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1. Introduction
In RAN1 #76 meeting, resource allocation mechanism was discussed and the following working assumption was given [1]:

Working Assumption:
· For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content

· For Mode 2

· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated

· FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data 

· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment

In this contribution, we first analyze the relationship between resource pool for control signaling and data transmission, and propose to separate resource pool for control signaling and data transmission. Moreover, we investigate the resource contention mechanism in mode 2. 
2. Discussion
2.1. Resource pool between control and data channel

In general, there are two options for resource pool between control signaling and data: the joint manner and the separate manner. In joint manner, control signaling and data share the same resource pool. Rx UEs don’t know the exact resource of control signaling, and then it need monitor control signaling across the whole resource pool. This will increase the detection complexity and energy consumption of UE. 
In separate manner, however, the control signaling and data are configured with separate resource pool, and they are separated in time-domain (in different subframes), as shown in Figure 1. Rx UEs need only periodically monitor control signaling in control subframes, and then detect data in data subframes according to the indication of control signaling. If no control signaling is detected in control subframes, the UE may simply skip the reception of the data subframes. This manner is beneficial to reduce UE detection complexity and energy consumption.  The control subframes are also used to resource contention for Tx UEs, and the contention mechanisms will be further discussed in following sections. 
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Figure 1: Separate resource pool for control and data
Proposal 1：Resource pool for control signaling shall be separated to resource pool for data in time domain. 

2.2. Resource contention mechanism in mode 2

In mode 2, the principle of “listen-before-talk” mechanism shall be stuck to in resource contention, and the general procedure is described as following:

· Step 1: When a Tx UE needs to transmit data, it shall first listen over at least a superframe period to get a set of idle data sub-channels. The idle data sub-channels can be obtained from the all the decoded control signaling in control subframes. The received control signaling indicates which data sub-channels are occupied. Alternatively, the Tx UE can also employ the energy detection mechanism in each data sub-channel to obtain idle data sub-channels.
· Step 2: The Tx UE selects one or multiple data sub-channels from the set of idle sub-channels, and the selection mechanism can be minimum energy or random selection.

· Step 3: The Tx UE transmits control signaling in control subframes to contend for the selected data sub-channel. If Tx UE detects that the data sub-channel is occupied by other Tx UE, it will go back to step 1. Otherwise, the Tx UE will transmit data in the select data sub-channel.

In the following paragraph, we will mainly discuss the resource contention methods in step 3. Before discussing the detail methods, the linkage between control and data channel shall be investigate firstly. In general, there are two options for the linkage between control and data channels:

· Option 1: Associated linkage between control and data sub-channel

A control sub-channel is constantly associated with a data sub-channel, as shown in Figure 2-a. The number data sub-channel equals that of the control sub-channel. In this option, if a Tx UE selects a certain data sub-channel, it will transmit the control signaling in the corresponding control sub-channel. Thus the Tx UE need only avoid the collision based on the energy detection in the associated control sub-channel.  
Further considered that a Tx UE need to transmit in multiple data sub-channels to support traffic type such as FTP, it can transmit control signaling in each associated control sub-channel, then energy detection in control sub-channel can still be employed to avoid collision. 
· Option 2: Separated linkage between control and data sub-channel

A control sub-channel is not associated with a certain data sub-channel, as shown in Figure 2-b. In this option, if a Tx UE selects a certain data sub-channel, it can transmit the control signaling in a random selected control sub-channel, thus the Tx UE need avoid collisions in both control and data sub-channel. The Tx UE need first avoid the collision in control sub-channels,e.g. CSMA/CA,  and then avoid collision of data sub-channel according to the received control signaling in all the control sub-channels, which may increase the complexity of collision avoidance.
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Figure 2: Linkage between control and data sub-channel
Base on the above analysis, we prefer to adopt option 1 that a control sub-channel is constantly associated with a certain data sub-channel. By this way, it only needs to consider collision avoidance of data sub-channels. 
Proposal 2:   A control sub-channel shall be constantly associated with a data sub-channel.
For resource contention methods, there are three options discussed in following:

· Option 1: Persistent occupied mechanism
In this option, a Tx UE selects a sub-channel, and persistently occupies the sub-channel until end of the traffic. This is similar to TERRA system. This mechanism is suitable for VoIP traffic, but may be not effective for other traffic types such as FTP.  
· Option 2: CSMA/CA-like mechanism
In this option, if a Tx UE wants to transmit the control signaling in a selected control sub-channel, it shall generate a random backoff period within a contention window. Then the Tx UE shall continuously monitor the sub-channel before transmission. If the Tx UE finds that the control sub-channel has been free for longer the backoff period, then it transmits control signaling in the selected control sub-channel. If two Tx UEs contend in same contention window with unluckily the same backoff period, the two Tx UEs will collide in this control/data sub-channel. 
· Option 3: On/off pattern transmission mechanism[2]
In this option, a Tx UE transmits the control signaling with a random on/off pattern in a contention window, that means the Tx UE transmit control signaling in “on” subframe and keep silence and listening  in “off” subframe. 

When two UEs select same control sub-channel, the two Tx UEs can avoid collision by “early-stop” mechanism through energy detection in control sub-channel if the on/off patterns of two UEs are not fully overlapped. The two Tx UEs will collide in this control/data sub-channel due to fullly overlapped on/off pattern. Both cases are shown in Figure 3.. 
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Figure 3: On/off pattern transmission mechanism
The collision probability of option 2 and option 3 methods are evaluated by a preliminary simulation with only 1 control sub-channel. The simulation assumptions are as following:
· Contention window size: 4 or 6 subframes

· Retransmission number in a contention window: 

· If contention window size is 4 subframes: 
2

· If contention window size is 6 subframes: 
3
· Number of UEs contending in a contention window: 
2~10
The simulation results are shown in Figure 4. It can be observed that on/off pattern transmission shows lower collision probability than CSMA/CA-like mechanism.

Observation 1: ON/OFF pattern transmission mechanism shows lower collision probability than that of CSMA/CA-like mechanism.  
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Figure 4: Simulation results for resource contention methods Option2 and Option 3
3. Conclusion 

In this contribution, we discuss resource pool for control signalling and data transmission, and resource contention mechanism in mode 2. Particularly, we have the following proposals and observation: 
Proposal 1：Resource pool for control signaling shall be separated to resource pool for data in time domain. 

Proposal 2:   A control sub-channel shall be constantly associated with a data sub-channel.

Observation 1: ON/OFF pattern transmission mechanism shows lower collision probability than that of CSMA/CA-like mechanism.   
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