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1 Introduction

In RAN #75, the new work item on enhancements to LTE operation in unlicensed spectrum was approved with following objectives [1].
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]
· (Starting in RAN1#90): Study, and specify if needed, support for autonomous uplink access with Frame Structure type 3 considering solutions from the L2 latency reduction work item [RAN1, RAN2, RAN4]
· The work item should also specify base station and UE core requirements to support the above features [RAN4]

In RAN1#88bis, the following was agreed for multiple DL ending position.

Agreement:
· No additional DL ending positions are introduced in this WI
This contribution considers aspects of multiple starting positions in a subframe for DL on SCell with Frame structure type 3. Note this contribution is revised from R1-1713520.
2 Discussion
For reduced signaling overhead and more efficient channel occupancy, further enhancements to efficiency of the LTE design for unlicensed spectrum has been discussed including support of multiple starting and ending position. In this section, potential candidate starting positions for downlink are discussed.
2.1 Multiple starting position for downlink
According to downlink channel access procedure, LAA SCell may access the channel at any time in a subframe, which may lead to transmission of unnecessary signal (e.g. reservation signal) to hold the channel until the starting position (e.g. next subframe boundary) where the control and/or data can be transmitted. Therefore, additional starting position was introduced for downlink in Rel-13. That is, possible starting positions of DL transmission are {0}, {0,7} symbol in a subframe. Note that candidate starting positions in the first subframe are excluding the reservation signal. The list of possible starting position of transmission in the first subframe of the DL transmission burst (e.g. {0}, {0, 7}) are provided by RRC signaling to a UE with the capability of the initial partial subframe.

For more efficient channel occupancy, following potential candidate starting positions can be considered in addition to the existing starting positions (i.e. slot boundary):

· Option 1: Starting positions are fixed and (evenly) distributed in a subframe

· Option 2: Any symbol can be starting position in a subframe

The number of possible start positions for control/data can have significant impact to an eNB scheduling decision, such as which UEs to be scheduled, channel coding, TBS, MCS, PRB allocation, etc. Since the eNB cannot anticipate when the channel is available, the eNB may not have enough processing time to do scheduling at the time that channel is occupied. It is possible that the eNB may prepare physical channels for all possible start positions in advance but this will undoubtedly increase the cost and complexity of eNB implementation. In addition, the UE also needs to know the start OFDM symbol for control/data transmission.  The large number of possible start positions increase the number of possible physical channel structures the UE is required to handle, which will again increase the cost and complexity of UE implementation. Furthermore, in [2], it was shown that slot-level starting positions provide meaningful performance gain over DL transmissions limited to subframe boundaries. However, it was also shown that allowing additional starting positions beyond slot-level starting positions shows marginal performance improvement. Therefore, the benefit from introducing additional starting positions should be justified. If additional starting position(s) is beneficial and agreed to introduce, the number of starting positions should be limited in a subframe. For example, the symbol with CRS (e.g. symbol #4, #11) can be considered to facilitate CRS presence detection to determine the starting position. It is noted that additional starting position at the symbol #11 may cause PDCCH decoding performance degradation due to lack of CRS symbol for channel estimation. In addition, it should be carefully considered that whether and how to support DMRS-based transmission for partial subframe with consideration of specification efforts.
Proposal 1: If additional starting positions for downlink are introduced, at most one additional starting position in a subframe can be considered.
Proposal 2: If additional starting positions for downlink are introduced, further study is required whether and how to support DMRS-based transmission for partial subframe.

3 Conclusions 

This contribution considers aspects to support multiple starting positions in a subframe for DL on SCell with Frame structure type 3 and proposes the following based on the discussion.

Proposal: If additional starting positions for downlink are introduced, at most one additional starting position in a subframe can be considered.

Proposal 2: If additional starting positions for downlink are introduced, further study is required whether and how to support DMRS-based transmission for partial subframe.
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