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1
Introduction
This contribution discusses about resource allocation for D2D communication and proposes high level design principles. The main issue currently in RAN1 and RAN2 is to decide on whether distributed or centralized resource allocation is adopted. RAN1#75 concluded the following for the resource allocation:
	Working Assumption:

· When transmitting UEs are out of network coverage, the resources used for D2D broadcast traffic are selected from a resource pool 

· The resource pool can be preconfigured, or semi-statically configured

· The details are FFS on how the resource is selected from the pool

· If the resource pool is semi-statically configured, the method of semi-statically configuring the resource pool is FFS

· Note that the criterion for “out of coverage” for the purpose of this UE behaviour would need to be defined. 

Agreed Way Forward: 

· Evaluate further until RAN1#76 whether the selection is done by each transmitting UE and/or by a central node, including modelling of contention and time delay between sensing and transmission. 

…

Further details: 

· The selection from the pool is done by:

· Alt 1: as a baseline, each transmitting UE (a hybrid scheme where the selection may be done by a central device is not currently precluded – FFS)

· Alt 2: a central device


Discussion hereafter considers only out of coverage D2D communication for public safety UEs.
2
Discussion
2.1
Design framework
In the following table we gather together conditions, requirements and constraints that apply for D2D communication in our understanding, at least in Rel12, together with impacts onto design of D2D communication:

Table 1 Design boundary conditions and projected impact onto design

	Requirement, constraint or condition
	Impact onto design

	Voice is the main service [1]
	Small bandwidth per individual physical layer transmission of a VoIP packet

	Link budget requirement ~130-135 dB
	Multiple retransmissions needed for instance for a physical layer transmission of a VoIP packet
· Time and/or frequency diversity schemes may be needed (hopping)

	The overall system bandwidth is relatively large compared to a bandwidth required for an individual physical layer transmission of a VoIP packet [2]
· 10 MHz system bandwidth assumed while VoIP packet may use 1-2 PRBs
	A physical layer transmission of a VoIP packet by one UE utilizes only a fraction of the system bandwidth at a time
· FDM could have some benefit in order to achieve efficient spectrum usage

	Only broadcast transmission mode in physical layer is supported [1]
	Fixed transmission power without power control

· No possibility for FDM because received powers would not be balanced at the receiver(s) (even when utilizing a centralized resource allocation)

	
	

	SA2 conclusions for SA2 normative work in Rel12: Distributed architecture - all UEs being equal in data traffic transmission, there is no single point of failure adopted in system architecture [3, section 8 “Conclusions”]
	Only distributed medium access control protocol to be applied


Based on above observations and inherent complexity related to cluster head/central entity selection, required association procedure to the cluster head and handover of cluster head role from one UE to another it is seen feasible not to pursue further with centralized resource allocation and with FDM but rather take distributed resource allocation with TDM as a baseline. 
Proposal 1: A distributed resource allocation scheme to be selected for D2D broadcast communication in Rel12.
2.2
On Distributed Resource Allocation
Design of distributed resource allocation is started by assuming that the given system bandwidth for D2D communication purpose is divided into fixed channels or sub-bands. One of the channels, for instance the channel in the middle of the system bandwidth, would act as a synchronization and resource reservation resource. UEs would compete for the transmission resources on that resource based on CSMA principles in general.

It’s considered that the resource allocation method to be developed should be flexible to enable and support different type of traffic envisioned in public safety applications:
1) Long range and robust voice service (priority in Rel12)

· Requires narrowband physical layer transmissions together with time and frequency diversity schemes (e.g. frequency hopped repetitions of the transport block conveying a VoIP packet)

2) Short(er) range high(er) data rate traffic for broadcast, multicast and unicast purpose

· Wideband physical layer transmissions

For the purpose of 1) the UE should be able to allocate resources for a longer resource reservation period and perform narrowband physical layer transmissions in frequency hopped manner multiple times (i.e. retransmissions) during the period. Correspondingly for the purpose of 2) the UE could allocate resources for a shorter resource reservation period and transmit a wideband transmission without any repetition. This could be useful in later releases for unicast communication for which L1/L2 feedback could be introduced to enable support for higher data rates. 
Proposal 2: Define a radio resource reservation period of which length can be variable and the allocation of the period is performed by a transmitting UE.
As any UE can initiate a transmission (due to CSMA in use) it’s considered that repetitions/retransmissions of the same physical layer transmission by one UE should be performed during one resource reservation period. That is to avoid identification of UE in physical layer and leading to significant buffering requirements and increasing overhead from channel reservation/access method if each repetition/retransmission was subject to contention.
Proposal 3: All physical layer repetitions/retransmissions of the same transport block are transmitted during one resource reservation period.
In the following figure two examples are given for above design principles in which a UE1 transmits a narrowband frequency hopped transmission with altogether five transmissions in a row in time domain and a UE2 transmits a wider bandwidth transmission with only one physical layer transmission of the transport block. 
Each transmission is preceded by a sensing period (blue) that is used a UE to sense whether resources are occupied or non-occupied. Preamble (red) part is dedicated for AGC tuning at the receiver (required length to be defined by RAN4). It’s followed by synchronization signals used for transmission detection, time and frequency synchronization and possibly indicating information how to receive the accompanied control channel. It’s to be noted that the number of synchronization signals required for certain “one-shot” detection performance is FFS. Limited amount of information about control channel could be conveyed for example using secondary D2D synchronization signal(s) (SD2DSS) and could indicate what are the control channel transmission parameters such as a number of symbols in time domain (i.e. control channel region), etc. On the other hand, restricting the number of different SD2DSS codes would enable efficient signal detection. The control channel could then carry the main part of the information about transmission parameters of the physical data channel. The information could indicate number of physical transmissions of the transport block within a reservation period, frequency hopping pattern in case of multiple transmissions, time and frequency allocation per transmission, etc.
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Figure 1 Illustration of distributed resource allocation and channel access.

3
Conclusions
In this paper, we discussed about resource allocation and propose the following: 
Proposal 1: A distributed resource allocation scheme to be selected for D2D broadcast communication in Rel12.
Proposal 2: Define a radio resource reservation period of which length can be variable and the allocation of the period is performed by a transmitting UE. 

Proposal 3: All physical layer repetitions/retransmissions of the same transport block are transmitted during one resource reservation period.
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