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Introduction
In LTE Rel-12, the new interface PC5 was introduced to enable device to device proximity services, mainly including the features of direct discovery for in-network coverage, direct communication for in-network coverage, partial network coverage and outside network coverage, and the associated synchronization signal/channel and procedures. 
The following objectives are to be covered for D2D discovery in Rel-13 [1]:
1. Define enhancements (if needed) to D2D discovery to enable the following features: 
0. Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].
This paper discusses initial considerations on the potential enhancements to direct discovery in partial coverage and outside network coverage, based on the discussions in a companion paper [4]. In particular, this paper discusses a UE-to-Network relay discovery procedure and a potential enhancement for the direct discovery to support multiple message sizes. 

Considerations on enhancement designs for D2D discovery
As discussed in the companion paper [4], the public safety discovery for partial network coverage and outside network coverage focuses on UE-to-Network relay discovery. 
UE-to-Network relay discovery, selection and reselection
Considering the potential mobility of the remote UE and relay UEs and the discovery service continuity, the UE-to-Network relay discovery consists of two stages; they are the initial UE-to-Network relay selection and UE-to-Network relay reselection, as follows.
Initial UE-to-Network relay selection
The UE-to-Network relay is used to connect the remote UEs outside the network coverage to the cellular network that the remote UE could communicate with.  This may also apply when a UE moves from in-coverage to out-of-coverage and needs to find a relay in order to retain the connection to the network. The relay UE must be in the coverage of E-UTRAN and have relay capability (i.e., can operate with dual both PC5 and Uu interfaces). The first step of UE-to-network relay selection is to discover D2D UEs with relay capability.  There are two alternatives in the initial UE-to-Network relay discovery, which correspond to Model A discovery and Model B discovery:
· Option-1: Periodic announcement by the UE-to-Network relay UEs (Model A)
· Option-2: A solicitation by the remote UE followed by response from relay UEs (Model B)
With option-1, relay capable UEs periodically broadcast the discovery message, which includes the discovery type, layer-2 address (or ID) and network/connection information as in [2]. The out-of-coverage UEs monitor the discovery messages. If one or more relay UEs are discovered, the remote UE selects one as its UE-to-Network relay based on certain selection criteria, e.g., the one with the best received signal quality. The remote UE will send an indication of its selection back to the selected relay UE using D2D direct communication.  
With option-2, the out-of-coverage UEs broadcast a discovery message containing a solicitation message requesting connection to the network by a relay UE. The solicitation message could contain the discovery type and the layer-2 address of the out-of-coverage UE. Once the solicitation message is received by one or more relay UEs, the relay UEs can transmit the response message containing at least the message type, relay UE layer-2 address and network/connection information. Based on the received response messages, the remote UE can select one relay UE as its UE-to-Network relay (and indicate the selection in the subsequent direct communications with the selected relay UE). 
Generally speaking, option-2 is better than option-1 in the sense that in option-1 the relay UEs need to periodically transmit the discovery message, irrespective of whether there are any remote UEs.  The unnecessary periodic transmissions would consume energy and cause potential interference to other transmissions. 
For option-2, the solicitation message could be transmitted on the direct discovery channel PSDCH (group ID could be contained in the ProSe discovery protocol message) or with the ProSe direct communication channel (i.e.,PSSCH).  The relay UE could transmit the response message on the ProSe direct communication channel with low latency. 
Proposal-1: The initial selection of relay UE for UE-to-Network relay discovery could be based on Model B discovery. The ProSe direct communication is preferred for the transmission of the response message with low latency. 

UE-to-Network relay reselection
The remote UE starts D2D data communications with the network via the relay UE. Considering the mobility of the remote UE and/or the relay UE, UE-to-Network relay reselection might be needed for service continuity.  Figure 1 shows an example where the remote UE selects UE-1 as its UE-to-Network relay in the initial relay UE selection.  With the movement of UE-1 and remote UE in opposite directions, the remote UE might need to re-select UE-3 as the relay UE in order to ensure service continuity. Thus, a UE-to-Network relay reselection procedure is needed. 
For the UE-to-Network relay reselection procedure, all UEs responding as the candidate relay UEs in the initial relay discovery can be logged in a list and used as candidates for relay reseletion.  The remote UE could periodically send out a solicitation message based on preconfigured criteria, e.g., RSRP from Relay UE is lower than the configured threshold.  The remote UE will update the candidate relay UE list once it receives responses to the solicitation message, and make the reselection when reselection of the relay UE is triggered.

Proposal-2: The procedure of UE-to-Network relay reselection is needed for service continuity.  The relay reselection procedure includes making a list of candidate relay UEs, triggering solicitation message transmission, updating the relay UE candidate list, and triggering relay UE reselection.  The remotes UE will transmit solicitation messages periodically and update the candidate list of relay UEs for reselection.


Figure 1: Illustration of a scenario for UE-to-Network Relay

Service continuity when UE moves from relay to in-network coverage
Once a UE that has been attached to a UE-network relay enters cell coverage, it can communicate with the eNB directly. There is no need to continue to utilize the UE-to-network relay. The mobility procedures should therefore handle the case of transferring the connection from the relay to the eNB in order to provide service continuity. 


Enhanced direct discovery to support multiple message sizes
The ProSe discovery message size is fixed at 232 bits in Rel-12, which imposes unnecessary limitation on public safety discovery. For example, the solicitation message and announcement messages for UE-to-Relay discovery (selection and reselection) may have different message sizes.  If they are carried by the ProSe direct discovery channel with a fixed number of PRBs, the different message sizes will have different coverage due to their different coding gains.  Moreover, the receiving UE needs additional information to decode the discovery package with different message sizes.  (Otherwise, the receiving UE would need to perform blind detection of the message size.)  
A potential scheme to support the multiple message sizes is to use the cyclic shift of the DMRS sequence as the indicator of discovery message size. The receiver can have simple detection of the cyclic shift of the DMRS sequence before demodulation and decoding of discovery message.
Figure 2 shows link level simulation results for the performance of cyclic shift identification. In the simulations, it is assumed that 4 discovery message sizes are indicated by the four cyclic shifts of the length-24 DMRS sequence. Up to 4 transmissions are simulated, where non-coherent combination is made for different (re)transmissions. Partial correlation can be used to alleviate the negative impact of the frequency selectivity caused by multipath channel and timing delay from the open-loop timing control.  From the simulation results, we can see that generally the sequence detection has a good performance, especially when the number of retransmissions is relatively large. 
Based on the above discussions, we have the following proposals.
Proposal-3: Cyclic shifts of the DM RS sequence could be used to indicate the discovery message size when multiple discovery message sizes are supported.   
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Figure 2: Detection performance for different cyclic shifts of the DMRS sequence


[bookmark: _Ref129681832]Conclusions
In this paper, we discuss the potential enhancements to support public safety discovery in partial network coverage and out of network coverage. In particular, a UE-to-Network relay discovery procedure is proposed, and a method to support multiple discovery message sizes is evaluated. The following proposals are given:

Proposal-1: The initial selection of relay UE for UE-to-Network relay discovery could be based on Model B discovery. The ProSe direct communication is preferred for the transmission of the response message with low latency. 
Proposal-2: The procedure of UE-to-Network relay reselection is needed for service continuity.  The relay reselection procedure includes making a list of candidate relay UEs, triggering solicitation message transmission, updating the relay UE candidate list, and triggering relay UE reselection.  The remotes UE will transmit solicitation messages periodically and update the candidate list of relay UEs for reselection.
Proposal-3: Cyclic shifts of the DM RS sequence could be used to indicate the discovery message size when multiple discovery message sizes are supported.
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