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1 Introduction

Up to RAN1#77 meeting, following agreements and working assumptions have been made regarding Type 1 discovery resource allocation [1][2]. 
Agreements:
· Periodic uplink resources are allocated for discovery in a semi-static manner
· UEs transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
Working assumptions: 
· Resources allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.
· Further to the baseline random selection of a discovery resource agreed to above, the following FFS options can be further studied: 
· Repetition (either contiguous or non-contiguous) of transmission of a given MAC PDU by a UE within a discovery period is FFS. If supported: 

· FFS between:

· The UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· The UE performs random selection for each discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU.

· The maximum number of repeated transmissions is FFS.

· A UE’s transmission on a discovery resource (or on a set of discovery resources if repetition is supported) can be based on:

· Option 1: Transmitting UE’s transmission period and offset.

· Option 2: Fixed or adaptive transmission probability derived from a pre-configured/configured nominal transmission probability.

· Others.

· The study can include the number of discovered UEs and latency as metrics.

Working assumption:
· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given PAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.
· FFS: Receiver behaviour
In this contribution, we discuss the above FFS items on the maximum number of repeated discovery transmissions, how the repeated discovery resources are deterministically associated with the first discovery resource and provide our proposals to achieve efficient device discovery.
2 Discussion
According to the latest WA that D2D-UEs are to randomly select the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU and subsequent discovery resources for repeated transmissions are deterministically associated, it implies that for each discovery resource (as long as it is not the last subframe of the Discovery pool) there would be an associated discovery resource that can be explicitly determined. Then, UE randomly selecting the first discovery resource is equivalent to randomly selecting “a set of discovery resources” that can be used for the first and repeated transmissions as depicted in Figure 1. Under such resource selection scheme, it is possible for two or more UEs to select the same set of discovery resources and resulting in persistent transmission collisions between the UEs.
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Figure 1: Random selection of 1st discovery resources = Random selection of a set of discovery resources
To this end, there should be a mechanism for UE to select the first transmission instant in order to avoid all UEs who have randomly selected the same set of discovery resources from transmitting at the first available instance. Obviously, if all UEs start to transmit from the same discovery resource within the set and carry on to transmit the repetitions in the subsequent resources in a contiguous fashion; none of the UEs will be able to receive each other’s discovery messages and furthermore this will degrades decoding probability for the receiving UEs. Thus, it is important to distribute discovery transmissions within the randomly selected set of discovery resources and to allow a mixture of contiguous and non-contiguous repetitions from different UEs.
One simple proposal may include:

· Network configuring the number of repetitions or total number of transmissions for one discovery MAC PDU within a discovery pool. In this contribution assuming it is the total number of transmissions, denoted by (Dtotal).
· UE randomly selecting the gap between each contiguous transmission Dcontiguous (a.k.a contiguous transmission or reception length within a set of discovery resources) from a set of configured/pre-configured values, e.g. {1, 2, 3, 4 contiguous discovery resources in time domain}. To limit the decoding complexity at the receiving UE, combinations of Dtotal and Dcontiguous can be limited. For example, the following is a set of possible combinations that can be either fixed in the spec or RRC configured as illustrated in Figure 2:
· When Dtotal = 2, Dcontiguous = {1,2}

· When Dtotal = 3, Dcontiguous = {1,3}

· When Dtotal = 4, Dcontiguous = {1,2,4}

· UE randomly selecting to start the discovery process by transmitting a discovery MAC PDU (or listen to others transmissions) with a probability of 0.5.
· If selected to transmit: 

· Start discovery message transmission from the first discovery resource within the selected set for Dcontiguous times/subframes. 

· Then, listen to others signals (Rx) for the same length, Dcontiguous.

· Alternate between transmission and reception until Dtotal.

· If selected to listen:

· Listen to others (Rx) for Dcontiguous number of times/subframes and start transmitting its own discovery signal for next Dcontiguous number of times/subframes.
· Alternate between reception and transmission until Dtotal.
Figure 2 illustrates the above described discovery mechanism within randomly selected discovery resources set for different values of Dtotal and Dcontiguous.
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Figure 2: Proposed repeated discovery message transmission mechanism
As shown in Figure 2, for a given size of discovery resource set and network configured total number of discovery transmission (including repetitions) for one MAC PDU, there can be number of possible transmit and receive (Tx-Rx) patterns that a transmitting UE can choose from to avoid persistent collisions between UEs who have selected the same set of discovery resources, and thus allowing them to be able to listen/receive each other’s discovery messages. This would in turn improve the decoding probability at the receiving UEs. Furthermore, when comparing to the scheme where all UEs simply transmit from the same discovery resource and carry on to transmit the repetitions in the subsequent resources in a contiguous fashion within the set (persistent collisions), the proposed mechanism allows a small number of fixed patterns that a receiving UE needs to monitor. 
As can be seen from Figure 2, the proposed method distributes the discovery message transmissions across a randomly selected discovery resource set while allowing a mix of contiguous and non-contiguous repeated transmissions. 

Proposal 1: There should be gaps between discovery message transmissions of the same MAC PDU to allow transmitting UEs to be able to listen/receive discovery MAC PDUs from other UEs who also randomly selected the same set of discovery resources.
Proposal 2: To allow a fixed number of possible Tx-Rx patterns and hence reduce receiving UE complexity, the Tx-Rx patterns shown in Figure 2 should be adopted with network configuring the total number of transmissions for one MAC PDU within a discovery pool.
3 Conclusion

In this contribution we discussed the open issues in resource allocation for Type 1 discovery and presented our proposals as below.
Proposal 1: There should be gaps between discovery message transmissions of the same MAC PDU to allow transmitting UEs to be able to listen/receive discovery MAC PDUs from other UEs who also randomly selected the same set of discovery resources.
Proposal 2: To allow a fixed number of possible Tx-Rx patterns and hence reduce receiving UE complexity, the Tx-Rx patterns shown in Figure 2 should be adopted with network configuring the total number of transmissions for one MAC PDU within a discovery pool.
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