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1 Introduction

In 3GPP TSG RAN #68 meeting, the work item of “New Work Item on Licensed-Assisted Access to Unlicensed Spectrum” was approved for Release 13 study [1]. The detailed objectives of the work item are to specify support for the following functionalities:
· Channel access framework including clear channel assessment
· Discontinuous transmission with limited maximum transmission duration

· UE support for carrier selection
· UE support for RRM measurements including cell identification
· AGC, coarse and fine time and frequency synchronization
· Channel-State Information (CSI) measurement, including channel and interference
In this contribution, we focus on the discontinuous transmission discussion and give the views on the indication of DL transmission burst duration for LAA.
2 Discussions
It was emphasized in [1] that the LAA work item should only specify support for LAA SCells operating with DL transmissions. In the following, the necessity of support indication of DL transmission burst as well as the potential solutions to support this indication will be discussed. 
2.1 Necessity to support indication of DL transmission burst duration
As analyzed in [2], the indication of DL transmission burst can help UE determine all the DL subframes of a DL transmission burst. Therefore UE only needs to monitor (E)PDCCH over the unlicensed carrier in the known actual downlink subframes. In other subframes, UE can determine the start of DL transmission burst via other mechanisms such as initial signal detection as discussed in a companion contribution [3]. This would benefit the UE power consumption comparing to the blind detecting for DCI information on all subframes as discussed in [4], which is a complexity and waste of power on those non-transmission subframes, or potential UL subframes in the future. On the other side, some contributions mentioned that there is no need to introduce the DL burst indication because UE can blindly detect CRS at least in the first OFDM symbol in every subframe to determine whether DL subframe is available or not [4]-[6]. In this case, the power consumption may be saved to avoid blind detection on (E)PDCCH. However based on the simulation results evaluated in the companion contribution [3], it is observed that detection of CRS in the first OFDM symbols is not reliable for cell detection. Therefore, indicating the DL transmission burst is needed and beneficial for UE power consumption.
Furthermore, if the UE is aware of the potential starting positions of DL transmission burst, e.g., an indication is conveyed to the UE when the ECCA counter reduces to a small value, the UE could blindly detect the starting position after this indication, which will further reduce UE power consumption. Note this indication could be sent after UL transmission burst so that the UE would save the blind detection during UL transmissions.  
On the other hand, the indication of DL transmission burst can also help UE to monitor the reference signals to perform fine synchronization as well as CSI measurement. It would help UE to identify the valid periodic CSI-RS resources [7]. 

In summary, the indication of DL transmission burst can help UE determine all the subframes of a DL transmission burst and accordingly benefit the following:

· UE power consumption to avoid blind detection of (E)PDCCH on unnecessary subframes
· Synchronization maintenance
· CSI measurement
The additional indication of the potential starting position of DL transmission burst can further benefit UE power consumption to avoid blind detection in the UL subframes and in the DL subframes with large residual eCCA counter. 
Proposal 1: An indication should be provided to the UE to determine all the subframes of a DL transmission burst.
Proposal 2: An additional indication of the potential starting position of DL transmission burst should be provided to the UE to further avoid blind detection in the UL subframes and in the DL subframes with large residual eCCA counter. 
2.2 DL transmission burst(s) configurations 

A UE can know the duration of a DL transmission burst by acquiring the starting position and ending position of the DL transmission burst. There are several options to determine the starting and ending positions for each DL transmission burst containing at least PDSCH.

Options to determine the starting position
After last RAN1 meeting, an email discussion was held to discuss LAA cell detection and synchronization [8]. The detailed analysis for these options is discussed in the companion contribution [3] and it was proposed that initial signal should be designed for cell detection at the start of a DL transmission burst from the aspects of reducing detection complexity and ensuring the detection reliability. 
Proposal 3: Utilizing initial signal detection to determine the starting position of DL transmission burst.
Options to determine the ending position
1) Option 2-A: Indicate the duration of the DL transmission burst 

Combining the determined starting position and an indication of the duration of DL transmission burst, the ending position of DL transmission burst can be known. Considering that the DL burst length may vary due to retransmission or scheduling decisions, eNB may have to change the transmission burst duration and convey the information to the UE during the DL transmission burst. 
2) Option 2-B: Indicate the ending position before the end of DL transmission burst
In this case, UE can assume the subframes after UE acquires the starting position of DL transmission burst are all within the DL transmission burst until it receives the signaling to indicate the ending position. The signaling is suggested to be carried by the last subframe of DL transmission burst as a common DCI.

3) Option 2-C: No indication of the ending position or duration of the DL transmission burst.
In this option, UE assumes the DL transmission burst ends when the maximum transmission duration is finished. However since the channel reservation signals are added before the start of data transmission, UE may not know the actual duration of the channel reservation signals and thus does not know the exact ending position of the DL transmission burst. From this aspect, this option may not be feasible. 

In summary, from the feasibility of indication and the robustness point of view, it is preferable to choose Option 2-B to determine the ending position.
Proposal 4: Indicating the ending position in the last subframe of DL transmission burst. 
Finally, one concern on the indication of DL transmission burst is the feasibility of this indication for UE with DRX. When UE wakes up from DRX during DL transmission burst, it will miss the initial signal. For this kind of UE, it can keep detecting on the initial signal until the next DL transmission burst. Certainly, this UE would not be scheduled in the current DL transmission burst. The UE can be scheduled on the licensed carrier to trigger continuous reception in order to ensure keeping awake until the next DL burst. By this way, UE would receive the indication of next DL transmission burst. Therefore the benefit provided by this indication can also be ensured, such as to keep synchronization maintenance, power consumption to avoid blind detection on control channels.
3 Conclusion
In this contribution, the merits of indicating DL transmission burst include:

· UE power consumption to avoid blind detection of (E)PDCCH on unnecessary subframes
· Synchronization maintenance
· CSI measurement
According to the discussion, the following proposals are obtained.

Proposal 1: An indication should be provided to the UE to determine all the subframes of a DL transmission burst.
Proposal 2: An additional indication of the potential starting position of DL transmission burst should be provided to the UE to further avoid blind detection in the UL subframes and in the DL subframes with large residual eCCA counter. 
Proposal 3: Utilizing initial signal detection to determine the starting position of DL transmission burst.
Proposal 4: Indicating the ending position in the last subframe of DL transmission burst. 
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