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Introduction
Resource allocation is a key aspect in D2D communication related discussion. How the resource allocation is informed to D2D UE depends on the application scenario, network layout and the control mechanism. Before a clear agreement is made on the network layout and control mechanism, there can be many choices of resource allocations. Hence in this paper, we list a few possible solutions with some discussions. 
Scenario and layout
The resource allocation of D2D communication is directly determined by the control mechanism in D2D network, i.e., who is responsible for the scheduling. When there is a master node, resources of D2D communication can all be managed by the master node, and the scheduling can be carried out based on the requirement of D2D UE. When there is no master node, all D2D UEs have the same level of authorization, therefore need to compete the resources.
Master node scenarios include within network coverage scenario where eNB is the master node, and no network coverage scenario where cluster head serves as the master node, as Fig. 1 shows where black dash lines denote D2D control signal, and red solid line for D2D data signal。
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Figure 1 Resources of D2D communication scheduled by eNB or cluster head
When there is no master head, D2D UEs form an ad-hoc network through discovery of each other, and compete for the resources as Fig. 2 shows. 
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Figure 2 Resource contention based D2D communication
From the above discussion, it is seen that resource allocation of D2D communication should be D2D network layout and control scheme dependent.
Proposal 1: when there is network coverage, resources of D2D communication should be allocated by eNB. When there is no network coverage, but with cluster head, resources of D2D communication should be allocated by cluster head; When there is neither network coverage, nor the cluster head, resource contention scheme should be used.
Resource scheduling 
In the two cases mentioned above: network coverage with eNB as the master node, or without network coverage, but with cluster head as the master node, the advantage of using master node is obvious [1-9]. On one hand, the design of LTE/LTE-A can be maximally reused. Further, resource scheduling can be centralized which facilitates the efficient  coordination of interference and resource reuse.
The scheduling can be centralized or semi-centralized. In centralized scheduling, resource allocation and the related control are all managed by eNB or cluster head. D2D UE may provide certain feedback, for example measurement. The example procedure is illustrated in [5-6]. In semi-centralized scheduling, eNB or cluster head is only responsible for the resource or resource pool allocation. D2D UE has certain autonomy to control the D2D transmission, for example, to decide on MCS based on the measurement of D2D channel.
1.1. Centralized Scheduling
With centralized scheduling, the legacy resource allocation schemes in LTE can be largely borrowed. Therefore, the standard impact is the smallest.  Take eNB to be the master node as an example, the procedures involved in centralized scheduling are: 1) UE asks eNB for resources of D2D communication; 2) eNB indicates the resources for D2D communication, based on the UE request in Step 1; 3) UE transmits the D2D communication data in the resources allocated by eNB. The steps are all similar to that of LTE cellular communication, with the only difference in the detailed methods of signaling indication.
In the step of resource request, D2D UE can send the request via scheduling request (SR) signal. The issue is how eNB would know whether the request is for D2D resource or for cellular communication. Hence, a mechanism is needed to differentiate the attribute of the SR.

In the step of resource indication, eNB indicates the resources of D2D communication via physical channel channels. If DCI of PDCCH/ePDCCH is used, similar problem exists: how to differentiate whether the DCI is for D2D communication or for cellular communication. Possible solutions can be found in a companion contribution [10].
Tight control is one of the advantages of master node based resource allocation. Such allocation strategy requires certain measurement and feedback. For D2D unicast, D2D link measurement is carried out between UEs of the same pair. For D2D group cast or broadcast, it would be difficult to perform effective measurement, since 1) there would be a large number of receive UEs; 2) D2D discovery is not required. Therefore, the scheduling by eNB would not rely on the measurement feedback for D2D link.
Another factor is the control overhead. To make centralized scheduling more effective, the master node needs to send control information to each UE. And each UE needs to feed back the measurement. All these contribute to the control overhead. There is a trade-off between the resource utilization and control overhead. 

1.2. Semi-centralized Scheduling
Compared to the centralized scheduling, semi-centralized scheduling refers to a two-stage scheduling where the master node semi-statically allocates the resources pool for D2D UE pair or group, and the primary UE in the UE pair or group further decides on further control information such as the actual resources, MCS [11], power control, etc., as illustrated in Fig. 3
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Figure 3 Semi-centralized scheduling with UE groups
Semi-centralized scheduling breaks up the task of master node into two sub-tasks, responsible jointly by master node and the primary UE. The first task is achieved by higher layer signaling in semi-static fashion, while the second task is accomplished by physical control channel in real-time manner. Semi-centralized scheduling can significantly reduce the control overhead and the scheduling delay.
Semi-centralized scheduling has its use case in scenarios such as D2D group communication, network-to-relay, etc. Note that for semi-centralized scheduling, new control channel format may be needed and the details can be found in [10].

