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1
Introduction
UE battery life is a critical component of overall user satisfaction. It is therefore essential that LTE procedures defined to improve power savings - such as DRX - indeed achieve this goal efficiently and without forcing the UE to unnecessarily waste battery power. VoIP over LTE (VoLTE) power optimization relies on the LTE DRX functionality and increasing the off duration (the time when UE is not required to monitor PDCCH) directly translates to lower VoLTE power. This becomes challenging during talk spurts, due to large overhead of request, receiving grant, and transmission. SPS is generally viewed as a feature for increasing network capacity and not as a power saving feature. In this contribution, we propose enhancements to address the uplink scheduling challenges and provide some options for increasing the off time with SPS grants during VoLTE talk time. 
2
LTE uplink scheduling  
Details of DRX configurations and uplink grant scheduling can be found in [1]. In this section we briefly discuss different scenarios.

Below shows a typical timeline for dynamic scheduling:
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It may be possible to reduce the overhead using semi-persistent scheduling (SPS). With SPS there will be two savings:

· The delay between UE sending SR and getting the grant (variable – typically 2-4msec). This can also be removed using sr-mask and periodically giving grants using dynamic scheduling.
· The 4msec between PDCCH and PUSCH.
This amount of saving is significant especially considering 20 or 40msec DRX cycle that can be used with VoLTE. Figure below shows the timeline for SPS:
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Ideally, the SPS operation with connected mode DRX should look as follows:
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As can be seen in the above figure, in the ideal timeline, PUSCH transmission should occur on the first sub-frame of on-duration.

The difficulty with getting the above timeline is the activation of uplink SPS. Note that:

· The activation has to occur within the active period

· There is a 4msec delay between activation of SPS and when PUSCH is sent. So if PUSCH is to be sent at subframe n, the activation command should come at subframe n – 4.

· SPS and DRX will typically have the same period (20 or 40msec)
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The above shows an example timeline of SPS activation and how the SPS transmissions fall out of the 4msec on duration and therefore extending the active time. Below we discuss some possible solutions.
2.1 eNodeB based solution 
eNodeB can send the activation 4msec before the first subframe of the on-duration. This requires the UE to be listening to PDCCH 
This option requires the eNodeB to keep the UE awake during the “previous” DRX cycle just before SPS activation. This can be achieved by sending smaller grants to the UE in order to re-start the inactivity timer. No standard change is required for this approach, but introduces further complexity in eNodeB scheduler plus the additional power hit on the UE side.

2.2 Specify the offset using MAC CE 

This can be done through the introduction of a new MAC control element. MAC control element can work as follows (note that this is just an example). eNodeB can send the MAC control element at any time before activating uplink SPS. This MAC control element would specify an offset (say x). Upon activating the uplink SPS, the first transmission occurs 4msec after PDCCH activating uplink SPS. The subsequent transmissions will occur at subframe with offset x.
Other methods for controlling the timing of SPS grants:

1) Explicit indication of offset of activation time relative to on-duration ( the offset is a with respect to the 1st slot of the on-duration.

2) Indicator to signal alignment to the on-duration ( one bit to signal that the transmissions should occur at the 1st slot of the on-duration as indicated by DRX parameters.

3) Explicit indication of starting SFN/SubFN of activation time 

2.3 Use RRC signaling to specify an offset 

In this option a new field will be added to the uplink SPS configuration parameters to specify an offset for uplink SPS transmissions. Upon activation of uplink SPS using lower layer signalling, the firth transmission can occur 4msec after activation and subsequent transmissions occur using the offset specified in RRC signalling. This will allow the DRX on-duration to be aligned with SPS grants.
4
Conclusions

In this contribution, we discuss the issue with SPS activation and its impact on extending the “active time”. Three possible solutions are presented as follows.  
Alternative 1: eNodeB sends SPS activation 4msec before on-duration. eNodeB has to ensure that SPS activation is done during DRX “active time” when UE is monitoring PDCCH.
Alternative 2: Use MAC control signalling to specify where the SPS transmissions should occur.
Alternative 3: Fix the SPS timing through RRC signalling.
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