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1
Introduction
In this contribution, we present results for VOIP for D2D broadcast with additional modeling for contention based scheduling.
At a high level, we argue that overhead due to contention and sensing does not significantly impact the performance of the proposed D2D broadcast techniques in [1].  The details of simulation modeling are given in Section 2, and simulation results are provided in Section 3. 
2  
Simulation modeling 

For D2D broadcast design, the following agreement was made in RAN1 #75 [2]. 


Give this agreement; in order to accurately model overhead due to sensing, we make the following assumptions:

· Sensing time = 12 OFDM symbols. We note that 12 OFDM symbols is roughly 0.8 ms. or 8000 samples which is more than adequate to get a reliable energy estimate.  Additionally, this allows a UE to roughly use an entire sub-frame to monitor and measure received energy.
· Delay between sensing and transmission = 4 ms. We assume that any energy measurements cannot be applied to sub-channel selection until 4 ms. later.  We note that this number is consistent with the current turn-around assumptions for UE (e.g. to send an acknowledgement).
· Modelling of contention – the distributed protocol can lead to collisions due to different transmitters using the same sub-channel. We note that collisions are naturally modelled through appropriate SINR calculations including assumptions used for simulation results in [1].
We additionally note the following imperfections have been added to the simulations:

· Actual energy-measurement as opposed to ideal (pathloss-based) energy-measurement: every transmitter, when selecting a sub-channel, measures energy on all the available subbands (when it is not transmitting) – this includes the energy due to in-band emissions. It keeps track of measured energy for the last 24 milliseconds.  A transmitter picks, uniformly at random, a frequency band from those subbands whose measured energy is within 2 dB of the minimum measured energy over all subbands. Owing to the 4 ms. delay in measurement, the oldest 20 ms. worth of energy measurements are used for calculating the minimum energy.
· Non-synchronized selection of subbands: Every transmitter updates its minimum-energy subband periodically, once every 500 ms. The initial offset for this measurement event is randomly selected, and is different for different transmitters.

Sensing protocol: we assume that entire bandwidth is divided into 24 sub-channels with 2 RBs each.  Each transmitter selects one sub-channel to transmit on based on energy measurements.  We assume sequential channel selection, but assume that this process is repeated every 500ms where each transmitter selects a sub-channel every 500 ms. on an average. The transmitter measures sub-channel energies for 20 ms. prior to sub-channel selection. 

We note that some of these are fairly conservative assumptions, and it is possible to do a lot better than the assumptions made here. However, we argue that for the purposes of the schemes under discussion, the modeling above suffices to demonstrate the point that sensing overhead doesn’t significantly impact the performance. 

3  Simulation Results
In this section, we present simulation results for VOIP. 

The design simulated is the design proposed in [1] with additional simulation details given in Section 2. 

3.1 Simulation Assumptions

Table 1 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  

	Number of UEs
	32/Cell 

	TX Power
	23 dBm

	Num RX antennas
	2 

	Channel Model/ Fading
	As per [3]

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

	VOIP Packet Size
	44 Bytes (incl. CRC)

	VOIP Coding/Modulation
	Turbo/QPSK

	Number of transmissions per packet
	4

	Diversity techniques
	Time and Frequency


3.2 Simulation Comparison

The simulation results are summarized in the table below, and also presented in the figures below the table. 

Table 2 Fraction of successful VOIP links

	Drop
	Ideal
	Sensing Modeled

	Option 5 (In-Out)
	90% 
	90%

	Option 5 (Hotspot)
	71%
	70%

	Option 5 (Uniform)
	73%
	70%
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Option 5 (In-Out)

In-out drop, ideal

In-out drop, w/ imperfections
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Option 5 (Uniform)

 

 

Uniform drop, ideal

Uniform drop, w/ imperfections
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Option 5 (HotSpot)  

 

Hotspot drop, ideal

Hotspot drop, w/ imperfections

 
Based on this, we make the following observation:

Observation 1: overhead of sensing doesn’t significantly impact performance of D2D broadcast communication schemes proposed in [1]. 

4  Conclusion

In this contribution, we simulated the proposal in [1] with added simulation assumption regarding sensing time and delay between sensing and transmission. Based on this, we make the following observation:
Observation 1: overhead of sensing doesn’t significantly impact performance of D2D broadcast communication schemes proposed in [1]. 
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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. 
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