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1. Introduction 
A new work item on ‘enhancements to LTE operation in unlicensed spectrum’ was approved in TSG RAN Meeting #75 [1]. The objective of the new WI from RAN1 perspective is twofold:
· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3.
· (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
This contribution is about the first objective, especially on the downlink aspect. To begin with, the Rel-13 downlink initial and ending partial subframe designs are briefly revisited. 
· The initial partial subframes can start at the slot boundaries, i.e., ODFM symbol {0, 7}. The RRC layer parameter, subframeStartPosition, configures possible starting positions, which are either subframe boundaries or slot boundaries. For a subframe starting at OFDM symbol 7, the RE and CRS/DMRS mapping assume that of the second slot whereas the PDCCH/PDSCH/PCFICH/PHICH mapping is the same as in the first slot.
· The ending partial subframe reuses the existing DwPTS structure and can have a duration of {3, 6, 9, 10, 11, 12} OFDM symbols. The DCI scrambled by CC-RNTI signals the duration of the current and the next subframes.
In this contribution, we first try to further clarify the scope of the WI concerning with the first objective. After that, we discuss on the need of defining additional starting and ending positions in a subframe for DL in addition to what had been already defined in Rel-13.  
2. Clarification on the scope 
The first objective of the WI, which is “specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3,” needs further clarification. That is because it is possible to interpret the referred objective such that shortened TTI (sTTI) operation for FS3 can be considered, i.e., multiple sTTIs are contained in 1 ms regular TTI as illustrated in the figure below.
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Figure 1. An illustration of sTTI operation for FS3

Given that the WI on shortened TTI and processing time for LTE is currently in progress, it is preferable to avoid that a similar scope of work is discussed and developed in two different WIs in parallel. Indeed, we believe that the sTTI support for FS3 can be readily done once it is based on the completed WI on sTTI. Thus, it is proposed to clarify that the first objective of the WI is to define additional starting and ending partial subframes and not to define sTTI operation for FS3. 
Proposal 1: Defining sTTI operation for FS3 is not considered within the scope of Rel-15 FeLAA.
3. DL partial subframes
3.1. Additional DL starting partial subframes
Note that allowing additional subframe starting positions implies increased number of UE’s hypothesis testing on the starting position, which not only increase the UE’s operational cost but also decrease the detection reliability. On the other hand, although it is an implementation dependent issue, some UE implementation may be based on the CRS presence detection to determine the subframe starting position. In the case of Rel-13 slot-level DL partial starting subframes, the CRS in both symbol 0 and 4 can be used for CRS presence detection considering up to two antenna ports. If we allow sub-slot-level DL partial starting subframes, the CRS presence detection may have to be based on either CRS in symbol 0 or in symbol 4 only, which will diminish the subframe starting position detection performance. 
Next, the introduction of additional starting positions for initial partial subframe should be well motivated by the performance merit. The following figure is captured from our previous contribution during Rel-13 [2]. From the data, it is seen that slot-level starting positions provide meaningful performance gain over DL transmissions limited to subframe boundaries. However, allowing additional starting positions beyond slot-level starting positions shows marginal performance improvement.
Observation 1: Defining additional starting positions for initial partial subframes will increase UE’s hypothesis testing while provides marginal performance gain. 
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Figure 2. DL UPT performance with different starting position options

Therefore, it is proposed that additional starting positions beyond what are already supported from Rel-13 LAA, i.e., slot-level starting partial subframes, requiring UE’s autonomous starting position detection should not be further allowed.
Proposal 2: No additional DL starting positions requiring UE’s hypothesis testing on the starting positions are allowed. 
On the other hand, if it does not require UE’s hypothesis testing, additional initial partial subframe options could be considered. One motivating scenario is depicted in the figure below.
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Figure 3. Illustration of tailgating DL partial subframe

The depicted scenario in the above figure is UL heavy traffic case, where most of the acquired MCOT by the eNB is lent to uplink transmission, e.g., through normal grant and/or two-stage grant. The tailgating downlink partial subframe, i.e., PDCCH transmission in the example figure, can be helpful for fast PUSCH retransmission scheduling. Although it is not shown in the figure, the tailgating downlink partial subframe may also accompany PDSCH transmission as well. Such downlink partial subframes could be based on the existing DwPTS structure and TBS scaling as the DL ending partial subframe in Rel-13 LAA. In order to avoid UE’s additional hypothesis testing, the presence of such downlink partial subframes must be signalled in advance, e.g., via common PDCCH.
Observation 2: DL partial subframe following the UL subframes can be beneficial for fast PUSCH retransmission scheduling. 
Proposal 3: If it does not require UE’s hypothesis testing, additional DL starting positions are supported. Exact starting position options are FFS.
3.2. [bookmark: _GoBack]Additional DL ending partial subframes
In Rel-13 LAA, the downlink ending partial subframe was defined based on the existing DwPTS structure and can have a duration of {3, 6, 9, 10, 11, 12} OFDM symbols. The ending partial subframes must be signalled in the preceding subframe though common PDCCH. Otherwise, the UE is not require to process the partial subframe. Given the number of ending partial subframe options already supported, no additional options for the ending partial subframe are seems needed to be defined.
Proposal 4: No additional DL ending positions are allowed.
4. Conclusions
In this contribution, we discussed about the support for multiple starting and ending positions in a subframe for DL on an LAA SCell and the following proposals were derived. 
Proposal 1: Defining sTTI operation for FS3 is not considered within the scope of Rel-15 FeLAA.
Observation 1: Defining additional starting positions for initial partial subframes will increase UE’s hypothesis testing while provides marginal performance gain. 
Proposal 2: No additional DL starting positions requiring UE’s hypothesis testing on the starting positions are allowed. 
Observation 2: DL partial subframe following the UL subframes can be beneficial for fast PUSCH retransmission scheduling. 
Proposal 3: If it does not require UE’s hypothesis testing, additional DL starting positions can be considered. 
Proposal 4: No additional DL ending positions are allowed.
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