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1
Introduction

In this contribution, we focus on Mode 2 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. Randomized RPT selection (called RRPT)
3. CSMA based on SA decoding (called CSMA/SA)
As the main conclusion of this study, 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. 
Further, we study some congestion control techniques motivated by the discussion in RAN1 #77. [1] The study and corresponding observations are provided in Section 3. 
2
Comparison of Mode 2 resource allocation schemes
We consider three resource allocation schemes for Mode 2 as follows:

1. Random resource selection:  a transmitter that has a data packet to transmit, selects four resources uniformly at random (randomized both in time and frequency), and transmits the data packet on those resources. We assume that this randomization is done based on the ID in SA and hence known at the receiver.  
2. Randomized RPT (RRPT) – this scheme is motivated by [4] and [6] where orthogonal RPTs are proposed. By numerical simulations, we pick about 200 RPTs such that any time RPTs collide at most two times. Each RPT is a set of 4 numbers (corresponding to 4 transmissions) from 1 to 20 (corresponding VoIP packet periodicity). In this scheme, each transmitter picks a RPT randomly for each transmission. 

3. CSMA based on SA decoding (CSMA/SA) -- this scheme builds on the RRPT scheme where we assume that each transmitter is able to decode SA from other transmitters and picks an RPT that minimizes conflict with its neighbors (motivated by [4], [5],[6]). We assume idealized SA decoding and only a link budget constraint of 135 dB is modeled –half duplex constraint in SA is not modeled.  
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
	RRPT
	CSMA/SA

	Direct collision avoidance
	No
	No
	Yes

	Hidden node collision avoidance 
	No
	No
	No

	Interference diversity 

(across retransmissions)
	Yes
	Yes
	No

	Frequency diversity
	Yes
	Yes
	Yes

	Time diversity
	No
	No
	No


We note that the main difference between the three algorithms described above is the mechanism of collision avoidance. The random and RRPT algorithms achieve collision avoidance through interference averaging across retransmissions, while the CSMA/SA algorithm avoids collisions using direct measurements. We argue that interference averaging is a simple way to avoid collisions and provides comparable performance. In the next section, we present simulation results to justify this claim.

Observation 1: CSMA/SA scheme relies on collision avoidance based on either direct measurements, whereas the random and RRPT schemes rely on interference averaging across retransmissions to deal with collisions.
We next evaluate the resource allocation schemes described above 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

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz

	Num TX
	12/cell 

	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 (PRBs)
	2

	Number of transmissions per packet
	4

	Diversity techniques
	Frequency

	RSRP threshold
	-107 dBm


The simulation results are summarized in Table 3 below, and detailed in Figure 1.
Table 3 Fraction of successful VOIP links

	Drop
	Random
	RRPT
	CSMA/SA

	Option 5 (Uniform)
	96%
	96%
	94%
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Figure 1 VOIP Simulation results 
While we present simulation results only for the uniform drop, we expect the same trend to hold for in-out and hotspot drops.
Observation 2: we observe that all the three schemes give very similar performance.
Based on the above discussion, we propose that: 

Proposal 1: Random resource selection should be used as a baseline for resource allocation for Mode 2 D2D broadcast communication.
Further, we propose to use the “ID in SA” 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. “ID in SA” should be used to determine these resources in a pseudo-random fashion.

3
Congestion control techniques 
We study congestion control techniques as per discussion in RAN1 #77.

The main objective of these techniques is control the density of transmitting UEs. This can for example be used to control interference to an eNodeB on the Mode 2 resource pool.  For this congestion-control part of the contribution, we use 31 dBm tx power, and the IBE model corresponds to [W, X, Y, Z] = [0, 0, 0, 0]. 
We consider two schemes:

1. On-OFF with energy sensing: in this scheme, the transmitter measure the energy on data channel and if certain fraction of timeslots have high received energy, then the transmitter decides to back-off and not transmit for certain interval of time

2. Soft On-Off with energy sensing: this is an extension of the On-Off scheme, where the transmitters have an intermediate step where they limit the number of H-ARQ transmission per packet. 

We study performance of the above two schemes with different energy thresholds to decide whether a sub-frame is occupied or not.  For making yielding decisions, we use the threshold on fraction of slots

1. For On-OFF scheme with energy sensing, the fraction of slots is selected to be 50%. That is if 50% of slots have energy greater than the threshold, then the transmitter yields.

2. For Soft On-Off scheme, the fraction of slots is selected to be 35%, 65%. That is:
a. If number slots with energy above threshold > 65%, then yield

b. Else if number slots with energy above threshold > 35%, then use two H-ARQ transmissions

c. Else use 4-HARQ transmissions
The results for these schemes are shown below:

1. Figure 2 shows the number of transmitters as a function of energy sensing threshold used

2. Figure 3 shows the D2D performance as a function of energy sensing threshold used.
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Figure 2 Number of Transmitters Per sub-frame
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Figure 3 D2D Performance
Based on these results, we observed that:

Observation 3: soft on-off schemes lead to better performance of D2D while controlling number of transmitters per sub-frame.
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 resource selection algorithms provides a good performance – this scheme performs comparable to the two other schemes studied (CSMA/SA and RRPT). Due to simplicity of implementation, we propose to use random resource allocation as baseline for Mode 2 broadcast communication.
Proposal 1: Random resource selection should be used as a baseline for resource allocation for Mode 2 D2D broadcast communication.

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

This is based on the following two observations: 

Observation 1: CSMA/SA scheme relies on collision avoidance based on either direct measurements, whereas the random and RRPT schemes rely on interference averaging across retransmissions to deal with collisions.
Observation 2: we observe that all the three schemes give very similar performance for D2D VoIP communication.
Finally, we studied some congestion control algorithms and observed that:

Observation 3: soft on-off schemes lead to better performance of D2D while controlling number of transmitters per sub-frame.
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