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1	Introduction
The following agreements were made at RAN1#76 for control of D2D communication [1]:
· Resource allocation:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources – supported in-coverage
· Mode 2: UE on its own selects resources from resource pools – at least in edge/out-of-coverage

To avoid confusing terminology, it is better to align naming convention with convention used for D2D Discovery. So here onward Mode 1 is called Type 2 (eNB scheduled resource allocation) and Mode 2 is called Type 1(UE autonomous resource selection).
In this contribution, we focus on Type 1 resource allocation for the out-of-coverage case, with a focus on VoIP traffic. Through system-level simulations, we compare the performance of the following three resource allocation schemes, whose descriptions are provided in Section 2:
1. Random resource selection
2. Energy-based resource selection
3. Genie-aided resource selection
As the main conclusion of this contribution, we propose that the random resource selection should be considered as the baseline due to its simplicity and performance close to the other schemes considered. 
2	Description of resource allocation schemes

We consider three resource allocation schemes for Type 1 as follows:
1. Random resource selection:  a transmitter that has a data packet to transmit, selects a resource uniformly at random (randomized both in time and frequency), and transmits the data packet on that resource.
2. Energy-based resource selection: total bandwidth is divided into equal sized resources called sub-channels and a transmitter selects a sub-channel for transmission periodically, say once every 500 ms. This selection of sub-channel proceeds in a sequential fashion, with each transmitter greedily selecting the sub-channel on which it receives the minimum energy. We assume a sub-channel is 2 PRBs in bandwidth. 
3. Genie-aided resource selection: this genie-aided scheme takes advantage of the cellular layout, even though there are no active base-stations. In the standard 57-sector layout, each transmitter belongs to a sector that has exactly six neighboring sectors with wrap-around. This scheme allocates 3 sub-channels to be used in each of the sectors, with the condition that adjacent sectors do not use the same sub-channel. In all, 21 sub-channels are sufficient for implementing this scheme. Transmitters within the same sector use different sub-channels. If a sector has more than 3 transmitters, then these additional transmitters reuse sub-channels with the first three transmitters in the sector, i.e., there is an intra-sector collision of occupied sub-channel though we note that usage on each occupied channel by a given transmitter is low (~ 15%). An example of a coloring of the cellular sector layout pattern where adjacent sectors have different colors is shown in Figure 1. The main idea behind the genie-aided sub-channel selection is to obtain a good spatial separation between transmitters using the same frequency sub-channels, which should help mitigate interference.
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Figure 1. Cellular layout: sector coloring example

Before we move to a quantitative simulation comparison of the proposed schemes, we qualitatively compare the schemes in Table 1.
Table 1 Qualitative comparison of schemes
	
	Random
	Energy
	Genie-aided

	Direct collision avoidance
	No
	Yes
	Yes*

	Hidden node collision avoidance 
	No
	No
	Yes*

	Interference diversity 
(across retransmissions)
	Yes
	No
	No

	Time and frequency diversity
	Yes
	Yes
	Yes


*Based on cellular lay-out
We note that the main difference between the schemes is how collisions are avoided – in energy and genie-aided schemes collision is avoided based on either direct measurements or the cellular layout whereas the random scheme relies on interference averaging across retransmissions to deal with collisions.
Observation 1: energy and genie-aided schemes rely on collision avoidance based on either direct measurements or the cellular layout whereas the random scheme relies on interference averaging across retransmissions to deal with collisions.
We note the “interference averaging” achieved by random resource selection helps it achieve performance very close (and sometimes better) than the other schemes considered.  This is shown in Section 3. 
3	Performance evaluation
In this section, we evaluate the resource allocation rules described in Section 2 with the help of system-level simulations. The simulation assumptions are given in Table 2 below: 
Table 2 Simulation assumptions
	Parameters
	Assumptions

	Layout
	Option 5 (ISD = 1732m) 
 uniform, hotspot, indoor/outdoor 

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz

	Num TX
	3/Cell  or 12/cell (in Appendix)

	Number of UEs
	32/Cell 

	TX Power
	23 dBm

	Num RX antennas
	2 

	Channel Model/ Fading
	As per [2]

	IBE Model
	W,X,Y,Z = {3,6,3,3}

	VOIP Packet Size
	44 Bytes (incl. CRC)

	VOIP Coding/Modulation
	Turbo/QPSK

	Transmission bandwidth
	2

	Number of transmissions per packet
	4

	Diversity techniques
	Time and Frequency



The results are summarized in Table 3 below, and detailed results are given in Figure 2.
Table 3 Fraction of successful VOIP links
	Drop
	Random
	Energy
	Genie-aided

	Option 5 (In-Out)
	91% 
	92%
	93%

	Option 5 (Hotspot)
	76%
	77%
	76%

	Option 5 (Uniform)
	75%
	74%
	67%
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Figure 2 VOIP Simulation results

Observation 2: we observe that both random and energy based schemes perform similarly and comparable (sometimes even better) than the genie-aided scheme. 

We note that similar results are also observed for the 12 TX case which are presented in the Appendix – note we only compare random and energy based resource allocation since due to a lack of  genie-aided scheme for the 12 TX case. 

Based on this, we propose that: 

Proposal 1: Random resource selection should be used as a baseline for resource allocation for Type 1 D2D broadcast communication.

Further, we propose to use Target ID for pseudo-randomly determining the resources both in time and frequency.

Proposal 2: For random resource selection, the resources should be randomized both in time and frequency. Target ID should be used to determine these resources in a pseudo-random fashion.

4	Conclusion
In this contribution, we evaluated the performance of a variety of resource allocation schemes for the out-of-network D2D broadcast communication scenario. We observed that the random and energy based resource selection algorithms provides a consistently good performance across various drop types. Due to simplicity of implementation, we propose to use random resource allocation as baseline for Type 1 broadcast communication.
Proposal 1: Random resource selection should be used as a baseline for resource allocation for Type 1 D2D broadcast communication.

Proposal 2: For random resource selection, the resources should be randomized both in time and frequency. Target ID should be used to determine these resources in a pseudo-random fashion.

This is based on the following two observations: 
Observation 1: energy and genie-aided schemes rely on collision avoidance based on either direct measurements or the cellular layout whereas the random scheme relies on interference averaging across retransmissions to deal with collisions.
Observation 2: we observe that both random and energy based schemes perform similarly and comparable (sometimes even better) than the genie-aided scheme. 
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Appendix : Simulation results for 12 TX
In this section, we compare the performance of the random and energy-based schemes for a transmitter density of 12 transmitters per sector. Here again, we observe that the two algorithms give a very similar performance.
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Figure 3 VOIP Simulation results for 12 tx per sector
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