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1 Introduction

In RAN2#89 meeting common DRX operation for LAA was agreed as a baseline. This contribution is discussing the impacts of the uncertainty of the channel availability on the unlicensed cell as determined by the clear channel assessment (CCA) procedure on the common DRX operation. 
2 Discussion
In RAN2#89 meeting common DRX operation for LAA was agreed as a baseline until further studies reveal that it would result in a need for very short DRX cycles/very long Active times.
Common DRX basically means that the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring), i.e. licensed and unlicensed cells. In other words there is a common DRX applied to all the aggregated serving cells. The advantage of using a common DRX scheme also for LAA is obviously that no new mechanism needs to be investigated and specified. The DRX procedure introduced in Rel-10 for carrier aggregation can be simply reused. Essentially from DRX point of view an unlicensed cell is treated like a legacy SCell. Furthermore another advantage of the common DRX operation is that it inherently supports the case where the unlicensed cell is scheduled from another (licensed) cell since all cells are for the same subframes in Active Time. 

However the difference to the legacy carrier aggregation, i.e. aggregating only licensed cells, is that due to the LBT protocol there is no guarantee that the channel on the unlicensed cell is obtained for scheduling the UE at the exact moment desired by the eNB. In addition, even if CCA succeeds, the transmitter (i.e. eNB) can only be occupying the channel for limited time duration due to the requirement on the limited maximum transmission duration given by the regulations. This has also certain impacts to the common DRX operation which need to be considered. The overall understanding is that the UE should be in Active Time when eNB can access the channel on the unlicensed cell, i.e. after successful CCA, and schedule a DL transmission. This basically means that the UE must be kept for a longer time in DRX Active Time, e.g. during the IDLE times between two transmissions on the unlicensed cell where the channel is busy, since it’s unclear when the next transmission opportunity on the unlicensed cell occurs. So far the DRX timers and configurations have been set in accordance to the traffic characteristics and QoS requirements. The assumption is that this is still the case also for LAA scenario. Given the certain limitations in the transmission opportunities on an unlicensed cell due to the regulations, i.e. LBT and limited maximum transmission duration, there might be the situation that eNB needs to keep the mobile “awake” (keep the mobile in Active Time) for quite some significant period of time in order to ensure that the mobile is in Active Time when next transmission opportunity on LAA cell comes. This will obviously increase the overall power consumption of the mobile in particular for the common DRX operation where Active Time is the same for all cells. Some exemplary scenario is shown in the figure below.
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UE is kept in ACTIVE TIME by PDCCH (DRXInactivity Timer running)
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As can be seen during the first OnDuration period, after successful CCA, eNB schedules DL transmissions on the unlicensed cell for the maximum allowed transmission duration. The assumption is that cross scheduling from PCell is configured. After the first data transmission burst there is a certain IDLE time on the unlicensed cell, where eNB cannot get transmission opportunities due to other transmission nodes occupying the channel. Still during this IDLE time (since there is data ready for DL transmission on LAA cell) the UE needs to be kept in Active Time. This will increase the overall UE power consumption as mentioned already. Keeping the mobile in Active Time is achieved by sending PDCCHs (and related PDSCHs) on the PCell which will in turn start the drx-InactivityTimer. Depending on the length of the IDLE time on the unlicensed cell and the drx-InactivityTimer value quite a significant number of PDCCHs/PDSCHs need to be scheduled. Hence keeping the UE in Active Time during those IDLE times on the unlicensed cell will not only come at the cost of an increased UE power consumption but will also increase the signalling overhead (PDCCH/PDSCH) and reduce the PDCCH capacity. 
Setting a longer drx-InactivityTimer value or shorter DRX cycles will also not help since it will obviously increase the total UE power consumption, in particular during those time periods when there is no transmission activity on the unlicensed cell, i.e. when unlicensed cell is deactivated. 
Observation: Common DRX operation for LAA will come at the cost of an increased UE power consumption and increased signalling overhead (PDCCH/PDSCH) due to the uncertainty of the channel availability on an unlicensed cell.
3 Conclusions

This contribution is discussing DRX operation for LAA. It’s proposed to agree on the following observation:
Observation: Common DRX operation for LAA will come at the cost of an increased UE power consumption and increased signalling overhead (PDCCH/PDSCH) due to the uncertainty of the channel availability on an unlicensed cell.
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