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1. Introduction

In RAN#75 meeting [1], the proposal for enhancing Rel-13 and Rel-14 licensed-assisted access (LAA) operation was approved as Rel-15 LTE work item. According to the work item description document [2], the scope to be discussed is as follows:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.

However, in RAN1#88bis meeting [3], it was agreed that no additional DL ending positions are introduced in this WI. Therefore, in this contribution, we provide our views on multiple starting positions in a DL subframe for LAA. This is a re-submission of R1-1713081.
2. Discussion
In RAN1#88bis meeting, two options were discussed to configure initial partial subframe for LAA DL. One is that a partial subframe can be composed of sequential multiple TTIs, similar to on-going Rel-15 shortened TTI work item. The other is that a partial subframe includes one TTI that starts from additional starting positions (if supported) and spans to the subframe boundary, similar to the initial partial subframe introduced in Rel-13 LAA. Considering the control channel overhead and a lot of remaining open issues even in Rel-15 shortened TTI work item (e.g., control channel design, RS design, etc.), a DL initial partial subframe should not consist of multiple shortened TTIs at least in this WI.
Proposal #1: DL initial partial subframe includes only one TTI.
In Rel-13 LAA discussion, even though supporting multiple starting points can lead to considerable DL throughput enhancement, there were severe concerns both at eNB and UE sides. For instance, eNB may have to prepare multiple control channels and multiple data channels according to potential starting positions and UE may need to keep trying to decode PDCCH from multiple candidate starting positions. As a compromise, only one additional starting position (2nd slot boundary) in a DL subframe was supported for Rel-13 LAA and it is configurable by eNB and optional feature for UE. Referring to our paper [4], full flexible starting points (i.e., OFDM symbol level) can achieve about 4% performance gain compared to limited flexible starting points (i.e., 2 or 4 OFDM symbols), while limited flexible starting points can provide around 5 % performance gain compared to no flexibility case (i.e., only subframe boundary is allowed). Therefore, we need to identify the benefit for multiple starting positions in a DL subframe.

If we introduce more starting positions in addition to slot boundaries for a DL subframe, the number of additional starting positions should be minimized considering implementation complexity both of eNB and UE. Also, additional starting symbol position(s) contain at least CRS, considering that LAA UE normally determines the presence or absence of the current DL subframe by using CRS port 0/1 detection. Therefore, if more starting positions are introduce for a DL subframe, we propose to consider limited additional starting points, which are symbol 4 and 11 including CRS as shown in Fig. 1.
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Figure 1. Example of DL subframe

Especially for the initial partial subframe starting from symbol 11, we need to discuss whether PDSCH can be carried or not considering limited TBS allowable for the subframe. Note that 3-symbol DwPTS does not contain PDSCH. Additionally, we may need to consider UE’s processing time for UL grant in the 3-symbol partial subframe.
Proposal #2: If introduced, consider symbol 4 and 11 for additional starting points.
· FFS on PDSCH and UL grant for the case of symbol 11
3. Conclusion
In this contribution, we provided our views on multiple starting positions in a DL subframe for LAA, and proposal is as follows.
Proposal #1: DL initial partial subframe includes only one TTI.
Proposal #2: If introduced, consider symbol 4 and 11 for additional starting points.

· FFS on PDSCH and UL grant for the case of symbol 11
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