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1 Introduction

The WID on Enhanced LTE Device to Device Proximity Services [1] includes analysis of potential enhancements on D2D Type 1 discovery. 

In particular, in this contribution we focus on how to handle potential conflicts between resources selected for D2D discovery and D2D communication transmission. As highlighted in [2], co-existence of Type 1 discovery and D2D communication is not straightforward since it might imply collisions between discovery and communication. Such conflict is not always possible to be resolved via configuration, therefore as per Rel-12 communication is prioritized over discovery.
2 Discussion
Given the Rel-12 design, as explained in [2], time-domain conflicts between resources selected for Type 1 discovery and communication may occur. Since communication is prioritized over discovery, in case of time-domain conflict the discovery transmissions will not take place thereby penalizing discovery performance. This behaviour might have a non-negligible impact on discovery performances if we also consider that discovery occasions typically have slower time scale compared with communication.
Observation 1 As per Rel-12, if time-domain conflicts between discovery and communication resources occur, discovery performances are affected because ProSe communication is always prioritized over ProSe direct discovery.
An illustrative example of this problem is depicted in Figure 1, where some discovery MAC PDUs (including potential retransmissions) are transmitted on the SL-DCH according to a certain transmission pool that is identified by a discovery bitmap as specified in Rel-12. In the figure, a discovery MAC PDUs happens to collide with a subframe selected for control or data transmission.
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Figure 1: Time-domain conflict between Type 1 discovery and communication
This problem can be alleviated by the eNB in case of Type 2B discovery, i.e. the eNB can schedule discovery resources orthogonal to the subframe pools used for communication. Also in case of Type 1 discovery, the eNB has the possibility to arrange the discovery pools such that no resource overlap with communication occurs, by properly configuring the discovery/scheduling period and the discovery/SA offset. However the analysis in [2] indicates that only few possible configurations (e.g. setting control period and discovery period to the same value) are really possible to completely avoid resource collisions, thereby limiting configuration flexibility. 

In order to avoid this issue, in [2] it was proposed to extend the discovery period to faster time scales (i.e. {40,80,160 ms}) to mirror the communication scheduling period in order to have a larger range of values to set discovery period and communication scheduling period to the same value. However, this solution has the drawback of increasing discovery overhead and it does not seem to be motivated by any use case. 

Observation 2 Extending the discovery period to faster time scales (e.g. {40, 80, 160 ms}) has the drawback of increasing discovery overhead and is not motivated by any use case.
Alternatively, as also proposed in [2], one could introduce a new RRC parameter to allow prioritization of discovery over communication in case of time-domain conflict. However, also this solution does not seem to be enough flexible since there might be communication types of traffic for which it is not wise to statically have discovery prioritized over communication.

Observation 3 Static prioritization of discovery over communication might not be always beneficial.
In this contribution we propose another alternative to solve the issue illustrated in Figure 1. In Rel-12, for each discovery period, a UE transmits on a randomly selected discovery resource based on a transmission probability that is configured as part of each Type 1 discovery resource pool where each of the allowed transmission resource can be chosen with equal probability. Here, we propose that the random resource selection (both for transmission or retransmission) shall exclude the subframes belonging to TX pool of control and mode-2 data, similarly to what already happens in Rel-12 in case of collision with PRACH or other SL-DCH transmission resources.

Proposal 1 In Type 1 discovery, the UE shall exclude subframes overlapping in the time-domain with PSCCH or PSSCH TX pool resources when selecting radio resources from the discovery pool.

The specification impact of the above proposal seems minimal. In TS 36.321, the resource selection behaviour can be changed as follow:

if p1 is less than tx-Probability:

-
select a random resource from the pool of resources (excluding any resources which are overlapping with PRACH or resources belonging to the subframes of resources already selected for transmissions on SL-DCH and subframes of resources configured for SL-SCH in this discovery period), where the random function shall be such that each of the allowed selections (see subclause 14.3.1 of [2]) can be chosen with equal probability;
In case not enough resources are available in the discovery resource pool to solve the collision with control/data resources, the Rel-12 “best-effort” solution can be still adopted. Nevertheless, we deem that the above Proposal 1 limits in most cases the impact on discovery performances when collision with control/data resources would occur without affecting Rel-12 communication performances.
Observation 4 Proposal 1 limits the impact of discovery and communication collision on discovery performances without affecting Rel-12 communication.

In order to avoid backwards compatibility issues, the network has to signal whether UE needs to apply Rel-12 or Rel-13 behaviour proposed in Proposal 1.
Proposal 2 Network signals whether UE applies Rel-12 or Rel-13 behaviour proposed in Proposal 1.
3 Conclusion

In this paper we have addressed the issue of colliding transmission resources between ProSe discovery and ProSe communication.

Based on the discussion in section 2 we propose the following:
Proposal 1
In Type 1 discovery, the UE shall exclude subframes overlapping in the time-domain with PSCCH or PSSCH TX pool resources when selecting radio resources from the discovery pool.
Proposal 2
Network signals whether UE applies Rel-12 or Rel-13 behaviour proposed in Proposal 1.
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