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1 Introduction
In this contribution, we compare distributed control with centralized control for D2D broadcast with a focus on resource allocation schemes for the out of coverage scenario. 

As shown in Figure 1, we consider a centralized resource allocation scheme to be a scheme where a UE (ClusterHead or CH) does resource allocation decisions for a set of other UEs. We consider a distributed resource allocation scheme to be a scheme where the transmitter UEs select the resource in a distributed way potentially based on measurements done at that UE.
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Figure 1 Distributed vs. Centralized Resource Allocation
We argue that distributed resource allocation should be the baseline for D2D broadcast as centralized schemes are more complex, and at the same time yield lower performance than distributed schemes. We compare the two schemes qualitatively in Section 2 to demonstrate that centralized schemes are more complex, and we compare the two architectures through simulations of a candidate designs in Section 3 to show loss in performance.  

2  Qualitative Comparison
We argue that the following aspects of the centralized architecture lead to a more complex design.

· ClusterHead selection – since for the out of coverage case, there is no fixed or well defined controller (like an eNodeB), a protocol needs to be design for CH selection. As shown in [1], CH selection has a significant impact on system performance.  Additionally, this also creates a non-robust system as the performance could be limited by the CH – e.g. if a CH is moving away, then this partially disrupt the communication between UEs that were associated with this CH. 
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Figure 2 CH selection problem
· Inter-ClusterHead Resource Coordination – some coordination between different CHs may be needed. For example as shown in the figure above UE1 and UE2 are associated with different CHs but may need to coordinate their transmission resources. We argue that this can either lead to unmanaged interference, or a need for excessive resource orthogonalization as shown in Section 3. 
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Figure 3 Need for inter-CH resource coordination
· Channel measurements and signaling for resource allocation -- for a CH to allocate resources for a set of UEs, it may need to have an idea of interference seen by various UEs associated with the CH. This will involve signaling needed for performing measurements as well as for reporting this information to the CH.
· Resource assignments propagation – if a CH does resource assignment decision than that information needs to be propagated to the transmitter and receiver UE. However, due to the wireless topology, a receiver UE may not in the range of the CH, and hence will need in addition to have resource assignment signaled to the receiver. This will lead to wasted resources as the same assignment is sent twice.
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Figure 4 Assignment Propagation for Receivers out of CH Coverage
3  Quantitative Comparison
In this section, we compare quantitatively a centralized scheme based on the proposal in [3] with a distributed scheme proposed in [2]. Most of the design details of the schemes simulated are given in the respective contributions. 
3.1 Simulation Assumptions

	Parameters
	Assumptions

	Layout
	Option 5 (ISD = 1732m) w Indoor Hotspot 

(80% indoor UEs)

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz

	Num TX
	3/Cell unless specified 

	Number of UEs
	32/Cell 

	TX Power
	23 dBm

	Num RX antennas
	2 

	Channel Model/ Fading
	As per [4]

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

	
	Distributed
	 CH

	Resource Allocation Schemes
	As per [2]
	As per [3]

	Resource Allocation Parameters
	b = 2 or b = 8

x = 0.5
	N_F = 24, or N_F = 6 or N_F = 12

N_T = 20

K = 4

	
	VOIP
	  Full Buffer

	File Size
	N/A
	  Not modelled

	Packet Size
	44 Bytes (incl. CRC)
	  Not modelled

	Coding/Modulation
	Turbo/QPSK
	  Turbo

	Number of transmissions per packet
	4 for Distributed
1 for CH
	  Not modelled

	HARQ modelling
	Exponential SNR combining
	  Not modelled

	System Overhead
	Modelled in the link curve
	 35%

	Link Curve
	See [2]


3.2 Full Buffer
3.2.1 Baseline Comparison
We note that the basic unit of transmission used in [2] and [3] was different (2 PRBs vs. 10 PRBs), and hence we compare results for different values of PRBs. 

With b = 2 in the distributed allocation scheme, the CH allocation scheme will have N_F = 24 sub-channels. With b = 8 in the distributed allocation scheme, the CH allocation scheme will have N_F = 6 sub-channels.
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Figure 5 Comparison with different values of b
We make the following observation:

Observation 1: CH based resource allocation yields lower performance than the distributed resource allocation.

We further note that this is due to excessive resource orthogonalization done in the CH based scheme where transmitters orthogonalize with UEs associated with the same CH as well as UEs associated with adjacent CH.

