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1. Introduction

In RAN#68, LAA work item has been approved for LTE Rel-13 standardization where it was agreed only DL transmission is supported in Rel-13 [1]. During the LAA study item, DL/UL subframe structure in a transmission burst in LAA and the necessity of indicating transmission burst structure to the UE were discussed [2]. In this paper, we briefly discuss whether DL transmission burst should be indicated to the UE or not.

2. Indicating DL TX burst for (E)PDCCH/PDSCH decoding
There were suggestions on indicating structure of each TX burst dynamically to all the UEs in an unlicensed carrier cell, which may include the information of start and length of the TX burst and DL/UL subframe allocation within the TX burst. Since Rel-13 LAA should only support DL transmission, the discussion can be limited whether existence and length of DL TX burst should be indicated or known to the UE. Then the follow-up UE behaviour after receiving an indication of TX burst should be the UE try detecting (E)PDCCH and the consequent PDSCH during the TX burst duration while the UE doesn’t try detecting (E)PDCCH or PDSCH on unlicensed carrier for the other time duration.
We analyze the potential merits and demerits of such an approach:

Potential merits:
· UE power saving by reducing the time duration for (E)PDCCH detection

· Since MAC-level cell activation/deactivation can already achieve UE power saving regarding (E)PDCCH detection, it is unclear if additional algorithm to reduce UE power consumption regarding (E)PDCCH detection is necessary

· Allowing inter-subframe CRS interpolation for the demodulation of PDCCH/PDSCH within a TX burst

· UE should be able to demodulate PDCCH/PDSCH without inter-subframe CRS interpolation at least in the first subframe of a TX burst. Therefore, the benefit cannot be always achieved and the reason to mandate indication or detection of every TX burst for this purpose cannot be strong.

Potential demerits:

· Necessity of robust common signal for 2-step scheduling
· Since PDSCHs scheduled in a TX burst will be wasted if UEs scheduled in the TX burst cannot correctly detect the common signal indicating TX burst, the common signal should be designed to be very robust. Moreover, the robustness may not be always guaranteed due to the unpredictable interference environments in unlicensed carrier

· Increased overhead due to 2-step scheduling

· Necessity of common signal for every TX burst will increase the DL overhead significantly. For example, in case of maximum channel occupancy time of 4ms, common signal should be transmitted in DL for every 4ms TX burst
Suggestion 1: It is not recommended introducing a common signal dedicated to indicate each TX burst where UE should try decoding (E)PDCCH/PDSCH or not.
3. Indicating DL resource for CSI measurement

Independently of the indication of DL burst, it should be discussed how the UE should know the existence of CRS/CSI-RS/CSI-IM and how the UE should know the serving eNB’s transmission period for the interference measurement for CSI.

As discussed in another paper [3], DL resource for CSI measurement may be decided by UE by detecting appropriate DL RS for CSI measurement, which requires no explicit restriction to the CSI measurement resources as in normal CSI measurement procedure in Rel-12. Or else, DL resource for CSI measurement can be restricted, for example, related to the aperiodic CSI triggering or periodic CSI report timing to ensure the validity of CSI report of the UE at eNB side. In any cases, UE may report OOR or lowest rank indicator when it could not find appropriate CSI measurement resource in the end.

Additionally, it can be considered indicating subframes for CSI measurement by common DCI if enhancement to the CSI measurement is deemed to be necessary for unlicensed carrier. However, eNB doesn’t need to restrict its DL transmission within signalled CSI measurement subframes

Suggestion 2: Without explicit indication of DL resources for CSI measurement, UE may detect DL resources for CSI measurement and/or eNB may assess validity of the CSI report with some restriction on the CSI measurement resource. Additionally, enhancement can be considered by common signaling which indicates DL resources for CSI measurement.

4. Summary and conclusions

In this paper, we discussed necessity of indicating transmission burst structure to a UE in unlicensed carrier. The suggestions are summarized as follows.
Suggestion 1: It is not recommended introducing a common signal dedicated to indicate each TX burst where UE should try decoding (E)PDCCH/PDSCH or not.

Suggestion 2: Without explicit indication of DL resources for CSI measurement, UE may detect DL resources for CSI measurement and/or eNB may assess validity of the CSI report with some restriction on the CSI measurement resource. Additionally, enhancement can be considered by common signaling which indicates DL resources for CSI measurement.
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