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1 Introduction

In the RANP #75 meeting, a new WID on enhancements to LTE operation in unlicensed spectrum was agreed [1]. And one of the detailed objectives of this work item was:
· 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]
In the RAN1 #88bis meeting, the following agreement was achieved for DL ending positions: 

· No additional DL ending positions are introduced in this WI
This contribution mainly discusses motivations and candidate alternatives for introducing multiple DL starting positions in a subframe with frame structure type 3 (FS3). 
2 Multiple starting positions of a LAA DL burst 
Rel-13 LAA already supports initial partial subframe for FS3 with one candidate starting position of symbol #7. Normally, eNB should keep the MAC scheduling results (e.g., TBS, PRB allocation, etc.) unchanged, and re-generate the physical packet for symbol #7 if channel access fails before symbol #0. 
Two options below can be considered to add more starting positions in partial subframe, for which the detailed analysis were provided in [2].

Option 1: Any symbol in one FS3 subframe could be the starting position of one DL transmission burst. The eNB could either generate the PHY packet once or 14 times in such case. If the eNB generates the PHY packet for 1ms and starts to transmit at Xth OFDM symbol, (14-X) symbols will be punctured which may impact the decoding performance greatly. If the eNB generates the PHY packet for each symbol as the starting symbol, it is impossible for the eNB to handle such processing complexity.
Option 2: Each CRS symbol in one FS3 subframe could be the candidate starting positions of one DL transmission burst. In this case, the first (partial) subframe starts from the boundary of the first available symbol in the set of symbols {#0, #4, #7, #11}, and the spectrum efficiency of the unlicensed carrier would still be better than LAA. With this method, the eNB may still not have enough time to re-generate the physical layer packet between symbol #0 and symbol #4, etc. Note that this could be the case especially when the result of LBT failure at RF side has long latency to be transferred to the baseband side. On the other hand, if one starting position is introduced between symbol #7 and symbol #13, e.g., symbol #11 that contains CRS, then either the resulting coding rate could be very high since only 4 symbols left for the transmission, or the eNB may use very conservative MCS at MAC layer scheduler beforehand.
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Figure 1: DL partial subframe based on LBT outcome
In summary, adding more starting positions in partial subframe would either introduce more challenges to eNB implementation especially on physical layer packet generation, or result in too high coding rate or too conservative MCS scheduling. 

Observation 1: Introducing more starting positions for initial partial subframe based on LBT outcome would bring either challenge to eNB implementation or low resource utilization. 
The feasible approach to introduce more starting positions for DL FS3 is to allow 2/3-symbol sTTI transmission in sTTI. The spectrum utilization of this alternative is similar to option 2, and it can achieve some benefits of latency reduction due to HARQ-ACK feedback on licensed carrier at the cost of control overhead. 
From eNB perspective, there would be enough processing time left for eNB to prepare packets for the 2/3-symbol sTTIs since the MAC delivers packet in the unit of sTTI. From UE perspective, the requirement of control channel detection capability of each sTTI is the same as a sTTI UE. From standard efforts perspective, sPDCCH introduced in the sTTI WI could be reused here to support the first partial subframe transmission, since they are in the same release.
However, there seems to have a common understanding that sTTI in FS3 is not in the scope of this item.
Observation 2 Transmitting 2/3-symbol sTTI is a feasible method to introduce more starting positions for DL FS3. However, many companies do not think sTTI in FS3 is in the scope of this item.

Base on the above discussion, it is proposed:
Proposal 1: No need to introduce additional starting positions for initial partial subframe 

3 Conclusion
In this contribution, motivations and candidate alternatives to support multiple starting positions in a FS3 subframe are discussed. It is proposed:

Proposal 1: No need to introduce additional starting positions for initial partial subframe 
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