discovery and communication.

· The LTE Rel.12 discovery transmissions have narrow band physical structure that may limits the measurement accuracy. Additionally it may apply probabilistic silencing that can further complicate the measurements especially taking into account the relatively large period of the discovery resource allocation.
The measurements using PSCCH suffer from similar drawbacks as sidelink measurements defined over PSDCH. Therefore to characterize the sidelink radio-link quality the measurements over PSSCH may be more accurate in terms of characterization of the sidelink radio quality assuming Rel.12 framework. 
· The sidelink measurements, if needed may be done by UE implementation w/o the need to standardize those. The Remote UE may autonomously perform measurements to facilitate the process of intelligent Relay UE selection. The Relay UE also does not need to indicate this capability to Remote UEs if it can observe that the interference environment at the Relay UE is challenging in order reliably receive data from the Remote UE.
· Finally, the definition of the sidelink radio link quality needs to be further discussed. In particular, the interference environment on each sidelink subframe may vary dramatically since different set of UEs may transmit at each subframe. Therefore the sidelink RSRQ definition needs to be carefully analyzed in terms of averaging over subframes. Moreover, for both sidelink RSRP and RSRQ definition, the UE which conducts measurements needs to be aware about TX power.
Based on the discussion above we can conclude, that sidelink measurements are feasible, however the benefits of specifying such measurements and the way they are defined needs to further analyzed before making an agreement to introduce those in specification. In order to improve performance and the value of sidelink measurements the following enhancements may be considered. In case the measurements are done over PSDCH resources, the pools dedicated to UE-to-NW relaying only may be defined. In order to improve accuracy of the measurement, not only DMRS but also PSDCH data payload may be considered if it is shown that there is a significant mismatch and accuracy problem of using DMRS only. The usage of PSDCH waveform will require decoding of the channel and needs to be analyzed in terms of accuracy and complexity in RAN4. The same enhancements can be considered for PSCCH resources. In case the measurements are done over PSSCH, the restricted subset of T-RPT patterns and sub-bands over which the measurements may be conducted need to be configured. The mechanism to perform subframe or pattern specific measurements needs to be analyzed. The final definition of sidelink radio-quality may be a function of sidelink subframe or pattern specific RSRQ and RSRP measurements, which may be further quantized to represent indication of the sidelink quality. 
Proposal 2
· Discuss the overall UE-to-NW relaying procedure, before starting detail discussion on the introduction and definition of sidelink measurements.
· Request feedback from RAN2 and SA WGs on signalling flow and physical channels involved into the UE-to-NW relaying procedures.

· Consider to rely on UE implementation for sidelink measurements to support out of coverage Remote UE which is the main objective of the LTE Rel.13.
Finally, if specification of sidelink measurements for L3 UE-to-NW Relaying support is agreed the following enhancements to the LTE Rel.12 specification need to be considered: 1) backhaul link performance indicators (RSRP, RSRQ) made available at Remote UE, 2) dedicated resource pools used for UE-to-NW relaying are supported, 3) pre-configured and reduced set of measurement resources (e.g. set of time resource patterns of transmission) is signaled or preconfigured by eNB; 4) measurement procedure and sidelink radio link quality metric is defined as a function of sidelink specific RSRP or RSRQ measurements.
5 Summary and Conclusions
In this contribution, we discussed the PHY layer measurements for support of L3-based UE-to-Network relays (UE-to-NW) [1]-[2]. Based on the discussion presented in this document we have following proposals:
Proposal 1

· The cellular RSRP/RSRQ measurements are utilized by both Relay UE and Remote UE for UE-to-NW relaying procedures:

· criterion for activation/deactivation of UE-to-NW relaying functionality;

· characterization of backhaul link quality to trigger Relay UE selection/re-selection;

· route switching of Remote UE (cellular to relay path and vice versa).
Proposal 2

· Discuss the overall UE-to-NW relaying procedure, before starting detail discussion on the introduction and definition of sidelink measurements.

· Request feedback from RAN2 and SA WGs on signalling flow and physical channels involved into the UE-to-NW relaying procedures.

· Consider to rely on UE implementation for sidelink measurements to support out of coverage Remote UE which is the main objective of the LTE Rel.13.
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