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1 Introduction

Requirements and high-level principles for control schemes for DRX in LTE_ACTIVE have been discussed at recent RAN2 meetings, as well as on the RAN2 reflector [1]. The resulting agreements are captured in [2], and apply mainly for non real-time traffic in that:

· The DRX scheme is per UE,
· The DRX scheme is the same for downlink and uplink,
· More than one level of DRX can be configured,
· DRX is configured using RRC signaling (network controlled), and
· Transitions can be explicit using MAC signaling (network controlled) or implicit using inactivity timers (autonomous, following rules).
Note here that no stage 2 agreements have yet been made with respect to DRX and VoIP in RAN2.

This contribution revisits the DRX discussion with respect to real time, and especially VoIP, services. It aims to evaluate current Stage 2 agreements on DRX for non real-time services with respect to their applicability for real-time services as well as to highlight a number of important considerations for the Stage 3 work.
2 DRX Considerations for VoIP services
There are a number of key points to consider for the DRX control scheme with respect to VoIP. Some are general to the DRX scheme but have more impact on real-time services than on best-effort traffic, while others are more specific to real-time services.
Handling of silence periods

At any time during a silence period, a packet containing speech data (first packet of a speech burst) can arrive for transmission. In this respect, the DRX period used when the service is in silent mode should be based on the maximum delay requirements of the service, not on the expected traffic pattern of the traffic. Based on this, a DRX period that is the same for the silent mode as for the active mode may be best suited for VoIP traffic. This implies that it could be desirable to have the possibility to configure the DRX scheme with one single DRX level for VoIP services.
Contribution to end-to-end Delay

A DRX scheme should not delay a packet by an amount of time that is larger than what can be tolerated for the service, taking into account the total end-to-end delay. This implies that it shall be possible to configure the DRX scheme using a DRX period for the longest DRX level that is less than the maximum allowed additional delay that can be introduced to the VoIP service, e.g. a DRX period in the range of 20-40ms could be suitable.

Contribution to end-to-end Jitter

Handling of variations in delay using jitter buffers is implementation dependent. The impact of the delay added by the DRX scheme to the first packets a speech burst may have a negative impact on the quality of the service. It could contribute e.g. to some packets being dropped and not played out, as well as bias the functions that regulate the handling of jitter over time.

Interactions with scheduling and impacts on capacity

The interactions of the DRX scheme with the semi-persistent scheduling should be discussed, in terms of synchronization between each other and in terms of scheduling based on radio conditions in their respective impacts on capacity. It must also be possible for the DRX scheme to be synchronized with the semi-persistent scheduling, so that the UE listens to the whole scheduling window and not only to one TTI.
Complexity:

For simplicity, it would be good to have one single DRX scheme that works for RT, NRT and mixed traffic. This scheme may differ only in how they are configured using RRC signaling.

HARQ retransmissions and RLC segmentation

Finally, issues such as how HARQ retransmissions and RLC segmentation are handled when DRX is used must also be investigated; this is an issue that is not specific to real-time services.  Part of the problem comes from that it cannot be predicted how many retransmissions will be necessary for each data unit. For VoIP services, there might be room for optimizations with respect to this and related procedures should be investigated.
For downlink transmissions, after a VoIP frame has been received the UE must be awake at least when a) it transmits the HARQ ACK/NACK and b) if it has transmitted a NACK, when the retransmission is expected. This can be specified outside the DRX pattern, i.e. the UE is awake at the known occasions a) and b) until it has transmitted a HARQ ACK. The UE could optionally go to sleep between these occasions.

The "Go to sleep" criteria could be tied to the HARQ as described above; this would also avoid the need for an explicit "go to sleep request" from the eNB after a VoIP frame is received/transmitted.

For uplink transmissions, a similar behavior could be used, where the UE must be awake at least when the ACK/NACK is expected. If a NACK was received it must also be awake when the retransmission is performed.

Similarly, the UE detecting that it has received an RLC PDU segment could stay awake until at least no further segments are expected.
3 Conclusions

The current stage 2 agreements on DRX control in LTE_ACTIVE based on non real-time services are also applicable to VoIP services.
For VoIP, one level of DRX may be sufficient for real-time services, and the DRX cycle should match the delay requirements of the service; this can be achieved using current stage 2 agreements, through configuration of the DRX mechanism. 
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