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1 Introduction

In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum was approved [1]. The RAN2 objective is given as follows. 
Identify the need of and, if necessary, evaluate needed enhancements to the LTE RAN protocols to support deployment in unlicensed spectrum for the scenarios and requirements described above [RAN2]
For LAA, it is important to enable an unlicensed carrier working as an opportunistic aggregated SCell to improve the UE efficiency. In this contribution, UE power saving for  LAA is discussed, and concluded that further study is required in RAN2. 

2 Discussion
For LAA, due to the LBT functionality and channel uncertainty when contending with nearby LAA or Wi-Fi nodes, the reduction of UE power consumption becomes important. Typically, it would be an energy waste for the LAA UE to monitor the (e)PDCCH of the unlicensed SCell while the carrier is sensed busy by the eNB and could not be used for transmission.  
DRX or deactivation are mechanisms that exist today that could potentially be used for power saving.  The relevance of these in LAA context is discussed below.

In LTE CA, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). That means, when the UE wakes up, all component carriers will be woken up and have the same active time from this UE perspective. If the LAA UE follows the same CA principle, there are some issues to consider. 
a) If the PCell is at active time while the unlicensed carrier is sensed busy by the eNB, the UE is unfortunately required to continuously detect the (e)PDCCH over the unlicensed carrier. 
b) Due to the LBT regulations [2], the unlicensed carrier is allowed to be occupied for the maximum channel occupancy time when the CCA check succeeds. For example, in Europe, the maximum channel occupancy time is 10ms for FBE-based access and 13ms for LBE-based access. In Japan, this value even becomes 4ms. When the channel occupancy time ends while the PCell is at active time, the LAA UE is required to continue to monitor the (e)PDCCH over the unlicensed carrier if following the same CA DRX procedure.
Hence, the following observation is made. 
Observation #1: if LAA Cell follows the same principle as LTE CA and has the common DRX operation as PCell, the UE is required to monitor the unlicensed SCell while it cannot be used due to the unsuccessful CCA check, and this incurs UE power wastage. 
Currently, DRX command MAC control element or long DRX command MAC control element is used to stop the onDurationTimer and drx-InactivityTimer, which allows the UE to enter into energy saving state. However, there are some issues if LAA reuses the MAC command to improve the UE power efficiency when the unlicensed SCell could not be used. First, this MAC command applies to all serving cells thus could not be used to indicate one particular unlicensed serving cell which could not be used. Second, considering the maximum channel occupancy time as indicated above and MAC signaling latency (typically in terms of tens of milliseconds), the MAC control element may not be fast enough to capture the channel occupancy ending time so as for the UE to quickly enter into DRX towards the unavailable unlicensed SCell. Further, in order to notify all active UEs on the unlicensed SCell, the MAC command is required to be sent many times in a brief period. 

Another possible option is for the network to activate and/or deactivate configured SCells to save UE power consumption using the Activation/Deactivation MAC control element. Hence this MAC command could be possibly used to notify UEs that one particular unlicensed SCell is available due to the successful CCA check or unavailable because of maximum channel occupancy time limitation. However, similar to the DRX command, the Activation/Deactivation command typically costs tens of milliseconds time, which make it little hard to be used for LAA. Specifically, as the eNB could sense the channel free at any time, the activation MAC command is not quick enough for UEs to acquire the channel on time. Also because the channel occupancy time is limited to several milliseconds, the deactivation MAC command is not possible to capture the channel occupancy ending time. Further, this command is required to be sent to all UEs configured with the SCell in a short time, which creates large signalling overhead. 
Based on the above discussion, the following observation can be made:
Observation #2: Current DRX solutions cannot provide UE power reduction for unlicensed scells.  DRX commands and activation/de-activation MAC CEs are not fast enough or scalable to be applicable for unlicensed cells.
Based on the analysis above, it is necessary for RAN2 to discuss a mechanism to improve the UE power efficiency for LAA. We make the following proposal. 
Proposal: It is proposed to discuss solutions to improve the UE power efficiency over unlicensed SCells. 
3 Conclusion

 It is recommended that RAN 2 discusses the following observation and proposal:
Observation #1: if LAA Cell follows the same principle as LTE CA and has the common DRX operation as PCell, the UE is required to monitor the unlicensed SCell while it cannot not be used due to the unsuccessful CCA check, and this incurs UE power waste. 
Observation #2: Current DRX solutions cannot provide UE power reduction for unlicensed scells.  DRX commands and activation/de-activation MAC CEs are not fast enough or scalable to be applicable for unlicensed cells.
Proposal: It is proposed to discuss solutions to improve the UE power efficiency over unlicensed SCells. 
4 References
[1] RP-141664, “Study on Licensed-Assisted Access using LTE,” Ericsson, Qualcomm, Huawei, Alcatel-Lucent, RAN#65, September 2014.

[2] ETSI EN 301 893 V1.7.1, Harmonized European Standard, “Broadband Radio Access Networks (BRAN); 5 GHz high performance RLAN”, June 2012

