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In this contribution, we present link level results along with techniques for improvement for VoIP for D2D broadcast communication.
We note that the following agreement was made at RAN1 #76BIS [1]:
Agreement: 
As good or better than -107 dBm is the design target for D2D VoIP communication.

Given the agreement, we focus our link level evaluations on a target of -107 dBm. Consequently, we focus on 4 HARQ transmissions of each VoIP packet and look at the impact of: 
1. TTI Bundling
2. Frequency hopping 
Based on the simulation results, we propose that single TTI transmissions with frequency hopping should be utilized for D2D VoIP communication. We note that additional simulation results from an earlier contribution [2] are included in the appendix for reference. 

2  	Simulation Assumptions

Table 1 Simulation parameters
	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




As mentioned earlier, we focus on simulations with 4 HARQ transmissions per packet. In particular, we look at:
1. 1 TTI x 4 transmissions
2. 2 TTI x 2 transmissions
3. 4 TTI x 1 transmission

For each of the schemes, we simulate maximum frequency diversity which corresponds to:
1. 1 TTI x 4 transmissions: 4 Transmission each 12 RBs apart (cyclically defined)
2. 2 TTI x 2 transmissions: 2 Transmission 24 RBs apart (cyclically defined)
3. 4 TTI x 1 transmissions: no frequency diversity

Simulation results are shown in the Figure 1 below:
[image: ]
Figure 1 Comparisons of schemes with 4 transmissions

Based on the simulation results, we make the following observation and proposal.
Observation 1: frequency diversity gain is more than TTI bundling gain.
Proposal 1: single TTI transmissions with retransmissions utilizing frequency hopping should be utilized for D2D VoIP communication.
We note that retransmissions that occur on consecutive sub-frames are similar to TTI bundling with frequency hopping and should be allowed as one of the options for resource configuration.  
Proposal 2: retransmissions occurring on consecutive sub-frames that also use frequency hopping should be allowed based on system level considerations (i.e. defined as one of the RPTs).

3	Conclusion
In this contribution, we made the following observation and proposals:
Observation 1: frequency diversity gain is more t than TTI bundling gain.
Proposal 1: single TTI transmissions with retransmissions utilizing frequency hopping should be utilized for D2D VoIP communication.
Proposal 2: retransmissions occurring on consecutive sub-frames that also use frequency hopping should be allowed based on system level considerations (i.e. defined as one of the RPTs).
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Appendix
Simulation results from [2] are provided here for reference:
A. BLER Results (700MHz)
Here, we present BLER results of all transmission schemes with carrier frequency of 700MHz.
[image: ]
Figure 2 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.
[image: ]
Figure 3 BLER results of all transmission schemes for carrier frequency of 2000MHz
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1 TTI, nHarqTx = 4, CFO = 0Hz

1 TTI, nHarqTx = 4, CFO = 400Hz

2 TTI, nHarqTx = 2, CFO = 0Hz

2 TTI, nHarqTx = 2, CFO = 400Hz

4 TTI, nHarqTx = 1, CFO = 0Hz

4 TTI, nHarqTx = 1, CFO = 400Hz
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Basic, 3 ReTx

Basic, 3 ReTx, Freq Diversity

Basic, 3 ReTx, Time Diversity

Basic, 3 ReTx, Time and Freq Diversity

Basic, 5 ReTx

Basic, 5 ReTx, Freq Diversity

Basic, 5 ReTx, Time Diversity

Basic, 5 ReTx, Time and Freq Diversity

Basic, 7 ReTx

Basic, 7 ReTx, Freq Diversity

Basic, 7 ReTx, Time Diversity

Basic, 7 ReTx, Time and Freq Diversity

2 TTI Bundling, 3 ReTx

2 TTI Bundling, 3 ReTx, Freq Diversity

2 TTI Bundling, 3 ReTx, Time Diversity

2 TTI Bundling, 3 ReTx, Time and Freq Diversity

4 TTI Bundling, 1 ReTx

4 TTI Bundling, 1 ReTx, Freq Diversity

4 TTI Bundling, 1 ReTx, Time Diversity

4 TTI Bundling, 1 ReTx, Time and Freq Diversity
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Basic, 3 ReTx

Basic, 3 ReTx, Freq Diversity

Basic, 3 ReTx, Time Diversity

Basic, 3 ReTx, Time and Freq Diversity

Basic, 5 ReTx

Basic, 5 ReTx, Freq Diversity

Basic, 5 ReTx, Time Diversity

Basic, 5 ReTx, Time and Freq Diversity

Basic, 7 ReTx

Basic, 7 ReTx, Freq Diversity

Basic, 7 ReTx, Time Diversity

Basic, 7 ReTx, Time and Freq Diversity

2 TTI Bundling, 3 ReTx

2 TTI Bundling, 3 ReTx, Freq Diversity

2 TTI Bundling, 3 ReTx, Time Diversity

2 TTI Bundling, 3 ReTx, Time and Freq Diversity

4 TTI Bundling, 1 ReTx

4 TTI Bundling, 1 ReTx, Freq Diversity

4 TTI Bundling, 1 ReTx, Time Diversity

4 TTI Bundling, 1 ReTx, Time and Freq Diversity


