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1. Introduction
RAN2 has reached stage 2 agreement on NTR DRX  [1]. Further progress would be required for RT applications, like VoIP.  

There are a few contributions [2-5] which have considered some unique features of VoIP, like periodic small data packets (one per 20ms), silence period generated by advanced voice codec, etc. 
In this contribution, we focus on VoIP only UE DRX control, by considering the two-way VoIP traffic characteristics and UL/DL interactions. We propose a one-level DRX control with autonomous DRX transition. Also we propose to align carefully UL and DL VoIP packet streams. 
2. Two way VoIP traffic pattern 
Most of VoIP calls will be two way conversations. In each direction (DL and UL), there will talkspurts and silence periods.  Figure 1 shows the traffic pattern of the two way VoIP communication.  During talkspurt, voice codec sends out VoIP data packets once per 20ms; while in silence period, the codec sends out SID packets once per 160ms.  
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Figure 1. Two-way VoIP illustration
For two-way voice communication, it is very common case that when one party is talking the other part will be listening. In other words, when we see DL talkingspurts, most likely we will see UL silence period at the same time. This also means that the UE will need wake up to receive DL VoIP packet transmission during DL talkspurts, it will also need to receive the DL ACK/NACK signalling for its UL VoIP data transmission for HARQ, even if that is the silence period of DL. (see figure 1). 

Since VoIP packet is sending out in a regular pace of one per 20ms, it makes sense to have a DRX level with 20ms period, for both talkspurt and silence period. 
3. HARQ and Desired DRX pattern for VoIP 
In the following two figures, we show the HARQ interactions of DL and UL VoIP traffics. We assume that HARQ RTT is 6ms, eNB processing delay is 2ms and UE side processing delay is also 2ms. Based on the current working assumption, DL HARQ will be asynchronous, while UL HARQ will be synchronous. In the figures below, we use color bar with black box around it to show the first transmission. Retransmissions will not have black box. 
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Figure 2. Proposed DRX control
Besides of the HARQ interactions, we also show in the two figures our desired DRX operation pattern. We believe that the UE can decide the time to wake up by the information it has locally. Both of the figures show the desired alignment to UL and DL transmission. 
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Figure 3. Proposed DRX control with DL and UL alignment
To handle DRX for DL HARQ retransmission, we propose to use autonomous DRX transition, i.e. no signaling between eNB and UE. As UE knows whether it received the DL packet transmission correctly or not, UE can go back to sleep after sending ACK for DL data. If UE sends a NACK for DL data, UE can go to sleep for a time period of eNB_processing_delay. After that, UE needs to keep awake,  as DL HARQ is asynchronous, DL retransmission can happen anytime after HARQ RTT. 

To handle DL ACK/NACK reception, we propose autonomous DRX transition as well, since UE knows when it sent out the UL VoIP packet. After sending out a UL data packet, UE can go to sleep for a time period of  eNB_processing_delay.  

4. Autonomous DRX control and UL/DL alignment

The proposed DRX control contains the following main points:

· During VoIP traffic setup, RRC configures the DRX level along with the semi-persistent scheduling physical resource allocation. Typically, scheduling will try to fit the VoIP packets into one TTI. So in such a configuration, DRX interval will be set to 20ms. 

· Such configuration works for both talkspurt and silence period. However, we would argue that such DRX control is not the same to DRX control for NRT as defined in [1]. In VoIP DRX control, the on-period and the DRX circle does not have the same meaning as that for NRT. 
· In DL talkspurt, UE wakes up every 20ms to receive the DL VoIP packet transmission, on-duration is 1 TTI. HARQ retransmission will be handled using the autonomous way defined blow. 

· In silence period, UE wakes up to receive the SID packet as well as ACK/NACK signal for UL transmission (1st transmission), on-duration is 1 TTI. Expect for the SID packets, there will be no DL HARQ retransmissions as there is no DL data. During silence period, SID packet transmits once per 160ms. 
· Autonomous DRX control will be used to receive DL VoIP HARQ retransmissions, while the 1st transmission will be controlled by 20ms DRX cycle. Autonomous DRX control will be used for DL ACK/NACK reception. 
However, with the above discussed DRX control, we still cannot have the desired DRX pattern as shown in Figure 2 and 3. In order to achieve this desired DRX, we need to align the DL transmission and UL transmission carefully. Figure 2 and 3 shows two different ways to align VoIP UL and DL transmissions. In Figure 2, UL VoIP transmission occurs eNB_processing_delay (here is 2ms) before the DL transmission. This makes DL transmission of VoIP send in the same TTI with DL ACK/NACK (of UL VoIP data transmission). Since UL HARQ is synchronous, this two DL transmission will happen always in the same TTI. UL retransmission is sent in the same TTI for UL ACK/NACK (of DL transmission ).
In figure 3, we align UL and DL VoIP transmission (VoIP 20ms circle) by allowing UL UE_processing_delay (2ms) after DL.  This makes UL transmission of VoIP send in the same TTI with UL ACK/NACK (of DL VoIP data transmission). If DL retransmission is sent without more delay in eNB, the alignment will also make the DL retransmission send in the same TTI for DL ACK/NACK (of UL transmission ). 

For infrequent large DL IP packets, dynamic scheduling has to be used, which will override the persistent scheduled resource allocation. For such kind of cases, since data packet cannot be transmitted within one TTI, the DRX control scheme proposed in this contribution will be temporarily suspended for that DL data transmission. One approach is to let UE in continuous reception before the whole dynamic scheduled packet received (or exceed HARQ retransmission limit).  As UE knows the dynamic scheduling from L1/L2 control, this can be done fairly easily.
5. Proposal
We reviewed DRX control for VoIP based on discussion of UL/DL interaction in this contribution. The following is a summary of our proposal –
Proposal 1: VoIP DRX control should adopt one DRX level of 20ms, for both talkspurts and silence periods. The concept of DRX cycle and on-period here is different than those for NRT DRX. 
Proposal 2: Autonomous DRX control should be used for DL HARQ retransmissions and DL ACK/NACK reception. 

Proposal 3: UL and DL should be carefully aligned to make sure UE can save most power consumption during the two-way VoIP calls. Example of such alignment is proposed. 
We urge RAN2 to discuss and agree on these proposals. 
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