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1. Introduction
For UL VoIP tests with enhanced TTI bundling, the following two options on new packet generation were discussed in the last meeting, and it was agreed that option 1 is set as the baseline, and option 2 is not excluded [1]. 
· Option 1: Transmitting a new VoIP packet every 20ms

· Option 2: Full buffer transmission

In the last meeting, our contribution in [2] initially analyzed the two options from the perspectives of test time, test equipment complexity and link-level performance. This contribution provides more simulation results and analysis on the two options, and further gives our view on selecting the new packet generation scheme.
2. Discussion
The two options are illustrated in Figure 1. In this figure, “Pn” stands for the n-th VoIP packet, “FT” stands for the first transmission of one packet, “RT” stands for the re-transmission of one packet, “Correct” represents that one packet is correctly decoded after the reception of this 4-TTI bundle. It can be seen that in option 1, there are some “blank” TTIs with no transmission since some packets can be successfully decoded with less than 5 HARQ transmissions. In option 2, when one packet is successfully decoded, a new packet will be generated, resulting in no “blank” TTIs.
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Figure 1. Two options for new packet generation (3 HARQ processes)
2.1 Link-level simulation
In this subsection, link-level simulation results are provided to show the performance difference between the two options. The simulation assumptions are listed in Table 1. The simulation curves for rBLER under various SNRs are given in Figure 2, and the required SNRs to achieve 2% rBLER are provided in Table 2.
Table 1. Link-level simulation assumptions
	Parameters
	Values

	Performance metric
	SNR at 2% residual BLER

	Transport block size
	328

	MCS
	7, QPSK modulation

	Channel Bandwidth
	20 MHz

	RB size and allocation
	3 contiguous RBs in the middle of the channel bandwidth
(the 3 RBs in the middle with lower numbers are used)

	Propagation conditions
	EVA5, ETU300

	Antenna configuration 
	1x2 Low, 1x8 Low

	Noise model
	AWGN

	Cyclic prefix
	Normal

	TTI bundling
	ON, bundle size = 4 TTI

	HARQ RTT
	12 ms

	Number of HARQ processes
	3

	Maximum number of transmission and re-transmissions
	5

	RV
	0, 2, 3, 1, 0, 2, 3, 1

	Channel estimation
	Practical channel estimation

	Receiver
	MRC
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Figure 2. rBLER versus SNR (dB)
Table 2. Required SNRs to achieve 2% rBLER

	Required SNR (dB)
	EVA5
	ETU300

	
	1T2R
	1T8R
	1T2R
	1T8R

	Option 1
	-5.88
	-14.75
	-9.91
	-15.80

	Option 2
	-7.25
	-15.05
	-9.90
	-15.82

	Performance gap between Option 1 and Option 2
	1.37
	0.30
	-0.01
	0.02


Based on Figure 2 and Table 2, we have two observations:

Observation 1: Under EVA5 channel, link-level performance gap exists between option 1 and option 2, and the gap for 1T8R is smllaer than that for 1T2R.
Observation 2: Under ETU300 channel, there is no obvious link-level performance gap between option 1 and option 2.
Analysis for observation 1

Firstly we analyze the reasons for observation 1. The amplitude of EVA5 small-scale channel with 1T2R is recorded in Figure 3. The figure’s horizontal axis shows the time index n ranging from 1 to 250, and the vertical axis shows the root mean square (r.m.s.) of the two channel branches’ amplitudes at TTI 4
[image: image4.wmf]´

(n-1). One 4-TTI transmission in option 1 is marked with a red asterisk, and one 4-TTI transmission in option 2 is marked with a blue circle. Note that is SNR is set as -8 dB.
In Figure 3, it is observed that all TTIs are occupied in option 2 as expected. In option 1, new VoIP packets are generated at the interval of 20 ms: 1) when the channel state is relatively good, one packet can be successfully decoded after one or two HARQ transmissions, and there is no transmission in many TTIs; 2) when the channel state is relatively weak, the number of HARQ retransmission is larger, and most of the TTIs are occupied. Therefore, for option 1, the majority of the occupied TTIs are in relatively weak channel state. The average channel power among the occupied TTIs for option 1 is smaller than that for option 2, resulting in poorer link-level performance in option 1.
Observation 1-1:Under EVA5 channel, the average channel power among the occupied TTIs for option 1 is smaller than that for option 2, resulting in poorer link-level performance in option 1.
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Figure 3. Amplitude of small-scale channel for EVA5 (1T2R) 
The r.m.s. of the channel amplitudes (i.e., the r.m.s. of all the Tx-Rx channel branches’ amplitudes) for 1T2R and 1T8Rx is given in Figure 4 for comparison. It is obvious that, the amplitude/power variation in time for 1T8R is smaller than that for 1T2R, which explains why the performance gap between the two options is smaller in 1T8R case.
Observation 1-2:Under EVA5 channel, the power variation in time for 1T8R is smaller than that for 1T2R, which explains why the performance gap between the two options is smaller in 1T8R case.
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Figure 4. Amplitude of small-scale channel for EVA 5 (1T2R and 1T8R)
Analysis for observation 2
Then we analyze the reasons for observation 2. The amplitude of ETU300 small-scale channel with 1T2R is recorded in Figure 5. Similarly to Figure 3, the horizontal axis of Figure 5 shows the time index n, and the vertical axis shows the r.m.s. of the two channel branches’ amplitudes at TTI 4
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(n-1). One 4-TTI transmission in option 1 and option 2 is respectively marked with a red asterisk and a blue circle. Note that is SNR is set as -10 dB for ETU300.
For ETU300 channel, maximum Doppler frequency of 300Hz implies very high UE velocity. As seen in Figure 5, ETU300 channel is changing very fast with time, and channel correlation level in time domain is very low. When the channel state is relatively good at one TTI, it may become either good or weak at 4 TTIs later. Hence for option 1, about half of the occupied TTIs are in relatively good channel state, and the other half are in relatively weak channel state. The average channel power among the occupied TTIs for option 1 is very close to that for option 2, resulting in quite small link-level performance gap between the two options.
Observation 2-1:Under ETU300 channel, the average channel power among the occupied TTIs for option 1 is very close to that for option 2, resulting in quite small link-level performance gap between the two options.
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Figure 5. Amplitude of small-scale channel for ETU300 (1T2R)
2.2 Views on the two options
Based on the simulation results and analysis in subsection 2.1, we can see that performance gap between the two options is non-ignorable (up to 1.37 dB). So RAN4 should select one method for new packet generation, and capture the selected method in the specification to avoid any misunderstanding.
Since option 1 can better reflect the service characteristic of VoIP as well as the real performance of UL VoIP with enhanced TTI bundling, we propose to select option 1 as the new packet gerneation scheme.
Proposal: Select option 1 (transmitting a new VoIP packet every 20ms) as the new packet gerneation scheme for UL VoIP with enhanced TTI bundling.

3. Conclusion
This contribution further analyzed the two options for new packet generation, and made the following proposal:

Proposal: Select option 1 (transmitting a new VoIP packet every 20ms) as the new packet gerneation scheme for UL VoIP with enhanced TTI bundling.
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