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1 Introduction

At the last RAN1#89 meeting, the enhancements to D2D discovery targeting bandwidth limited UEs were discussed. The following agreements were made:

	Agreement
· The following discovery design enhancements are further studied
· Multi-shot discovery transmission across bandwidth of discovery pool(s) for Relay UE
· eNB assistance signaling to allow/improve Relay UE discovery

· Association of discovery transmission and reception resources
· Narrowband definition for discovery operation including 1 PRB and 6 PRB narrowband

· FFS whether discovery enhancements can be discovery model specific
· Other design options are not precluded

Agreement
· For bandwidth limited Remote UEs, discovery enhancements to aid communication establishment for UE-to-NW relaying are beneficial
· The following enhancements are further studied

· eNB assistance signaling

· Association of discovery and communication resources

· Other design options are not precluded


In this contribution, we focus on aspects of UE-to-NW relay discovery for wearable and IoT use cases. The considerations on general discovery design enhancements are presented in [7], while our considerations on sidelink synchronization and communication are provided in our companion contributions [6]-[13]. In addition, performance analysis of different discovery enhancement options is provided in [5] showing significant benefits from introducing discovery enhancements for wearable and IoT use cases.
2 Consideration on Relay and Remote UE Discovery Activation

Currently a UE may become a Relay UE if its RSRP to eNB is between configured thresholds. However, for activation of Relay UE announcements for wearable use cases, the RSRP based Relay discovery activation is not necessary, since the wearable Remote UE can benefit from relaying operation even if both Relay and Remote UEs have good Uu link quality, given that connection through Relay UE can be made more power efficient at least from Remote UE perspective. However, given that RSRP threshold can be configured to +/- infinite values, its usage may be already precluded by current specification.
The Remote UE relay discovery association can be triggered if Remote UE cellular RSRP is below a configured threshold. In wearable scenarios, there are multiple considerations besides the Uu link quality that may lead to initiation of relay connection, i.e. relative quality of Uu and PC5 links, required service, etc. Therefore, the Remote UE activation by Uu RSRP may be inefficient and should be reconsidered. However, given that RSRP threshold can be configured to +/- infinite values, its usage may be already precluded by current specification.
Observation 1

· Rel.13 mechanisms for Relay and Remote UE discovery activation can be reused for FeD2D scenarios

3 On Uu Link Quality

Currently, the relay is selected by a UE based on PC5 SD-RSRP measurements and higher layer information carried by the discovery messages. The UE selects a Relay with the best SD-RSRP if it fulfils the higher layer conditions. The best SD-RSRP criterion may provide better PC5 link quality, however, such operation does not take into account whether the Relay UE Uu link quality is good enough or better than the Remote UE Uu link quality and whether the relay operation can provide better data rate to the Remote UE. In Rel.13, the Relay link quality is implicitly controlled by the activation RSRP threshold, however, for wearable and MTC use cases, a more explicit knowledge of Relay Uu link quality during relay selection procedure may be needed in order to achieve the FeD2D objectives of optimized energy efficiency.

Proposal 1
· For Relay UE selection, support additional criteria on Relay Uu link quality

4 On PC5 Link Quality
Another issue with the legacy Rel.13 relay discovery procedure is the usage of SD-RSRP which may be power controlled using eNB-UE pathloss for co-existence purposes. Because of that, there may be small correlation between measured SD-RSRP and potential link quality / SNR for communication especially in direction from Remote UE to Relay UE. In other words, the current SD-RSRP based Relay selection criterion is more suitable for DL relaying while it may not be optimal for UL relaying.
Potential solution is to enable pathloss calculation based on discovery messages and SD-RSRP measurements. This may be achieved by signaling TX power in discovery announcements. Such mechanism may also provide simple solution to estimate pathloss for other purposes, e.g. for link adaptation and enhanced power control. The signaling of TX power in discovery message also requires modification to PSDCH MAC procedures which are subject to further normative work.
If pathloss is known to Remote UE, it may select the candidate Relay UE based on its primary operation mode (e.g. UL or DL or both).
Proposal 2
· Additional relay selection criterion based on pathloss calculation is supported in FeD2D,

· PSDCH TX power is included into PSDCH payload, FFS signaling details
In case of Type 2 Remote UEs (no SL reception), the SD-RSRP measurement may only be available at the Relay UE side. In our companion contribution [7] it is proposed that SD-RSRP measurements are reported to eNB which can forward them to the Remote UE or process by its own and trigger sidelink communication with a particular UE. The SD-RSRP measurements may be associated with particular resources or directly with a UE identity carried by PSDCH messages.
Proposal 3

· Enable SD-RSRP measurements reporting from a UE to eNB
5 Association of Discovery and Communication Resources
For UE-to-NW operation, the relay discovery is often a pre-requisite. The optimized procedures for bandwidth limited UE discovery provide faster and more energy efficient target Relay UE discovery as it is discussed in [7] and [5]. After the discovery, the communication is established in PSCCH and PSSCH resources. The PSCCH/PSSCH resource may also be configured in much wider bandwidth than the Remote UE’s bandwidth and therefore enhancements are needed for energy efficient operation. For that purposes, sub-channelization similar to Rel.14 resources configuration is discussed and proposed in our companion contribution [9].
In our view, it is natural to use discovery procedure to aid selection of communication resources. In a simple example, a discovery announcement/solicitation/response triggered Relay UE selection may be associated with a sub-channel for PSCCH/PSSCH transmission to establish communication session. In that case, both Relay UE and Remote UE will be tuned to the same part of spectrum thus increasing chances for successful PSCCH/PSSCH reception. The association may be done via UE identities or resources/sub-channels used for discovery. This is also beneficial for wideband Relay UEs which can process only a part of PSCCH/PSSCH sub-channel associated with particular discovery processes.
An alternative relay discovery model may be introduced where the wearable/MTC devices can announce themselves in discovery resources (i.e. transmit discovery) seeking for a response. As a response, the assisting cellular device, e.g. Relay UE can respond in PSCCH/PSSCH resources (i.e. initiate communication session), which is associated/linked with the discovery resource occupied by the wearable/MTC terminal. The linkage between discovery transmission resource and resource for reception for any of sidelink channels can simplify many higher layer procedures when narrow bandwidth sidelink devices are used and can be provided by remote UE in a discovery message itself.
Proposal 4

· eNB can configure association between discovery resources (PSDCH) and communication resources (PSCCH/PSSCH)
6 Conclusions
In this contribution the aspects related to UE-to-NW discovery enhancements for FeD2D were discussed. Based on the discussion and analysis, the following is proposed:
Proposal 1
· For Relay UE selection, support additional criteria on Relay Uu link quality

Proposal 2
· Additional relay selection criterion based on pathloss calculation is supported in FeD2D,

· PSDCH TX power is included into PSDCH payload, FFS signaling details

Proposal 3

· Enable SD-RSRP measurements reporting from a UE to eNB
Proposal 4

· eNB can configure association between discovery resources (PSDCH) and communication resources (PSCCH/PSSCH)
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