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1
Introduction
The study report on radio aspects for D2D proximity services is provided in [1]. In particular, it includes the following working assumptions on resource allocation for D2D synchronization:
From a transmitting UE’s perspective, a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or Release-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

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 1: 

· The location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB. 

· The location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB.

· 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.
Working assumption: When transmitting UEs are out-of-coverage, the resources used for D2D broadcast data are selected from a resource pool. 

· The resource pool can be pre-configured, or semi-statically configured.
If the resource pool is semi-statically configured, the method of semi-statically configuring the resource pool is FFS.
Based on the agreements, we discuss the collision problem in mode 2 resource allocation and investigate possible design approaches to resolve the problem.
2   Collision Problem in Contention-based Multiple Access
Contention-based multiple access in Mode 2 resource allocation causes collision because multiple UEs select the same resources at the same time. The collision may be more critical when available resources are small and TX UEs are many. In this section, we discuss the collision problem.

For the simplicity of exposition, we first define the following terminologies:
Terminology for this contribution
· TX UE (Transmitting UE): A D2D UE transmitting broadcast data 

· RX UE (Receiving UE): A D2D UE receiving broadcast data 

2.1
Study on contention-based multiple access schemes
Collision of packets may occur when multiple transmitters select a resource from shared resources without central coordination. Signals transmitted from closed TX UEs may not be detected to RX UEs while the TX UEs do not know the collision situation. Therefore for a contention-based multiple access, proper collision detection and avoidance schemes should be considered. Some schemes such as slotted ALOHA mitigate collision probability by giving randomness to transmission attempts. However throughput of slotted ALOHA is not sufficiently high and is degraded significantly as traffic load goes high.
Collision avoidance protocol is based on “listen before talk” and requires operation of sensing other nodes’ transmission implicitly or explicitly. If the duration to listen is infinitesimal, there is no collision. However the real system needs the finite sensing time and thus collision cannot be avoided. 
To avoid the collision and give fairness to transmission nodes in “listen before talk” protocol, back-off mechanism has been used widely. The back-off mechanism can be considered as an implicit coordination because it uses internal back-off counter without explicit signaling. In this scheme, a node starts back-off operation when it senses “channel idle”. The node sets the initial back-off counter value and decreases the value linearly per back-off time unit. On the other hand, when the node senses “channel busy”, decreasing back-off counter is deferred. One of popular back-off algorithms in “listen before talk” is a CSMA-CA (Carrier-Sensing Multiple Access - Collision Avoidance) scheme. The performance of CSMA-CA depends on the sensing duration and back-off time unit. Delay-sensitive traffic is not easily supported by CSMA-CA due to the high latency from back-off mechanism. Furthermore, CSMA-CA does not solve the hidden node problem.
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Figure 1: Hidden node problem
Observation 1: CSMA-CA is one of implicit collision avoidance scheme which has been widely used. Delay-sensitive traffic and hidden node problem are not easily supported.
To resolve hidden node problem, MACAW (Multiple Access with Collision Avoidance for Wireless) has been widely used in ad-hoc networks. MACAW protocol has a frame sequence of RTS-CTS-DS-DATA-ACK. The Wi-Fi RTS/CTS mechanism is adopted from this protocol. The operation of each frame is described as follows:
RTS (Request-To-Send): Any node overhearing a RTS refrains from sending anything until a CTS is received.  
CTS (Clear-To-Send): Any node overhearing a CTS refrains from sending anything for the time until the data frame and ACK should have been received. So hidden node problem is resolved.
Both the RTS and CTS frames contain information about the length of the DATA frame. Hence a node uses that information to estimate the time for the data transmission completion.

DS (Data-Sending): Before sending a long DATA frame, node A sends a short Data-Sending frame (DS), which provides information about the length of the DATA frame. Every node that overhears this frame knows that the RTS/CTS exchange was successful.
Data frame may be fragmented and transmitted in the duration of Data frame. ACK (Acknowledgement) is followed by DATA frame in the case of successful reception.
Even though hidden node problem is resolved by MACAW, delay-sensitive traffic is still not guaranteed. Furthermore, MACAW is not feasible for broadcast due to the fact that multiple CTSs from multiple recipients cause severe collision.
Observation 2: MACAW is one of explicit collision avoidance scheme which has been widely used to resolve hidden node problem. However delay-sensitive traffic and broadcast are not easily supported.
To avoid hidden node problem, power boosting of signaling can be considered. The range of power controlled signal to get reached to hidden node should be double to the range of normal power signal. We need more study on the impact of power boosting. The collision probability may get increased by the extended range, because the number of adjacent UEs that compete in the same resource pool is increased.

