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1	Introduction
In RAN#71, the SI named “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed with the objectives of enhancement for the UE-to-NW relaying functionalities and LTE sidelink to enable low complexity/cost/energy IoT and wearables with QoS. From RAN1 perspective, the following objectives are identified [1]:

Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
So, for IoT and Wearables, low complexity/cost and energy are key characteristics for those devices and an effective way to achieve the goal is by reusing bandwidth limited UEs. This paper discusses the discovery enhancements for bandwidth limited UEs and provides preliminary evaluation results.
2	Discussion
TS 23.303 [2] defines two Direct Discovery Models, Model A or Model B discovery. It should be noted that although the choice of discovery model for discovery is up to upper layers, Model A is less suitable for initial relay discovery. It is primarily remote UE’s decision when to start relay discovery and it would not make sense for the relay (e.g. due to power consumption reasons) to broadcast announcement messages unnecessarily. Therefore, for band limited remote UEs, Model B is more likely to be used for relay discovery procedure.
[bookmark: ObsModelB]Observation 1: Model B is preferable for initial relay discovery procedure from energy-efficiency perspective of Relay UE and bandwidth limited Remote UE.
We therefore focus on Model B, where it is the remote UE which initiates the relay discovery procedure by sending a Relay Discovery Solicitation message; upon such message reception the relay UE responds with a Response message. The relay UEs in general is not bandwidth limited, it can monitor the whole PSDCH channel to find the suitable remote UEs and send the response in any possible resource. But for bandwidth limited remote UE, after sending the solicitation message it cannot monitor a broad set of resources looking for a response message from the relay UE for they are able to receive on the bandwidth limited to 6PRBs only. They may miss the response sent by the relay UEs or need to cost much more time and power to find the response. In order to avoid such case, some enhancements will be needed.
[bookmark: P_LimitRspRes]One way to achieve the goal is to associate the resource used for solicitation message transmissions with a resource which should be used for discovery response message transmission, so that the remote UE may determine a particular resource or set of resources where such a response should be expected. Such association may be realized by remote UE indicating directly where the response should be sent by the relay in the Discovery Solicitation message or by deducing from the resource on which the Discovery Solicitation message was received by relay UE. 
Proposal 1: RAN1 should work on enhancing discovery procedure of Model B by limiting the number of resources the Remote UE is forced to monitor while discovering the Relay UE for the sake of power efficiency optimization and support of BL UEs.
Furthermore, once the relay UE receives the Discovery Solicitation message, not only the contents and the occupied resources of the message are known, the channel condition information (e.g, SD-RSRP) is also known by the relay UE. Thanks to channel reciprocity, the SD-RSRP the remote UE finds is similar to the SD-RSRP the relay UE observes. Therefore, the relay UE can exploit the sidelink channel condition it observed to improve the performance. For example, the relay UE with poor sidelink channel condition can choose not to transmit response. Thus, both the power consumption of relay UE and the PC5 interference during discovery can be reduced.
3	System Level Evaluation
The system evaluations were made based on the agreed evaluation conditions in last RAN1 meetings. In scenario 1, N relay UEs, together with M remote UE per relay UE are dropped in the cell. In scenario 2, N relay UEs and M remote UEs are uniformly dropped in the cell. Although there is more relay UEs in scenario 2, 20-40 relays per cell comparing 10 relays per cell in scenario 1, less potential candidates may be discovered caused by the large ISD.
In simulation, discovery period is set to 320ms and the resource pool is 48 PRBs by 8 subframes. For bandwidth limited UE, the available resource it can reach is 6 PRBs per subframe. We can define one RX pool for remote UE is 6 PRBs. The transmit power of 23 dBm is assumed for remote UE and relay UE. The packet size is 232 bits and occupies 2 PRBs. The number of retransmissions per packet is 1. Here only model B is simulated, it is assumed that one remote UE sends a solicitation message in a randomly selected resource. The suitable relay UEs receive the solicitation and respond to it.
The legacy behavior and the enhanced behavior for discovery model B were evaluated. In legacy behavior, relays randomly selects a resource pool for transmission and remote UE choose one RX pool randomly to detect the response each discovery period. In enhanced behavior, the solicitation transmission and response transmission resources are associated. Relays transmit response message in one 6 PRBs pool associated with the resource used for solicitation transmission by the remote UE. The remote UE knows the 6PRB-wide pool in which to expect the response and tunes its RX chain to receive it.
[bookmark: _GoBack]The simulation result is shown in table I. In enhanced behavior, suitable relays can be detected more quickly than in legacy behavior. So in enhanced behaviour, the discovery procedure for bandwidth limited UEs costs less time and power than legacy behavior. 
Table I. Average number of discovered relay UEs per one bandwidth limited remote UE
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Observation 2: The enhanced behaviour for discovery Model B which associates the solicitation transmission and response transmission resources can detect relays more quickly and cost less time and power consumption.

3	Conclusion
In this contribution we discussed enhanced relay discovery behavior for model B and give evaluation result for bandwidth limited remote UEs. 
Observation 1: Model B is preferable for initial relay discovery procedure from energy-efficiency perspective of Relay UE and band limited Remote UE.
Proposal 1: RAN1 should work on enhancing discovery procedure of Model B by limiting the number of resources the Remote UE is forced to monitor while discovering the Relay UE for the sake of power efficiency optimization and support of BL UEs.
Observation 2: The enhanced behaviour for discovery Model B which associates the solicitation transmission and response transmission resources can detect relays more quickly and cost less time and power consumption.
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