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1. Introduction 
In the recent RAN2 meetings, the semi-persistent scheduling is adopted for VoIP for both the uplink and downlink. The interactions between the DRX and the semi-persistent scheduling should be carefully analyzed in order to improve the spectrum efficiency and UE’s battery power.   
2. Discussion and Proposal
One of the key issues is whether the dynamic scheduling is used during a VoIP session. Given the following considerations, it seems dynamic scheduling will still be used in the VoIP quite significantly. 

1) Infrequent large IP packet delivery. This may include the uncompressed IP packets, RTCP packets, SIP/SDP packets, etc. Large IP packets (could be several hundreds of bytes and may have high priority) should be handled by the dynamic scheduling. 

2) RRC Signaling message. These messages should be also handled by the dynamic scheduling and some of them may have relative high priority. For example, handover related messages such as measurement reports.

3) In the case of mixed service, the dynamic scheduling may be used extensively.    

Therefore, the UE may need to monitor the layer 1 control channel elements (CCEs) continuously for dynamic scheduling grants even though the UE is only involved in a VoIP session.

Another important factor is that VoIP is a symmetric service; therefore, DRX control should consider both the uplink and downlink activities. Note that if the UE is in the DRX mode, the UE may not be able to transmit on the uplink (no uplink transmission during the DRX mode). 

2.1 Downlink Considerations  

In the talk-spurt period, if without dynamic scheduling, the UE can wake up regularly to blind-detect its data in the semi-persistently allocated resource at the pre-defined interval (say every 20ms) while entering “sleeping” mode at other times. However, given that other data (e.g. VoIP retransmissions) may arrive via dynamic scheduling, the UE needs to continue monitor the CCE of all sub-frames. In the full dynamic scheduling case, this may rule out the possibility of the DRX since UE needs to continue monitoring the layer 1 CCE for dynamic scheduling grants for possible data coming.  
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Figure 1. Dynamic Scheduling vs. Semi-persistent scheduling

Obviously, this will not allow UE battery power savings and DRX cannot be efficiently used, especially for the VoIP only service. To efficiently support the DRX in VoIP active mode in order to reduce the battery power consumption, the following way is proposed (for users only involved in VoIP session). 
Note that the dynamic scheduling during a VoIP session is quite infrequent, such as RTCP packet, SIP/SDP packet, uncompressed packets, etc. When the UE wakes up after the “sleeping mode”, the UE will not only blind detect its own VoIP data on the semi-persistently allocated resource, but also will detect all the CCEs during an extended awake period. The ENB will configure the UE with this DRX behavior, and all the dynamic scheduling will occur only in this “awake window”. For example, the UE may sleep every 15ms, and then wake up for 5ms to continuously receive data. The DRX period is 20ms. During this “awake” 5ms window, the UE will blind-detect its VoIP data on the semi-persistently allocated resource and also the UE will monitor all the CCEs. The ENB understands this DRX configuration and will schedule the associated dynamic packets such as RTCP, SIP/SDP, etc, during this 5ms awake window.  When the retransmission occurs, the UE will be in continuous mode by default. 
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Figure 2. Awake Window for dynamic scheduling in DRX mode.

2.2 Uplink semi-persistent alignment with Downlink for DRX  

 Considering that VoIP is a symmetric service, when the uplink VoIP transmission happens, the UE will automatically enter the continuous mode by default. However, it is much better to “align” the uplink semi-persistent transmission and downlink semi-persistent transmission in the same “awake” window. By this way, the UE can realize much efficient DRX behavior. For example, UE may be configured to sleep every 15ms, and then wake up for 5ms, during this 5ms awake window, UE will receive DL semi-persistent reception if available and make uplink semi-persistent transmission if available. The UE will also detect all the DL grants and possibly make uplink additional resource requests. In case of retransmissions (both the DL and the UL), the UE should enter the continuous mode by default.   Note that both the uplink and downlink VoIP have the same traffic characteristics (every 20ms), hence the ENB can easily align the semi-persistent allocation for the DL and UL.   
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Figure 3. Uplink/Downlink/DRX
By this approach, even in the active mode, the UE can be in DRX mode most of the time. Only during the awake period, the UE needs to monitor the Layer 1 CCE on the downlink and may request more resources on the uplink. This can obviously save UE’s battery’s power. Considering the large IP delivery for VoIP session is very infrequent, the saving could be significant. The disadvantage for the method is that the dynamic scheduling could be delayed by additional 10ms on average. 
The DRX state transition diagram is shown in shown in the following Figure 4. It is seen when there is no uplink and downlink transmission, the UE only needs to monitor the DL CCE for dynamic scheduling during the awake period. 
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Figure 4. DRX STD for VoIP.
2.3 Silence period
Due to the symmetric behavior of VoIP, the idle period of the uplink and the idle period of the downlink may never be the same. Further, uplink transmission may require downlink reception of the NACK/ACK/CQI information. The “real” idle period that is useful for the DRX is both uplink and downlink are idle (i.e. the UE is in DRX and DTX modes simultaneously). Obviously this is not the case for VoIP. Therefore, the DRX control of VoIP should be identical for both the idle period (whatever is idle) and active period (whatever is active). That is: same DRX control for a VoIP session and configured by the network. Note that DRX is UE’s entire behavior, not associated with uplink or downlink. 

3. Conclusion
We suggest: 
1) Same DRX control for idle and active mode for VoIP, which is configured by the network. An example could be: DRX period is 20ms with sleep period equal to 15ms while awake period equal to 5ms (maximum would be 18ms awake period, optimum awake period is FFS).
2) Both dynamic scheduling and semi-persistent scheduling should be made during the awake period for both the DL and UL. The awake period may be extended to cover dynamic scheduling.  
3) During awake period, on the downlink, UE detects its VoIP payload by blind detection and also detects all the CCEs for additional grants (dynamic scheduling);

4) During awake period, the UE makes its transmissions over semi-persistently allocated resource and may make additional resource requests (for dynamic scheduling).

5) The retransmission should enable continuous mode operation by default. Further, the mixed service may also enable the continuous mode operation which is dependent on the traffic QoS (FFS). 
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