Proposal 2: UE-UE direct control channel is needed in order to achieve centralized or semi-centralized scheduling.
Broadcast Resource Allocation
The resource allocation of D2D broadcast communication can also be scheduled or contention based [11]. In the case of scheduled resource, as there is no connection to be created between the transmit UE and multiple receive UEs, no measurement feedback is provided to facilitate the resource scheduling. The master node can only rely on the resource request from the transmit UE, or the report by the transmit UE itself, to schedule the resource. In the case of contention based resource scheduling, virtually all D2D UEs can get the resources. The contention based solutions should support different priority class for different services.
Broadcast D2D is different from unicast D2D or group cast D2D in the sense that all authorized D2D UEs are able to decode the broadcast message. Hence, the resources of broadcast D2D are for all UEs, except those that are transmitting. More specifically, broadcast resources should be the common resources for reception, at the granularity of subframe. Broadcast service is transmitted only in those broadcast subframes. This way of resource allocation is preferable since it simplifies the design of D2D broadcast channel.
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Figure 4  Broadcast subframes
As Fig. 4 shows, SF#2, SF#6 in radio frame #n and SF#0, SF#4 in radio frame #n+1 are allocated as broadcast subframe in which all the reception UEs should listen to other UEs’ broadcast messages. Also shown are UE A and UE B that are engaging in D2D unicast communication. UE A transmits data to UE B in SF#1 of radio frame #n and in SF#3 of radio frame #n+1. UE B transmits data to UE A in SF#5 of radio frame #n. UE A and UE B switch to reception when they are not transmitting.
In addition, UE A and UE B would transmit broadcast messages in SF#6 of radio frame #n and in SF#0 of radio frame #n+1, respectively. UE C would transmit in SF#2 and SF#6 of radio frame #n. Here we assume that due to the channel conditions, UE A and UE B can hear each other. UE B and UE C can hear each other. However, UE A and UE C cannot hear each other.  
Apart from the resource allocation for the transmit UE, receiver side process should also be considered. Such resource information can be through broadcast control channel, or pre-defined as a resource pool. When the allocation is indicated by control channel, D2D UEs can accurately know the resource information and the detection has a clear target. When the resource is not indicated, the receiver should resort to blind decodes and search over a relatively wider space. 
Proposal 4: Resource allocation of D2D broadcast can be scheduled or contention based. 
Simulation
Table 1 lists the outage probabilities of VoIP traffic carried on D2D broadcast. Two transmit powers are considered. And two resource scheduling approaches are compared. As there are 3 UEs per sector and VoIP itself represents “light” traffic. The performance between 

Table 1 Outage probability of VoIP traffic broadcasting
	
	VoIP

	
	23 dBm
	31 dBm

	Scheduling based
	0.8698
	0.8171

	Contention based
	0.8696
	0.8111


Conclusions

Resource allocation of D2D communication was discussed in this paper, under different network layout and control strategies that includes scheduled and contention based schemes. Pros and cons were analyzed. We propose: 
Proposal 1: when there is network coverage, resources of D2D communication should be allocated by eNB. When there is no network coverage, but with cluster head, resources of D2D communication should be allocated by cluster head; When there is neither network coverage, nor the cluster head, resource contention scheme should be used.

Proposal 2: UE-UE direct control channel is needed in order to achieve centralized or semi-centralized scheduling.
Proposal 3: D2D broadcast resource allocation should use scheduling or contention scheme 
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Appendix: Simulation parameters
	Parameter
	Assumption/Value

	Network layout
	Option 5, hotspot

	Inter-site distance (ISD)
	1732 m

	Outdoor to outdoor pathloss
	1. O2O pathloss uses Winner+ B1 pathloss (PL_B1) with:

a. h_BS = h_MS = 1.5m

b. h_BS’ = h_MS’ = 0.8m

c. LOS offset = 0 dB

d. NLOS offset = -5 dB (used to reduce pathloss)

2. Total O2O pathloss is given by PL_B1_tot = max(PLfreespace, PL_B1)

	Outdoor to indoor pathloss
	a. LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS

	Indoor to indoor pathloss
	InH (Table A.2.1.1.5-1 in 36.814) 

	LOS Probability
	Outdoor to outdoor
	Winner II-B1

	
	Outdoor to indoor
	ITU-R IMT UMi

	
	Indoor to indoor
	ITU-R IMT UMi for InH

	Shadowing
	Outdoor to outdoor
	7 dB log-normal

	
	Outdoor to indoor
	7 dB log-normal

	
	Indoor to indoor
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	Penetration loss
	Outdoor to outdoor
	0dB

	
	Outdoor to indoor
	20dB

	
	Indoor to indoor
	In the same building: 0dB
In the different buildings: 40dB

	Fast fading
	Refer to R1-133909

	Carrier frequency
	700M Hz

	Bandwidth
	10 MHz 

	Dropping
	Refer to R1-133909

	Antenna configuration
	1TX, 2Rx

	Traffic model
	VoIP

	MCS
	QPSK,  code rate =  0.5879

	Numbers of retransmission 
	3 

	Association for Broadcast
	If the RSRP is greater than -112dBm for a transmitter then associate the UE with the transmitter.

	Mini. distance between UE and Macro
	35 m

	Minimum distance between UEs
	3 m

	UE power class
	23 dBm, 31dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB


_1441832162.vsd

_1441832163.vsd
�

Group A


Group B


D2D Communication resource


Group A： UE c


Group A： UE s


Group B： UE m


Group B： UE t



_1441832164.vsd
�

�

�

Frame n+1


UE A


�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Broadcast subframe


�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

UE B


�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Broadcast Transmitting


UE C


�

Transmitting subframe


�

Receiving subframe


�

Frame n


�

�

�

�

�

�

�

�

�


_1441832161.vsd

