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1 Introduction
This contribution discusses the following items left FFS at RAN1 #74: 

· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

There are two possibilities for D2D resource allocation:

· Scheme 1: contention-based resource allocation: the devices contend for resources for D2D transmission.

· Scheme 2: scheduling-based resource allocation: the network (eNB as master controller for in-network scenarios, and a group master for out-of-network scenarios) allocates resources for the D2D link.

In this contribution, these resource allocation schemes are analyzed. The analysis shows the scheduling-based scheme provides deployment advantages over the contention-based resource allocation. We thus suggest using the eNB as master controller for in-network scenarios, and a group master for out-of-network scenarios. Then, we propose a scheduling-based resource allocation that has the advantage of low scheduling overhead in addition to providing a common design for under the in-network coverage and out-of-network coverage. We also discuss resource allocation between cellular and D2D communications. The following agreements made at RAN1 #74bis are relevant:
· TDM can be used for multiplexing D2D signal and cellular signal from individual UE perspective (at least within one carrier), including a mechanism for handling/avoiding collisions (details FFS)

· Study further the possibility to use FDM for D2D and cellular signals, including how to handle the near-far effect in case of FDM, and impact on waveform.

· Take into account both UE and system aspects 

2 Contention-based vs. scheduling-based resource allocation
2.1 In-network coverage

2.1.1 Contention-based scheme

An advantage of such a contention-based scheme is no scheduling overhead. In addition, the same scheme can be applied as the number of UEs increases. However, resource collision among transmitting D2D UEs can degrade the SINR at a particular device. Thus, a collision management scheme is needed (similar to 802.11 peer-to-peer transmission mode). In addition, contention-based schemes may lead to a large delay in delay-sensitive applications like voice. Reference [3] shows that the throughput associated with a contention-based scheme, compared to a scheduling-based scheme, deteriorates significantly as the number of transmitters increases. 

2.1.2 Scheduling-based scheme

Given that the eNB has more information than a UE, minimizing interference (consequently higher throughput and better QoS control) is much easier than scheme 1. In addition, this scheme requires minimal standard changes for both RAN1 and RAN2. Note that a scheduling-based scheme introduces some overhead, which can be reduced by semi-persistent scheduling. Considering the advantages of the scheduling-based scheme, we propose:
Proposal 1: For in-network coverage, the resource allocation is managed by the network (eNB).

2.2 Out-of-network coverage

2.2.1 Contention-based scheme

In this type of resource assignment, UEs listen all the time. When a UE wants to transmit data, it sends a signal in an asynchronous manner. The UE receiving this signal then sends a message to indicate its proximity. For data transmission, a handshake process is used before actual data transmission. Conceptually, this scheme is similar to the 802.11 peer-to-peer transmission mode. Moreover, for groupcast communication, a competition process could be used before data transmission, and scheduling priority should be considered in competition process. However, in order to minimize standardization efforts, the same numerology as for LTE, or multiple of these values, should be used whenever possible. 

This scheme is a substantial shift from the traditional LTE architecture and represents a communication mode close to what can be achieved with 802.11 systems. While such a resource assignment is relatively simple to design, it would require a major standardization effort. Furthermore, its performance does not scale well when the number of UEs is relatively large (larger than 10). 

2.2.2 Scheduling-based scheme

In the scheduling-based resource assignment scheme, in-network and out-of-network cases can be treated similarly. This scheme requires minimal standard changes, at the cost of increased power consumption for the group master since when out-of-coverage, the devices need to operate in an asynchronous mode. To further simplify the group master and to ensure a fair scheduler or for emergency cases, scheduling priority could be reported to the controller. The group master can provide the minimal control information necessary to operate the direct communication link. It also provides a joint solution for in-network and out-of-network in terms of transmission parameters. In case of having multiple groups, the performance of this scheme will be improved if resources can be coordinated among group masters. 
The scheduling-based scheme provides the advantage of a common design for in-network and out-of-network; thus limits the standardization effort. Furthermore if desirable, it is scalable. Consequently, we propose the following:

Proposal 2: For out-of-network communication, one UE acts as a group master for scheduling purpose. This solution enables a common design for in-network and out-of-network communication

It is FFS if in out-of-network-coverage, the master controller can be selected via a contention-based algorithm. 