Observation 3: Power boosting is one of solutions to handle hidden node problem. However the collision probability may be increased due to higher competition within UEs visible each other.
Meanwhile, both CSMA-CA and MACAW do not provide a solution to exposed node problem. Exposed node problem happens when two transmitting nodes are in the range of each other and receiving nodes does not harm each other.
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Figure 2: Exposed node problem
2.2
Consideration for low duty cycling
Low power consumption is a key technical issue in wireless ad-hoc or sensor network. Generally, low duty cycling is considered as a possible way to provide low power consumption. As shown in Figure 3, a cycle comprises an active and idle period, where carrier sensing is only enabled during the active period but disabled during the idle period for power saving. The time synchronization within devices should be supported to guarantee signal transmission and reception during active period. For power saving, it is preferred for time duration of active period to be short as much as possible. However, the short active period may impact to performance because it is not sufficient to avoid collisions by utilizing limited resources compared to whole utilization. Therefore, there is a tradeoff between power saving and collision probability. Back-off mechanism can mitigate collision probability at the cost of overall latency. It should be noted that delay-sensitive traffics such as VoIP has maximum latency constraint. As shown in Figure 3, the low duty cycling operation increases much latency because back-offed signal will be transmitted only in active period though.
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Figure 3: Low duty cycling operation 
Observation 4: Low power consumption may be a required feature for D2D broadcast communication. Low duty cycling is a possible solution at the cost of high collision probability.
3   Possible Approaches for Collision Avoidance
When a UE wants to transmit data, it senses the data transmissions during one active period to figure out the status of resource usage. If there is available resource(s), the UE may select one resource and directly transmits its data from the next cycle. However, the collision happens whenever multiple UEs select the same resource to transmit data.

Low duty cycling is inevitable for the power saving purpose. However TX UEs wanting to transmit data are affordable to be awake for a certain time since only relatively less TX UEs will be co-located with many RX UEs. So we study collision avoidance schemes with reduced latency under a couple of cycles as compared to basic mechanism requiring much cycles for back-off.

Proposal 1: Collision avoidance mechanism should be designed to support low latency to access if power saving feature is required.
3.1
Implicit collision avoidance scheme
Now we briefly describe a collision avoidance mechanism using back-off during idle period. The basic idea is that all UEs which want to transmit data make a back-off during the idle period, and sends a request signal in the back-offed sub-frame of the selected resource. For each TX UE, it should be in the receiving mode during the back-off time, in order to detect if any request signal is transmitted in the selected resource. If the request signal is detected, the TX UE may realize that another TX UE also intends to transmit data in the same resource, and gives up transmitting data in the selected resource to avoid collision. Otherwise, the UE transmits the request signal in the back-offed sub-frame and transmit its data from the next cycle.
An example is shown in Figure 4. During the active period of the 1st cycle in the figure, TX UE1 and TX UE2 sensed the data transmission and selected the same resource for data transmission. If TX UE1 and TX UE2 directly transmit data in the selected resource in the 2nd cycle, collision happens definitely. However, with the back-off mechanism during the idle period of the 1st cycle, TX UE1 first requests to use the selected resource, and TX UE2 gives up the selected resource. In the 2nd cycle, TX UE1 transmits its data. TX UE2 selects another resource for back-off and successfully sends a request to use it. With this mechanism, the collision probability is expected to be reduced significantly.
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Figure 4: An example of implicit collision avoidance scheme
Proposal 2: Implicit collision avoidance scheme based on back-off algorithm is preferred since it does not require separate control frame.
3.2
Explicit collision avoidance scheme
Another way to provide the low latency until resource assignment may be enabled by additional control signals in a separate control period. In Figure 5, a TX UE sends RTS signal in RTS period and a RX UE sends CTS signal in CTS period. Which TX UE is selected to be responded with CTS signal is determined by RX UE based on comparison of RTS signals from multiple TX UEs. Criteria to compare RTS signals may be a random value in RTS signal. Data collision is avoided effectively since a TX UE is selected by RX UEs at the cost of control overheads. However, collision within RTS/CTS signal still exists even though the collision probability is reduced by frequency multiplexing compared to conventional RTS-CTS schemes.
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Figure 5: An example of explicit collision avoidance scheme
Proposal 3: Explicit collision avoidance scheme based on RTS and CTS needs further study in control overheads and performance perspectives. 
4   Conclusion
Based on the discussion, we have the following observations and proposals:
Observations: 
· CSMA-CA is one of implicit collision avoidance scheme which has been widely used. Delay-sensitive traffic and hidden node problem are not easily supported.
· MACAW is one of explicit collision avoidance scheme which has been widely used to resolve hidden node problem. However delay-sensitive traffic and broadcast are not easily supported.

· Power boosting is one of solutions to handle hidden node problem. However the collision probability may be increased due to higher competition within UEs visible each other.

· Low power consumption may be a required feature for D2D broadcast communication. Low duty cycling is a possible solution at the cost of high collision probability.

Proposal 1: 
Collision avoidance mechanism should be designed to support low latency to access if power saving feature is required.
Proposal 2: 
Implicit collision avoidance scheme based on back-off algorithm is preferred since it does not require separate control frame.
Proposal 3: 
Explicit collision avoidance scheme based on RTS and CTS needs more study in control overheads and performance perspectives. 
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