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1 Introduction

In the previous meeting (RAN1 #76), two modes were defined for D2D communication resource allocation [1].
Agreements:

· From a transmitting UE perspective a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

· FFS: Definition of out-of-coverage, edge-of-coverage, in-coverage

Agreement:

· For example, definition of coverage areas is at least based on DL received power
In this contribution, mode 2 resource allocation will be discussed. Some principles and the basic procedure for mode 2 UE will be provided. Note however that defining a contention based channel for data transmission is something new for 3GPP, and will require addressing a lot of issues never discussed before. In order to facilitate this discussion, we discuss general design considerations that should be agreed first. The details of the contention channel design will then be addressed in a second stage at the next meeting.
2 Discussion
In this section, we discuss the general principles and basic procedure for mode 2 UE behavior, while leaving out the study of the details for the next meeting.
For mode 2, three high-level steps can be defined: sensing, contention and transmission. Additional steps will also need to be defined later, for instance announcement, exchange of encryption keys, synchronization of the two UEs. These additional steps are needed to make sure that the performance of mode 2 is acceptable, and will be described in a future contribution.

Another key aspect to be discussed is that for edge-of-cell coverage, there is a zone where there might be cellular transmission and contention-based transmission coexisting on the same channel. Robust mechanisms to ensure that the interference due to contention-based transmission over cellular signals will need to be defined in order to make sure that cellular capacity is not affected by D2D operations. This aspect will need to be addressed once the edge-of-coverage zone has been defined.
2.1 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. For example, they may perform some energy detection. Through sensing, UEs can know which resources are already occupied by other UEs and which resources are vacant. Only the vacant resources can be selected for direct transmission. The sensing process has to consider that existing cellular transmissions may happen:

· There could be some DL transmissions during the sensing period if the system is TDD. The sensing protocol needs to make sure that sensing occurs only on the UL subframes, and will need to take into account the fact that there could be dynamic retransmission. Note that this affects UEs that are out-of-coverage since the DL signals are typically transmitted at higher power than the UL signals.
· There could be RACH transmissions that the out-of-coverage UEs may receive from the UEs at the fringe of the cell. The sensing protocol needs to be able to differentiate between RACH signals and D2D signals.

A period as shown in Figure 1 should be defined for Mode 2 UE to sense within the period, and should avoid the possible cellular signals that may be received by the out-of-coverage UE, as described above. In Figure 1, besides the subframes occupied by UE A and UE B, other resources within the period can be regarded as available. For edge-of-cell UEs, the period can be configured by eNB. For the scenario of out-of-coverage, the period can be predefined. In addition, the sensing duration has to be defined. If there is need to broadcast for those UEs operating on mode 2 with traffic, they can sense during the period.
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Figure 1. Mode 2 resource allocation and sensing
2.2 Contention
After sensing, UEs can estimate the set of available resources in the current period. They can randomly select some resources from the available resources set. The amount of resources also needs to be configured by eNB for edge-of-cell coverage or predefined when out-of-coverage. 
One significant 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. The problem is even more acute for edge-of-cell coverage since there could be cellular transmissions scheduled by the eNB as an additional source of interference.

If two or more UEs select the same resource, a collision happens, and at least one of the transmitted signals will be lost. The transmitting UE 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. Most likely, the UEs will have to over-provision, and select more resources than needed in order to make sure that the transmission is completed successfully, thus reducing the spectral efficiency. If only one UE selects the specific resource, then it can obtain the resource and there will be no collision. Note however that there is still no guarantee that the transmission will succeed, as there can be other problems, such as the hidden node problem
2.3 Transmission
If the UE has obtained some available resources, the UE can transmit in those resources in every period for a given duration of time. The maximum duration of time will have to be standardized. During the transmission, other UEs performing sensing will not get the channel. When the UE stops transmitting in one period, it releases the channel, and the resource will be available for other UEs, that can try to obtain as previously described.

Based on the above discussion, we have the following proposals:

Proposal 1: For a mode 2 UE, at least when out-of-coverage, three steps need to be defined in a first stage: sensing, contention, and transmission

· Details of each step FFS, and needs to take into account the cellular transmission

· Other steps such as announcement will need to be defined in a second phase

Proposal 2: at least two parameters need to be defined and chosen to optimize D2D performance while minimizing the impact on cellular system:

· Sensing period

· D2D communication resource size.

3 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: For a mode 2 UE, at least when out-of-coverage, three steps need to be defined in a first stage: sensing, contention, and transmission

· Details of each step FFS, and needs to take into account the cellular transmission

· Other steps such as announcement will need to be defined in a second phase

Proposal 2: at least two parameters need to be defined and chosen to optimize D2D performance while minimizing the impact on cellular system:

· Sensing period

· D2D communication resource size.
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