Observation 2: CH based resource allocation can lead to excessive resource orthogonalization.
3.2.2 Optimized CH Scheme
Given the Observation 2, we optimized the CH based scheme to increase the resource usage.  In particular, we try to equalize the resource usage across the two schemes. 

In the distributed scheme, the access probability is chosen as x = 0.5, so on average one transmitter can get b RBs in every 2 subframes, and the average resource usage is b/2 RB/subframe/transmitter. In the CH scheme, one transmitter can use one resource unit (i.e., b RBs) in every N_T=20 subframes and the average resource usage is b/N_T RB/subframe/transmitter. To make the resource usage equal for the two schemes, we compare: 1) distributed scheme with b = 2, whose average resource usage is 2/2 = 1 RB/subframe/transmitter; 2) CH scheme with b = 8 and N_T = 20, whose average resource usage is 8/20 = 0.4 RB/subframe/transmitter ; and 3) modified CH scheme with b = 4, and N_T = 4, whose average resource usage is 4/4 = 1 RB/subframe/transmitter, the same as 1).
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Figure 6 Comparison given equal resource usage

We make the following observations:

Observation 3: The modified CH resource allocation scheme yields lower performance than the distributed resource allocation scheme, given the same amount of resource usage.
We also observe that overhead related to CH based resource allocation is not modeled in this simulation, and hence can lead to further loss in performance. 
3.3 VOIP
We compare the outage performance of the CH-based scheme against the distributed scheme which is shown in the figure below. [image: image8.jpg]VolP packet failure CDF, Distributed v/s CH-based scheme
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Figure 7 Outage performance comparison for distributed v/s CH-based scheme
As can be seen in the following figure, the distributed scheme outperforms the CH-based scheme by about 25% on link outage performance. Note that here a link is said to be in outage if it drops more than 2% of the transmitted packets.

Observation 4: CH based scheme leads higher fraction of links being in outage for VoIP.
4 
Conclusion

In this contribution, we qualitatively and quantitatively compared distributed architecture with a centralized architecture. 

We make the following observations:

Observation 1: CH based resource allocation yields lower performance than the distributed resource allocation.

Observation 2: CH based resource allocation can lead to excessive resource orthogonalization.
Observation 3: The modified CH resource allocation scheme yields lower performance than the distributed resource allocation scheme, given the same amount of resource usage.
Observation 4: CH based scheme leads higher fraction of links being in outage for VoIP.

Based on these observations, we propose:

Proposal: distributed resource allocation should be the baseline for D2D broadcast communication.
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Additional simulation results
A.1 Full buffer --  impact of Number of Transmitters

Here, we present results with varying number of transmitter UEs per cell while keeping total number of UEs/cell constant.  We note that similar behavior is obtained across a spectrum of simulation parameters. 
[image: image9.png]CDF of supportable link rate (b = 2), Distributed v/s CH-based scheme

—— 17X, Distributed scheme
=17, CH-based scheme
———3TX, Distributed scheme
=3TX, CH-based scheme
———6TX, Distributed scheme
—BTX, CH-based scheme

9TX, Distributed scheme

|

|

09 |
I

|

|

|

|

9T, CH-based scheme |

08

07

——12TX, Distributed scheme
— 12T, CH-based scheme

Rate (0ps)




[image: image10.png]CDF of supportable link rate (b = 8), Distributed v/s CH-based scheme

——3TX, Distributed scheme
———6TX, Distributed scheme
07 — = ~BTX, Chtbased scheme
9TX, Distributed scheme

06 9TX, Chbased scheme
— 127X, Distributed scherne
— = 12T, Ch-based scheme

—— 17X, Distributed scheme
0s — == 1T, CH-based scheme b
08 ——=3TX, CHbased scheme

Rate (K0ps)




[image: image11.png]CDF of supportable link rate, CH (b=8) v/s CH modifed (b=4) v/s Distributed (b=2)
1

T
— == 17X, Chtbased |
03 —3TX, CHbased : i 1 .
—BTX, ChHbased |
08 9TX, CH-based Q { 4
— = —12TX, CHbased |
07 17X, CH-based modified | 1
3TX, CH-based modified |
sk BTX, CH-based modified i |
9TX, CH-based modfied |
127X, CH-based modified
05 — 17X, Distributed 1
—— 37X, Distributed
04 ———BTX, Distributed 8
9T, Distributed
03 —— 127X, Distributed 4
02 B
01 .
1’ 10’ 10

Rate (0ps)




Figure 8 Impact of number of transmitters
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