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1 Introduction

In the RANP meeting #75, 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]
This contribution mainly discusses motivations for introducing multiple DL starting/ending positions in a subframe with frame structure type 3 (FS3). In addition, candidate alternatives for how to support multiple starting/ending positions in one FS3 subframe are also discussed.

2 Multiple starting positions of a LAA DL burst 
For LAA operation with frame structure 3 in unlicensed spectrum, although the starting position of a DL burst can be anywhere within a subframe after LBT success at eNB side, the control/data transmission is only allowed to start at the slot boundary, e.g., symbol 0 or 7 within a subframe. The duration from the time the eNB successfully accesses the unlicensed channel to the slot boundary the eNB starts control/data transmission should be reserved with useless signals, e.g., padding, by eNB implementation. Such an operation obviously leads to the inefficient utilization of the unlicensed spectrum. To increase spectrum utilization efficiency in unlicensed carrier, allowing multiple starting positions in a FS3 subframe is wealthy studying.
Two alternatives to support multiple starting positions in one FS3 subframe for a DL transmission burst are discussed here. Note that the discussion focuses on how to transmit the first subframe in a DL transmission burst.
· Alt 1: the first subframe can be transmitted in partial subframe
Like LAA, when eNB successfully accesses the channel, the eNB could start the control/data transmission from the first available candidate starting position to the end of the first subframe. The number of the candidate starting positions can be increased compared to 2 starting positions in LAA for the purpose of improving spectrum efficiency. Two options to support more starting positions than that in LAA are considered, as illustrated in Figure 1.
Option 1: the boundary of any symbol in one FS3 subframe could be the starting position of one DL transmission burst. In this case, the first (partial) subframe starts from the next symbol right after the channel is clear and the spectrum efficiency of the unlicensed carrier would be maximized. 
However, this option would increase implementation cost/complexity on both eNB and UE. As discussed in LAA, the DL packets are prepared in a pipeline way and there is around 0.5ms processing time left for eNB to prepare DL transmission data for the first (partial) subframe. In this option, there would be minimum 1 symbol left for eNB to process DL transmission data for the first (partial) subframe, which is much less than LAA and may need extra cost for eNB to improve capability for preparing DL packet in time to fit variable duration. In addition, the TBS should be kept the same in the first subframe no matter how long the duration of the partial subframe is, so code rate of the first partial subframe will be very high if the duration includes few symbols.
From UE point of view, a UE should detect each symbol within one subframe until it has correctly determined the start of a DL transmission burst, which brings a lot of implementation complexity. 
From standard efforts point of view, new control channel should be designed to support the first partial subframe transmission with variable duration.
Observation 1: allowing the burst starting from the boundary of every symbol in one subframe may have high implementation requirements on eNB, high implementation complexity on UE, and high standard efforts.
Option 2: the boundary of 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. 
From eNB perspective, the minimum processing time left for eNB to prepare DL transmission data for the first (partial) subframe is 3 symbols, which is smaller than 0.5ms in LAA. Whether 3 symbols are long enough for eNB to prepare DL transmission packets needs be further studied carefully. In addition, the code rate of the first partial subframe will be high if the starting position is symbol #11 since the TBS in the first subframe should be kept the same. 
From UE perspective, one UE could detect CRS symbol within one subframe to determine the start of a DL transmission burst, which is similar to LAA and has acceptable implementation complexity. 
In addition, PDCCH could be transmitted on the first available CRS symbol similar to PDCCH transmission on symbol #7 in LAA, hence requires less standard efforts.
Observation 2: allowing the burst starting from the boundary of each CRS symbol, i.e, symbol #0/4/7/11 in one subframe, may have high implementation requirements on eNB, acceptable implementation complexity on UE, and acceptable standard efforts.
 
[image: image1.emf]Subframe n+1

Subframe n

... ...

LBT success

Subframe n+1

0 4 7

1

1

Subframe n

... ...

LBT success

Option 2

Padding 

duration

TTI 

duration

LBT success

Option 1


Figure 1: the first subframe can be transmitted in partial subframe
· Alt 2: the first subframe or all the subframes can be transmitted in 2/3-symbol sTTI layout 
Another alternative is that a DL transmission burst is allowed to start at the boundary of 2/3-symbol sTTI in one subframe, which means the first (partial) subframe is transmitted in the form of one or multiple 2/3-symbol sTTIs, as illustrated in Figure 2. The spectrum utilization of this alternative is similar to option 2 in Alt 1, and it can achieve some benefits of latency reduction due to HARQ-ACK feedback on licensed carrier. 
From eNB perspective, there would be enough processing time left for eNB to prepare packets for the 2/3-symbol sTTIs since the transmission in the first (partial) subframe is in the unit of sTTI and the packets for the unavailable sTTI would be discarded. In addition, the code rate would not be increased since one TB is supposed to be transmitted in one sTTI. 
From UE perspective, the capability requirement of control channel detection of each sTTI is the same to a sTTI UE, which seems acceptable. 
From standard efforts perspective, sPDCCH introduced in the sTTI WI could be reused here to support the first partial subframe transmission. 

Observation 3: allowing the burst starting from the boundary of 2/3-symbol sTTI in one subframe may have acceptable implementation complexity on eNB, acceptable implementation complexity on UE, and acceptable standard efforts.
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Figure 2: the first subframe can be transmitted in 2/3-symbol sTTI layout
Base on the above discussion, it is proposed:
Proposal 1: eNB and UE implementation complexity and standard efforts should be considered when discussing support for multiple starting positions in one subframe with FS3.

3 Multiple ending positions of a LAA DL burst 
For DL LAA operation with FS 3 in unlicensed spectrum, multiple ending positions have already been introduced by allowing the ending position of the last subframe of a DL transmission burst following one of the DwPTS durations. The current end positions of the last subframe include the end of symbols {#3, #6, #9, #10, #11, #12, #14}.

Unlike the transmission of initial subframe, the ending position could be determined in advance by eNB considering both the MCOT duration limit and the pending services, so the eNB could have enough processing time for DL packets preparation with proper TBS. In addition, the end position is explicitly indicated to UE through the LAA common PDCCH. It seems no strong motivation to introduce extra ending positions in the LAA common PDCCH. 
However, one possible enhancement to LAA is that 2/3-symbol sTTI may be introduced in unlicensed spectrum, e.g., allowing PDSCH transmission when the duration of the end partial subframe is 3 symbols.
Proposal 2: There is no strong motivation to introduce extra ending positions in LAA common PDCCH in addition to those for LAA. 

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

Proposal 1: eNB and UE implementation complexity and standard efforts should be considered when discussing support for multiple starting positions in one subframe with FS3.

Proposal 2: There is no strong motivation to introduce extra ending positions in LAA common PDCCH in addition to those for LAA. 
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