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1
Introduction
In RAN1#75 meeting [1], resource allocation scheme for D2D broadcast communication was discussed as the following: 
· 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.
This contribution provides performance comparison between cluster head (CH) approach and distributed resource selection method.
2   Resource Allocation Mechanism for Evaluation
This section discusses how each resource allocation method is modelled for the evaluation.
2.1
Cluster-based approach
For the evaluation of CH-based approach, we consider CH election as the following:

· CH election: any broadcasting UE acts as a CH when a broadcasting UE recognizes that there is no CH in proximity. CH election and association of the CHs with broadcasting UEs would be critical factors that govern performance of the CH-based resource allocation. In our evaluation, the followings are considered:
· According to the agreement in [2], UE dropping, selection of transmitters, and association of receivers with transmitters are performed.

· First CH is randomly selected from all transmitters within the entire 19 macro sites.

· We start associating transmitters with the CH based on association constraint. In other words, if the RSRP of the CH is greater than -112dBm or -107dBm in a transmitter, then we associate the CH with the transmitter. Otherwise, the transmitter acts as a new CH.
· Next CH is randomly selected which was not selected as the CH, and we re-start associating transmitters with the new CH based on the RSRP constraint.

· The association is repeated until when all the transmitters are associated with the CHs.
· After the election of all CHs, CH association is performed again. If a transmitter can be associated with multiple CHs, the transmitter is finally associated with the CH which can provide the best RSRP.
2.2
Energy sensing-based approach

Broadcasting UEs monitor resources during a pre-defined period and selects their resources based on energy sensing. Each transmitter transmits data on its resources only if the energy level measured on the selected resources is less than a pre-defined energy threshold, and otherwise the transmitter gives up to transmit its data.
3   Performance Evaluation
3.1
Evaluation assumptions
This section provides evaluation scenario and basic assumptions as the following:
· Control overhead and power consumption for resource allocation are not considered during simulation run.

· Link adaptation
· No closed loop physical layer feedback is used
· A fixed MCS and maximum transmission power are utilized, e.g., no power control.

· Resource granularity

· Frequency-domain resources: for both CH-based and distributed approaches, we assume that the number of RBs for each broadcasting UE (NPRB) is fixed. It means that every broadcasting UE transmits its data by using the same amount of resources (NPRB), which is an evaluation parameter.
· Time-domain resources: dynamic scheduling at a subframe level is considered. 

· Resource coordination between transmitters for the CH-based approach 

· After associating the CH with transmitters as mentioned in Section 2, each CH orthogonally allocates resources for the transmitters associated with it.

· Layout option: we assume outdoor UEs in layout option 5.
· Traffic model: full buffer, FTP2, and VoIP models are taken into account.
3.2
Evaluation results
In this sub-section, we provide long-term SINR distributions for the associated UEs in the uniform deployment. In all simulation results, ITBS = 4 is used.
3.2.1

Full buffer model
Long-term SINR CDF

Figure 1 compares SINR distributions of resource allocation schemes for the associated UEs based on minimum RSRP (-107dBm) depending on various NPRBs. We find from Figure 1 that performance of CH-based approach is not superior to that of energy sensing-based scheme. It should be noted that when in-band emission modeling is included in the evaluation, performance gap between two schemes increases. In CH-based approach, CH orthogonally allocates the resources based on request for resource allocation from each broadcasting UE. And thus, resource collision between different transmitters can be resolved when there is no collision in the course of resource request. However, since CHs do not know the situation at broadcasting UEs’ sides, SINR performance can decrease due to in-band emission. On the other hand, in energy sensing-based scheme, transmitters monitor resources during a pre-defined period and they can know whether the resources would be available or not.
Observation 1: CH-based approach is more sensitive to in-band emission problem than energy sensing-based approach.
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	(a) NPRB = 2
	(b) NPRB = 5

	Figure 1: CDF of received SINR when RSRP threshold is set to -107dBm


System sum throughput and detection probability
Table 1 and Table 2 show average system sum throughput and detection probability where energy sensing threshold is fixed to -107dBm. It is observed that energy sensing-based scheme can give better performance than CH-based approach what performance metric is used and whether in-band emission is included or not.
Table 1: Average system throughput (M bits)
	
	W/O in-band emission
	With in-band emission

	
	CH-based approach
	Distributed approach
	CH-based approach
	Distributed approach

	NPRB = 2
	0.649
	0.699
	0.553
	0.611

	NPRB = 5
	1.152
	1.533
	1.00
	1.26


Table 2: Average detection probability (%)
	
	W/O in-band emission
	With in-band emission

	
	NPRB = 2
	NPRB = 5
	NPRB = 2
	NPRB = 5

	CH-based approach
	0.928
	0.841
	0.827
	0.721

	Distributed approach
	0.978
	0.878
	0.875
	0.74


Observation 2: When NPRB is 2 or 5, energy sensing-based approach can achieve better performance than CH-based approach.
4   Conclusion
This document has compared the performance of centralized and distributed resource allocation mechanisms for D2D broadcast communication. The following are our observations and proposal:
Observation

· CH-based approach is more sensitive to in-band emission problem than energy sensing-based approach.
· When NPRB is 2 or 5, energy sensing-based approach can achieve better performance than CH-based approach

Proposal

· Distributed resource allocation should be the baseline approach for D2D broadcast communication in Rel-12.
· Frequency-domain resource allocation for D2D broadcast communication should consider RB- or RBG-level granularity.
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A
Evaluation Assumptions
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

Option 5: Urban macro (1732m ISD) (all UEs outdoor) 

	Carrier frequency
	700MHz

	System bandwidth
	10MHz (50RBs)

	Path loss model
	According to agreed assumptions [2]

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

	Shadowing
	O2O
	7 dB log-normal

	Small scale fading
	Not applied

	Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [2]

	In-band emission model
	Model B

	Communication Resources
	Frequency resources: 1, 2, 5 RBs for each transmitter (3 cases)

	Traffic model
	Full buffer


