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1. Introduction

In this contribution we provide some considerations on DRX for LAA LTE. 
2. Discussion
In the RAN2#89 and RAN2#89bis meetings, DRX for LAA was discussed resulting in the following agreement [1]:
· Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times. 
The DRX procedure is an important feature designed to allow UE to conserve power during periods of data inactivity or when the eNB does not intend to schedule the UE. A UE configured with DRX only monitors the DL control during certain Active time periods which are configurable by the eNB. 
In LAA operation under LBT, unlike in a licensed carrier, the eNB does not have full control of the channel availability for scheduling the UE. Hence, DRX operation under LAA has the following distinct features relative to licensed carrier DRX:

1. For a same total Active time of the UE, the number of scheduling opportunities by the eNB in LAA is  reduced;

2. For the same the number of scheduling opportunities by the eNB, the UE’s Active time in LAA should be increased

Clearly, the eNB’s scheduling opportunities and UE’s Active time should be carefully balanced in order to avoid unnecessary UE wake-up which would impact the UE’s battery power. As shown in Figure 1, configuration of short Active times (as in DRX configuration 1) may lead to extended periods of scheduling interruption due to LBT, resulting in potential throughput loss on the LAA SCell. To mitigate the scheduling interruption due to LBT, an increase in the UE Active time is required, as shown in DRX configuration 2. 
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 Figure 1: Impact of DRX and LBT on scheduling  
Observation 1: In order to prevent long periods of scheduling interruption on the LAA SCell, DRX Active times on an unlicensed carrier should be longer (relative to Active times on a licensed carrier).
However, due to unpredictability of LBT the increase in UE Active time would also lead to an increase in unnecessary wake-ups by the UE (i.e periods of time when the UE is active but the eNB cannot schedule on the LAA SCell). For a power efficient DRX operation, unnecessary wake-ups by the UE should be minimized. 
Consider the case when the UE has VoLTE and best-effort data traffic. Since VoLTE has strict latency and coverage requirements, it is best served on the licensed carrier. Data traffic on the other hand can tolerate larger delays and hence can be offloaded to the unlicensed carrier.

A typical DRX configuration for VoLTE is to set the DRX onDurationTimer = 2ms, drx-InactivityTimer  = 2ms and the DRX cycle to 40ms. Hence, for VoLTE traffic the resulting UE’s Active time is ~10%. 

For data traffic, typical settings are onDurationTimer =10ms, drx-InactivityTimer =100ms and DRX cycle = 320ms. For LAA, in order to avoid the problem of long interruption delay at the beginning of the data transfer, the OnDuration needs to be larger. The next configurable value for onDurationTimer is 20ms.  
With a common DRX Active time across licensed and unlicensed carriers, the DRX cycle would  be upper bound by the VoLTE delay requirement – i.e, DRX cycle = 40ms – while the onDurationTimer is lower bound by the scheduling interruption caused by LBT, i.e  onDurationTimer =20ms. Therefore, a common DRX configuration would result in a total Active time of the UE of at least 50%, a 5 times increase in the UE’s power consumption one the licensed carrier (where only VoLTE traffic is being served). Such increase on the power consumption on the licensed carrier would bring almost no additional benefit once the available scheduling opportunities on the unlicensed carrier is increased to account for LBT. 

Observation 2: A common DRX Active time across licensed and unlicensed carriers could dramatically increase the UE’s power consumption on the licensed carriers in typical use-cases and without any clear performance benefits.
Since the goal is to increase the number of scheduling opportunities on the unlicensed SCell, a more natural and power-efficient approach is to allow configuration of separate DRX across licensed and unlicensed carriers, as shown in Figure 2. Note that starting from Rel. 12, separate DRX configuration is already possible in dual connectivity scenario, due to dual MAC entities configured at the UE. Since the MAC operation for the unlicensed carrier under LBT is fundamentally different from the licensed MAC operation, it is natural to consider separate DRX configurations as well. Furthermore, similar to the dual connectivity case, it is also power beneficial to overlap any common Active time across the carriers in order to minimize DRX transitions and interruptions (glitches). This could be achieved, for example by aligning the DRX offset across the DRX configurations.  
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Figure 2: Independent DRX configuration across LBT and non-LBT carriers  
In view of the analysis above we propose that:
Proposal: RAN2 considers separate DRX configuration across licensed and unlicensed carriers for LAA LTE.
3. Conclusion
In this contribution we provide analysis of DRX for LAA LTE and consider the impact of a common DRX on the performance and battery savings of the UE.  Based on the analysis, the following proposal is made:

Proposal: RAN2 considers separate DRX configuration across licensed and unlicensed carriers for LAA LTE.
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