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1
Introduction
In this contribution, we present link level results along with techniques for improvement for VoIP a for D2D broadcast.

With a target of 135 dB link budget, some techniques are needed to improve link level performance for VoIP as noted in [1] [2].  In this contribution, we look at some of the techniques to improve the link budget to meet the 135 dB link budget requirement.  
In particular, we look at the impact of:

1. Impact of number of retransmissions

2. Impact of TTI Bundling

3. Impact of time interleaving to harness time diversity

4. Impact of frequency interleaving to harness frequency diversity

We show that with a combination of TTI bundling, retransmission, time and frequency diversity, we are able to meet the link budget requirement of 135 dB with a 2 % target block error rate (BLER).  

2  
Simulation Assumptions
	Parameters
	Assumptions

	Carrier Frequency, System Bandwidth
	700 MHz, 10 MHz

	VoIP Packet Size
	44 Bytes (including CRC)

	Channel Model
	ITU UMi NLOS (reduced variability)

	Number of RX antennas
	2 

	Coding/Modulation
	Turbo/QPSK

	HARQ Transmissions
	Chase Combining 

	Channel Estimation Algorithm
	Quadratic Interpolation

	Transmission Bandwidth
	2 PRBs


Note that 135 dB link budget requirement translates to an SNR of –3 dB over 2 PRBs. Thus the target rate is less than 2% BLER at SNR of – 3 dB. 
We propose various schemes to increase performance at a link level, as shown in in Figure 1 below. These schemes can be summarized as:

1. Basic – where a VoIP packet is re-transmitted on the same frequency at every scheduling opportunity.  The scheme is parameterized by number of retransmissions (1 retransmission = 2 transmissions of the packet).

2. TTI Bundling – here we assume that each transmission instead of a single SF (sub-frame) could be multiple sub-frames. This enables joint channel estimation across multiple sub-frames and hence improves performance.

3. Time diversity – here, we make use of the 200ms delay target for the VoIP packet to spread the packet out over 200ms.

4. Frequency diversity – here, we exploit frequency diversity by hopping to a different PRB pair for each HARQ transmission. We implement randomized hopping where each PRB pair is selected uniformly randomly for each HARQ transmission.
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Figure 1 Schemes to improve link budget
3  Simulation Results
In this section, we present link level simulation results for VoIP packet transmissions for D2D broadcast. In below, we simulate the BLER result for each improved transmission scheme and evaluate the performance gain by comparing the SNR to achieve the target BLER of 2% against a corresponding basic scheme. All the results are also provided in the Appendix A for both 700 MHz and 2 GHz carrier frequencies.
3.1 Understanding channel behavior

We first study the behavior of the ITU UMi NLOS fading channel. Below, we plot the sample paths of channel gains in different PRBs during a simulation period of 2000ms (at 700 MHz). Note that the channel gains are averaged over two receiver antennas.
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Figure 2 Channel variations in time (sample paths)
We note that the channel coherence time is around 100ms. Thus, diversity gain can be achieved by time interleaving retransmissions over the VoIP delay budget (200ms).
We next plot the sample paths of channel gains across different PRBs. The results are averaged over two receiver antennas. 
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Figure 3 Channel variations in frequency (sample paths)
It can be observed that the channel coherence bandwidth is around 10-15 PRBs. Thus, diversity gain can be achieved by interleaving retransmissions in frequency across the system bandwidth (50 PRBs).
3.2 Impact of Retransmissions
To improve the link level BLER performance, we next investigate the impact of retransmissions. Below, we compare BLER results of the basic schemes with different number of retransmissions.
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Figure 4 BLER results with different retransmissions

Increasing the number of retransmissions from 3 to 7 improves the SNR by around 3dB for the target BLER of 2% which is inline with the expected gain due to more accumulated energy per packet.

3.3 Impact of TTI Bundling

Next, we investigate the impact of TTI bundling. In below, we plot BLER results with different TTI bundling schemes.
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Figure 5 BLER results with different TTI bundling schemes

Introducing TTI bundling (2 TTI Bundling, 3 ReTx) over the basic scheme (Basic, 7 ReTx) improves the SNR by around 2dB for the target BLER of 2%. 
We make the following observation:

Observation 1: TTI Bundling provides an additional gain of 2dB over retransmissions. 
3.4 Impact of Frequency Diversity

Next, we look at the impact of frequency diversity. The following figure shows the BLER results with frequency interleaving for different transmission schemes.
[image: image6.emf]-15 -10 -5 0 5 10

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

Impact of Frequency Diversity

 

 

Basic, 3 ReTx

Basic, 3 ReTx, Freq Diversity

Basic, 7 ReTx

Basic, 7 ReTx, Freq Diversity

2 TTI Bundling, 3 ReTx

2 TTI Bundling, 3 ReTx, Freq Diversity

4 TTI Bundling, 1 ReTx

4 TTI Bundling, 1 ReTx, Freq Diversity


Figure 6 BLER results with frequency interleaving for different transmission schemes

The frequency interleaving scheme (Basic, 3 ReTx, and Freq Diversity) improves the SNR by around 4dB over the base scheme (Basic, 3 ReTx) for the target BLER of 2%.

We make the following observation:

Observation 2: performance gain of 4dB can be achieved by frequency interleaving.
3.5 Impact of Time Diversity

Finally, we investigate the impact of time diversity. The following figure shows the BLER results with time interleaving for different transmission schemes.
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Figure 7 BLER results with time interleaving for different transmission schemes

The time interleaving scheme (Basic, 3 ReTx, Time Diversity) improves the SNR by around 4dB over the base scheme (Basic, 3 ReTx) for the target BLER of 2%.
We make the following observation:

Observation 3: performance gain of 4 dB can be achieved by time interleaving.

4 
Conclusion

In this contribution, we make the following observations:
Observation 1: TTI Bundling provides an additional gain of 2dB over retransmissions. 
Observation 2: performance gain of 4dB can be achieved by frequency interleaving.
Observation 3: performance gain of 4dB can be achieved by time interleaving.
Based on these observations, we make the following proposal:

Proposal: TTI bundling, time and frequency diversity schemes should be studied to improve VoIP performance.

 We note that system simulation results incorporating these techniques are provided in a companion contribution [3].
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Appendix

A. BLER Results (700MHz)

Here, we present BLER results of all transmission schemes with carrier frequency of 700MHz.
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Figure 8 BLER results of all transmission schemes for carrier frequency of 700MHz

B. BLER Results (2GHz)

Here, we present BLER results of all transmission schemes with carrier frequency of 2GHz.
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Figure 9 BLER results of all transmission schemes for carrier frequency of 2000MHz
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