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1. Introduction

In RAN1#80bis, DL/UL subframe structure in a transmission burst in LAA and the necessity of indicating transmission burst structure to the UE were discussed [1]. In this paper, we discuss whether and how DL/UL transmission burst structure should be indicated to the UE.

2. Indicating DL/UL TX burst structure 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. 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

· Moreover, to detect start of flexible PDCCH/PDSCH start position [2], UE may have to try detecting DL transmission in every subframe on an activated unlicensed carrier unless eNB can predict the start of PDCCH/PDSCH transmission in the middle of a subframe and indicate it by a common DCI in advance.
· Allowing inter-subframe CRS interpolation for the demodulation of PDCCH/PDSCH within a TX burst

· This could be a merit of indicating TX burst structure to a UE. However, 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 of every TX burst for this purpose cannot be strong.

Demerits:

· Necessity of robust common signaling 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 signaling indicating TX burst structure, the common signaling 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 signaling for every TX burst will increase the DL signaling overhead significantly. For example, in case of maximum channel occupancy time of 4ms, common signaling should be transmitted in DL for every 4ms TX burst in addition to the DCIs for PDSCH scheduling during the 4ms TX burst
Suggestion 1: It is not recommended introducing explicit signaling to indicate each TX burst structure to indicate whether the UE should try decoding (E)PDCCH/PDSCH or not.
3. Indicating valid DL resource for CSI measurement

Independently of the indication of DL/UL burst structure, 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 duration for the interference measurement for CSI.

We discuss this aspect separately for aperiodic CSI and periodic CSI.

aperiodic CSI:

· CSI-triggering DCI may implicitly or explicitly indicate valid CSI resource. However, CSI-triggering DCI only may not be sufficient depending on the further design of aperiodic CSI feedback design. For example, validity as CSI resource of multiple subframes may have to be known to a UE in case where CSI-RS/IM for multiple CSI processes is allocated in different subframes. It should be also investigated interference measurement within single or only a few subframes would be enough for CSI feedback
periodic CSI:

· Since there is no dynamic signaling for triggering periodic CSI feedback, dynamic signaling of valid DL CSI resources is necessary to support periodic CSI. UE may report relevant CSI feedback according to the validity of subframes as DL CSI resources [3].

Considering the discussion above, we can consider signaling of valid DL subframes for CSI measurement (valid CSI subframes) as follows.

· Valid CSI subframes can be indicated by a UE-common DCI on a licensed carrier cell or an unlicensed carrier cell

· DCI for valid CSI subframe may indicate start and duration of valid CSI subframes implicitly or explicitly.

· eNB doesn’t need to restrict its transmission burst within signalled valid CSI subframes
· Other subframes (e.g., subframes with DRS occasion, subframes related with aperiodic CSI triggering, etc.) than indicated by DCI for valid CSI subframe can be also used for CSI measurement depending on the further discussion on the CSI. 

Suggestion 2: Consider signaling of valid DL subframes for CSI measurement (valid CSI subframes) on unlicensed carrier as introduced in this section depending on the further CSI discussion.

4. Summary and conclusions

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

Suggestion 2: Consider signaling of valid DL subframes for CSI measurement (valid CSI subframes) on unlicensed carrier as follows depending on the further CSI discussion.

· Valid CSI subframes can be indicated by a UE-common DCI on a licensed carrier cell or an unlicensed carrier cell

· DCI for valid CSI subframe may indicate start and duration of valid CSI subframes implicitly or explicitly.

· eNB doesn’t need to restrict its transmission burst within signalled valid CSI subframes

· Other subframes (e.g., subframes with DRS occasion, subframes related with aperiodic CSI triggering, etc.) than indicated by DCI for valid CSI subframe can be also used for CSI measurement depending on the further discussion on the CSI. 
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