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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 general discovery design enhancements for wearable and IoT use cases. The considerations on aspects of UE-to-NW relay discovery 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 Multi-shot Discovery Announcements
As it was agreed, the multi-shot discovery should be further studied for bandwidth limited UEs. Note, that this approach can be used for both Model A and Model B discovery for announcement and response transmission respectively by eRelay UEs. 

The multi-shot discovery assumes a Relay UE is configured either with one wideband pool or with multiple narrow-band pools. A Relay UE then should be allowed to transmit its announcements multiple times in one pool or across all configured TX pools (see Figure 1). Note, that currently there is a possibility to emulate multi-TTI transmission in one pool using different RVs. However, the number of retransmission is limited to four which is not sufficient to cover whole system bandwidth. The benefits from introducing these kind of enhancements are also shown in our companion contribution [5].
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Figure 1. Multi-shot discovery announcements by Relay UE.
As it is also discussed in [9], a sub-channelization mechanism within particular configured pool is beneficial for sidelink communication with bandwidth limited UEs. The same unified principle can be used for PSDCH as well instead of configuring multiple narrow pools that may introduce signaling burden and over-flexibility. Moreover, in case of support of 1 PRB UEs, in order to cover the whole system bandwidth, the number of signaled pools may be up to 50-100 without introduction of sub-channelization.

Proposal 1

· Multi-shot discovery is supported:
· Sub-channelization is configured for particular resource pool

· Configuration should include one sub-channel per resource pool
· UE can be configured to transmit in one or more sub-channels within the pool

· UE can be configured to transmit in multiple pools

· FFS whether multiple transmissions within one subframe are supported
· FFS resource selection details
3 Association of TX and RX Resources

Another potential enhancement to sidelink discovery for bandwidth limited UEs is the association of transmission and reception resources. This mechanism mainly targets Model-B discovery which is a two-step procedure: a solicitation is sent by a Remote UE and a response is sent by a Relay UE. The first step in the procedure is performed by Remote UE which is not problematic for Relay UEs in terms of wideband reception. The second step is performed by potential Relay UEs. Such behavior may allow to link Remote UE reception pool/sub-channel and Relay UE transmission resources (see in Figure 2). The linkage may be achieved by one-to-one mapping or one-to-many mapping rules. The one-to-one mapping may be advantageous from Remote UE perspective since it will need to process only particular discovery resources. However, if there are multiple responses from different Relay UEs, a one-to-many mapping is more appropriate in order to reduce potential collisions on the discovery resources.
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Figure 2. Association of solicitation transmission and response transmission discovery resources.
It should be noted, that currently there is no knowledge of discovery models at UE access stratum that may prevent introduction of discovery model-specific enhancements. This decision is pending RAN2 and other groups’ feedback. If the models can be known at access stratum, then a simple modification to discovery resource selection could be made. For example, a Relay UE when detecting solicitation message, can also detect associated pool/sub-channel. Then, in order to select transmission resources for the response message, it may follow a configured mapping rule between sub-channel of solicitation and sub-channel for response.
Observation 1

· Association of transmission and reception discovery resources can be supported by the following procedure:
· A Relay UE when detecting solicitation message, also detects associated pool/sub-channel
· For transmission of the response message the Relay UE follows a configured mapping rule between sub-channel of the solicitation message and sub-channel for the response message
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. The more details on such behavior are provided in a dedicated contribution [7].
4 eNB Assistance Signaling

The network can help to increase efficiency of discovery procedure, if it provides the pairing information for wearable/MTC device and assisting cellular terminal. For instance, the network can be aware which resources are being monitored by wearable/MTC device and provide this information to the assisting cellular terminal or vice versa.
In some scenarios, the eNB may even enable sidelink discovery, for example, when a Type 2 UE is assumed, which cannot receive in SL, then there is no other way to complete discovery process without eNB involvement.
Depending on usage scenario, the following types of assistance signaling can be considered:

· Assistance signaling type 1: Forwarding of discovery information (e.g. responses to solicitation)
· This type of assistance signaling is especially beneficial in case of Type 2 UEs, i.e. without SL reception capability. This type assumes that Relay UEs report to eNB the announcements/solicitations from discovered Remote UEs. The reports need to also include SL channel quality measurements (e.g. SD-RSRP) needed for relay discovery. Then, the eNB either forwards all the discovery information to the target Remote UEs or processes the reports in order to directly trigger communication establishment. 

· Assistance signaling type 2: Configuration of associated TX-RX resource pools (e.g. based on prior context)
· eNB can configure TX and RX discovery resource pools / sub-channels to Remote and Relay UEs in a way that UEs which are likely to establish communication are tuned to monitor / transmit on the same sub-band. For example, in case of wearable scenario, prior context and location information could be used to realize that particular Remote UE is interested in connecting to a particular Relay UE. As an option, eNB may configure mapping of group IDs to resource pools / sub-channels. Such details can be defined during the normative work.
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Figure 3. Discovery challenges by bandwidth restricted devices.

In principle, the discovery assistance can be implemented following eNB controlled discovery, where discovery resource for transmission is granted by eNB. In considered scenario, eNB can also configure discovery resource to be used for reception. In extreme case, the eNB may help to establish connection between two devices even w/o using legacy sidelink discovery process.
Observation 2
· eNB assistance signaling is beneficial for D2D discovery of low complexity bandwidth limited UEs

Proposal 2

· Forwarding of discovery responses along with SD-RSRP measurements is supported in FeD2D
5 Conclusions
In this contributions we discussed potential enhancements to sidelink discovery procedure targeting bandwidth limited UEs. Based on the presented analysis, we have following set of proposals on discovery enhancements for wearable and IoT use cases:

Observation 1

· Association of transmission and reception discovery resources can be supported by the following procedure:

· A Relay UE when detecting solicitation message, also detects associated pool/sub-channel
· For transmission of the response message the Relay UE follows a configured mapping rule between sub-channel of the solicitation message and sub-channel for the response message
Observation 2
· eNB assistance signaling is beneficial for D2D discovery of low complexity bandwidth limited UEs

Proposal 1

· Multi-shot discovery is supported:

· Sub-channelization is configured for particular resource pool

· Configuration should include one sub-channel per resource pool
· UE can be configured to transmit in one or more sub-channels within the pool

· UE can be configured to transmit in multiple pools

· FFS whether multiple transmissions within one subframe are supported

· FFS resource selection details
Proposal 2

· Forwarding of discovery responses along with SD-RSRP measurements is supported in FeD2D
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