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1 Introduction

At RAN1#76 meeting, it was decided to standardize two modes for D2D communication resource allocation [1]. For mode 2 communication, the resources used for direct transmission are selected by UE itself from resource pool. How to select resources for a D2D UE should be considered.
In this contribution, mode 2 resource allocation will be discussed. The design of resource pool and basic procedure based on contention will be provided. 
2 Resource pool

There was a working assumption in RAN1 #76 that for mode 2 a resource pool for scheduling assignment is pre-configured and/or semi-statically allocated. For the out-of-coverage scenario, some pre-configured resource pools should be defined. Similarly for edge-of-coverage scenario, the resource pools can be semi-statically allocated. The pre-configured and/or semi-statically allocated resource pools are used for mode 2 UEs to select resources for D2D transmission. The reception pool and the transmission pool can be individually pre-configured and/or semi-statically allocated. By default, the UE would use the pre-configured resource pool, unless it receives a semi-statically allocated one. The resource pool for transmission can be group-specific, while the resource pool of reception can be the combination of multiple transmission pools. The transmission resource pools for data and control (scheduling assignment (SA)) can be different since the amount of resources needed for SA and data should be different. At least the resource pool for SA can be semi-statically configured. 
For the resource pool, we propose:

Proposal 1: Confirm the working assumption that for mode 2 a resource pool for scheduling assignment is pre-configured and/or semi-statically allocated.
Proposal 2: The reception pool and the transmission pool can also be differently pre-configured or semi-statically allocated. The transmission pool for data and control can be different.
3 Mode 2 procedure
In this section, we discuss some general principles and the basic procedure for UE behavior in mode 2. For mode 2 UE, some high-level steps can be defined: sensing, selection, announcement and transmission. Additional steps are also necessary, such as synchronization which is discussed in [4]. 
3.1 Sensing

For mode 2, each UE can select resources from a resource pool and transmit direct data and direct control information on its own selected resources. Before the UEs select resources, they sense the available resources within the resource pool, with a similar process than what is used in WiFi. For example, they may perform some energy detection. If the energy is beyond some predefined threshold, then the resource should be considered as occupied, otherwise it is available. 
Through sensing, UEs can know which resources are already occupied by other UEs and which resources are available. Only the available resources can be selected for direct transmission. 
A period as shown in Figure 1 should be defined for mode 2 UE for sensing and resource selection within. In Figure 1, besides the subframes occupied by UE A and UE B, other resources within the period can be regarded as available for other UEs. For edge-of-cell UEs, the period can be configured by eNB. For the out-of-coverage scenario, the period can be predefined. Multiple D2D communication resource units are included in a period. The size of D2D communication resource unit should be defined as discussed in [5]..
For broadcast communication, it is foreseen that multiple transmissions/retransmissions are needed. There could also be some cases that only one shot transmission happens, but it should be regarded as low probability. As will be described in section 3.4, if one UE has obtained some available resources, the UE can transmit in the same resources in every period for a given duration of time to avoid frequent sensing. Based on this proposal, the sensing results of two consecutive periods can be considered almost as the same. The sensing result in the previous period can be used for the resource selection of the next period.
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Figure 1. Period for mode 2 sensing and resource selection
3.2 Selection
After sensing, UEs can estimate the set of available resources in the current period. They can randomly select one or more resource units from the available resources set. The maximum amount of resources may need to be restricted by eNB for edge-of-coverage or predefined when out-of-coverage. If there is no association between the SA resource and data resource, UE selects resources from SA resource pool for SA transmission and separately selects resources from data resource pool for data transmission. If there is association between one SA resource and one data resource, UE may only need to select one of them for contention. If UE has obtained the resource e.g. in the data resource pool, then the associated resource in SA resource pool is also regarded obtained by the same UE.
If two or more UEs select the same resource, a collision happens. The transmitter does not know that a collision happened since there is no closed-loop feedback mechanism. Thus, guaranteeing QoS with contention-based resource allocation can be an issue. The announcement mechanism described in section 3.3 is useful to solve this issue. If only one UE selects the specific resource, then it can obtain the resource and there will be no collision. .
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Figure 2. Mode 2 resource selection
Proposal 3: At least two parameters need to be defined:

· A period for sensing and resource selection within
· The size of D2D communication resource unit
3.3 Announcement
One important problem that can occur is collisions: because two UEs may be sensing at the same time, not detecting energy during the sensing period does not guarantee that there will be no other UE transmitting at the same time. To alleviate the collision, some announcement mechanisms could be introduced [3]. As shown in [3], announcement mechanisms provide significant performance benefits for contention-based resource allocation, and should be considered for mode-2 transmission. Before a transmitter can transmit on the specific resource, it should announce the selected resource to see whether there are some other transmitters who announce the same resource. If so, it cannot use the resource for D2D transmission and should select another resource. Only if there is the transmitter itself who announces the specific resource while no other transmitters announce the same resource, it can transmit in the next period. After announcement, most of the collisions can be avoided since different UEs can only use the resources confirmed no other UE announce to use. The resource for announcement could locate in a fixed position after the period for sensing and resource selection is defined.
Due to the half duplex problem, a D2D UE cannot receive other announcements when it announces. There are two possibilities. One way is that the transmitter receives others’ announcements first. Then select resources from those which were not announced by others. The second way is that the transmitter selects a resource first. Then it compares the selected resources to others’ announcements to see whether it is announced by others. If it is, the transmitter will reselect another resource.
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Figure 3. Mode 2 resource announcement
3.4 Transmission
If the UE has obtained some available resources, the UE can transmit in the same resources in every period for a given duration of time to avoid frequent contention. The maximum duration of time will have to be standardized, e.g. 10 periods. After the maximum duration of transmission time, UE should give up the resources and the resources will be returned to the resource pool as available. During the transmission of the occupied UE, other UEs performing sensing on the specific resource will consider as occupied and will not get the channel to announce. When the UE stops transmitting in one period, it releases the channel, and the resource will be available for other UEs who can try to obtain as previously described.

In some cases, it could happen that some other UE just begin to use the announced resource or just release the occupied resource. The sensing results of two consecutive periods are not quite aligned. For those resources just released but regarded as occupied, there is a bit wasteful. For those resources just occupied but regarded as available, some collision would happen. These events are considered to be rare.
Based on the above discussion, we have the following proposals:

Proposal 4: If UE has obtained some available resources in a period, it can transmit in the same resources in the following periods.
4 Conclusion

In this contribution, we discuss the physical channel design for D2D link. Based on the above discussion, we have the following proposals:

Proposal 1: Confirm the working assumption that for mode 2 a resource pool for scheduling assignment is pre-configured and/or semi-statically allocated.
Proposal 2: Resource pool for data and control can be different. The reception pool and the transmission pool can also be differently pre-configured or semi-statically allocated.
Proposal 3: At least two parameters need to be defined:

· A period for sensing and resource selection within
· The size of D2D communication resource unit
Proposal 4: If UE has obtained some available resources in a period, it can transmit in the same resources in the following periods.
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