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1. Introduction 
In the Athens meeting, we agreed to the following principles for the DRX control:

· If PDCCH has not been successfully decoded during the on-duration, the UE is allowed to go into DRX when the inactivity timer expires and awakes at the preconfigured time, and
· This applies for the sub-frames where the UE has been persistently scheduled.
This implies that a VoIP UE that is semi-persistently scheduled and a retransmission occurs, the retransmission can only happen during the next pre-defined on-duration. We analyzed this issue in this paper and propose a simple way in order to save UE’s battery power. 
2. Discussion and Analysis 
For dynamic scheduling, the retransmission does not need to wait until the next on-duration since the inactivity timer will be started. We analyze the semi-persistent scheduling specifically for the VoIP case here. 
Considering that the RTT time for the retransmissions is around 8TTIs [1], and the asynchronous downlink HARQ is agreed for the retransmissions, we may choose much shorter DRX periods in order to handle the retransmission. This period would be smaller than the normal 20ms voice frame arrival interval (Fig 1). In Fig 1, considering the 20-ms voice frame arrival, a reasonable value for the T could be 10ms (larger than HARQ RTT time) and maintain the 20ms period of voice frames.  
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Figure 1. A current possibility for voice DL retransmission.
However, due to the strict delay budget and 1% FER requirements for Voice service, this would force the retransmissions to be limited to 1 or 2. This gives stricter success ratio for the initial transmission than normal data packets. If we assume 10-15% FER for the initial transmission, then we can observe in most of the times, no retransmission is needed for voice service. This triggers a second alternative method for the retransmission handling for the voice frames (no PDCCH case). For semi-persistent scheduling (no PDCCH signaling), when the UE sends a NACK on the PUCCH, the UE may receive the retransmissions by following alternatives
1) The UE starts the inactivity timer that will insure that the retransmissions will be received (Fig 2); or
2) The UE enters sleep at the expiration of the on-duration, but it will enter an additional on-duration which is started around the HARQ RTT (Fig 3).   
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Figure 2. Solution 1.
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Figure 3. Solution 2.

 Let us assume the FER for the initial voice transmission is α, and the UE can be aware of the silence period explicitly or implicitly, then the needed retransmissions percentage is α. For current solution, the total UE awake time during 1 second is simply t/T (t is on-duration). If T=10ms, then it is 100t seconds. For solution 1, the total UE wake up time is t/0.02 + 50 * α * HARQ RTT which is approximately 50t+60ms (assume 15% FER, HARQ RTT is 8TTIs); for solution 2, the total wake-up duration is t/0.02 + 50 * α * t which is approximately 58t. It is observed that for solution 1, when t >1, it can save (50t-60) ms wakeup time for the UE; for solution 2, it always save 42t wakeup time (almost 50%).              

Compared with the solution 1 and solution 2, the difference is that in solution 1 the UE needs to continue to maintain the awake state while in solution 2 the UE can smartly sleep and then wake during the additional on-duration. However, following issues should also be considered:
1) The UE needs to transmit NACK/ACK after the downlink reception (around 3 TTIs later); and
2) Solution 1 is simpler than solution 2, and solution 1 allows more flexibility for dynamic scheduling since after eNB receives the NACK, it knows that UE is in continuous mode.  

There are other issues may attract our intentions as well:

1) If ACK(NACK error occurs when a UE sends ACK back to the ENB, ENB may retransmit the packets to the UE, but UE will not receive it due to its DRX. This will not affect the UE’s performance but may affect the DL resource inefficiency. The ENB may adopt some way to cease the retransmission in this case (FFS)

2) For the case that there are 2 retransmissions, the 2nd retransmission is better to occur inside the pre-defined on-duration. However, since the retransmissions imply PDCCH signaling, the UE’s inactivity timer is started in this case, this provides more flexibility for the 2nd retransmissions.    
3. Conclusion

From the previous discussion, we propose either solution 1 or solution 2 be adopted as an adaptive way for VoIP retransmissions in order to reduce the UEs’ wakeup time. 
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