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1. Introduction
At the last SA4 #60 meeting in Erlangen, several companies proposed an extra low-delay mode for EVS codec design constraints. It was explained that the rationale behind this extra low-delay mode was, by lowering the delay and increasing the number of retransmissions by 2 times, i.e., 16 ms[1], VoIP capacity can be improved.
This document studies the effect of increasing the number of retransmissions for improving VoIP capacity. It is shown that making the algorithmic delay shorter to allow for more retransmission does not contribute to improvement of VoIP capacity.
2. Maximum number of retransmissions
Retransmission by Hybrid ARQ (HARQ) is required to compensate for the instantaneous fading variation in SPS, which performs better VoIP capacity than dynamic scheduling as shown in S4-100834 [2]. Given the frame size of EVS codec as 20 ms [3], and the retransmission interval as 8 ms [4], the sources confirm that VoIP capacity saturates at four retransmissions. In the simple Chase combining, for example, while the SINR (Signal to Interference plus Noise Ratio) improves by 7 dB at 4th retransmission, the additional improvement at 5th retransmission is only 0.8 dB. This implies that, the effect of retransmission beyond four times is very limited.  

In addition, conducting the 5thretransmission is a messy process. Special operation is needed based on the current RAN1/2 specifications in uplink at 20 ms cycle. As shown in the Figure 1, the 5th retransmission packet of the frame n collides with the initial transmission of the subsequent speech packet of the frame n+2. In order to avoid this collision, following special treatment is required.

· Retransmission is performed same as the other retransmission.

· Initial packet of the subsequent packet is transmitted in the same way as the non-SPS packet.
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Figure 1: Timing chart of speech packet and retransmission packet
Furthermore, if the PDCCH (Physical Downlink Control Channel), which assigns resource for retransmission, is not detected at the collision-frame, the UE will transmit the initial-packet of the subsequent transmission, although eNodeB requires the retransmission of the previous packet. Special error case handling is, therefore, further required. 

Instead of relying on more retransmissions (more than 4 times) to increase VoIP capacity, other more efficient measures should be considered, e.g., reducing the MCS (modulation and coding scheme) level, or using the TTI-bundling.
3. Allowable algorithmic delay using four retransmissions 
In an accompanied contribution S4-100833[5], the sources showed that the algorithmic delay can take a value up to 59ms within the end-to-end delay budget of 200ms. In this calculation, the retransmission times is set to four. As stated in the above section, since allowing two more retransmissions, as proposed at the last SA4#60 meeting, does not contribute to VoIP capacity improvement, further reduction of the algorithmic delay below 59ms is not justified for this very purpose. 
The sources agree that shorter delay may be required for other purposes, but the argument for improving VoIP capacity is questionable.
4. Conclusion
This document studied the effect of increasing the number of retransmissions for improving VoIP capacity. As a result of discussion above, the proposed low delay mode does not seem to be beneficial for EVS codec from the perspective of improving VoIP capacity. 
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