We have summarized the benefits of contention-based and scheduling-based schemes in Table 1.
Table 1. Contention-based and scheduling-based D2D resource allocations: benefits and drawbacks

	
	Contention-based Scheme
	Scheduling-based Scheme

	Benefit
	· No scheduling overhead
	· Good performance due to interference management gain

· Common design principles for in- and out-of-network coverage

· Consistent with existing cellular communication structure, hence less standard impact

	Drawback
	· Collisions degrade performance

· Large delay in delay-sensitive applications
	· Scheduling overhead can increase with increasing number of UEs, but can be reduced with semi-persistent scheduling


3 Semi-static scheduling-based resource assignment design

Figure 1 shows a two-step semi-static resource assignment algorithm. In the first step, the eNB (or group master) configures two D2D-capable devices with a set of radio resources, such as frequency subcarriers and/or time slots, where the two devices can communicate with each other directly. This is a high-level configuration in the sense that the eNB neither establishes transmission parameters nor controls which packets are sent. The eNB does not send downlink control information (DCI) for each packet. In the second stage, a “fine” resource allocation, containing packet and MCS information, is sent by the devices engaged in D2D communication. 
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Figure 1: Two-step resource assignment for direct communication.

For frequency allocation, the first step can be based on the existing Semi Persistent Signaling (SPS). For the second step, a physical layer control message such as a simplified DCI is added for each block transmitted from one D2D device to the other, as shown in Figure 2. Note that the control information may be located elsewhere in the subframe [4].
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Figure 2: Direct communication packet with its DCI.

For the time allocation, one of the key aspects to address is groupcast transmission. The eNB needs to:

· Decide which subframes are allocated to this particular D2D group (Figure 3 - top)

· Within the group, decide which device is transmitting on a given subframe (Figure 3 - middle)

With this information, each device can be notified when to transmit and deduce when to receive (Figure 3 - bottom). For example, the eNB can indicate the transmission subframes using a bitmap.
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Figure 3: Subframe allocation for direct communication. Different UEs are shown by different colors.

Proposal 3: Each member of the D2D group is allocated resources by the eNB. The resources are allocated in a semi-persistent manner

4 Resource splitting between cellular and D2D links

For in-network or partial-network coverage, the eNB has two ways of allocating resources between cellular and D2D links:

· Method 1: orthogonal resource splitting. The eNB determines two sets of RBs: one for cellular UEs, one for D2D UEs. The size of the two sets can be changed either dynamically or semi-statically

· Method 2: non-orthogonal resource splitting. There is no such separation: a given RB can be allocated to both a cellular and a D2D UE, provided that there is enough spatial separation to limit the interference

Method 1 is much simpler than method 2 because method 2 requires more information (interference measurements). On the other hand, method 2 has the potential to provide much higher system throughput, provided that interference is well managed. This is especially true if there is a large number of D2D links. Given that the high potential of method 2, we propose in the context of this SI to evaluate if the additional complexity of method 2 is justified.

Proposal 4: Compare orthogonal and non orthogonal resource splitting between cellular and D2D communication.
5 Conclusion
Our proposals are listed below:

Proposal 1: For in-network coverage, the resource allocation is managed by the network (eNB).

Proposal 2: For out-of-network communication, one UE acts as a group master for scheduling purpose. This solution enables a common design for in-network and out-of-network communication.

Proposal 3: Each member of a D2D group is allocated resources by the eNB. The resources are allocated in a semi-persistent manner.

Proposal 4: Compare orthogonal and non orthogonal resource splitting between cellular and D2D communication.
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