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1 Introduction

In RAN1#85 meeting and following e-mail discussion, followings are agreed on PUSCH structure of eLAA [1].
Agreements:
· Notes as basis for further discussion: FFS on the indication of starting PUSCH DFT-S-OFDM symbol

· option 1) Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe. 

· A single UL grant for an LAA SCell can only schedule subframes which composes a same UL transmission burst of a same UE 

· option 2) DCI format 0B/4B indicates starting PUSCH DFS-S-OFDM symbol in one or multiples of the scheduled subframes 

· option 2-1) 2-bit joint indication for the starting PUSCH DFT-S-OFDM symbol, the 4 states define the starting in symbol #1 as: {in none of SFs, in all SFs, only in the 1st subframe, in 1st and 3rd subframe} 

· option 2-2) N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes. The bitmap size changes according to the configuration of N_sf for MSF, i.e., 2~4. 

· option 2-3) One bit to indicate the starting PUSCH DFT-S-OFDM symbol for the 1st subframe, x bit to indicate starting PUSCH DFT-S-OFDM symbol position in one of the following subframes if N_max >=2. The size of x changes according to the configuration of N_max for MSF.

Agreements:
· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0  
In this contribution, we discuss indication of starting symbol for multi-subframe scheduling.
2 Indication of starting symbol for multi-subframe scheduling
Option 1 and option 2 are described in Fig. 1. Option 1 only allow a gap for LBT at the first subframe among multi-suframe. Option 2 allows LBT gap(s) within multi-subframe, sub-options are different for allowed LBT gap positions and corresponding indication method. 
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Figure 1 Option 1 and option 2 for indication of starting symbol
Option 1 has benefit of less indication overhead and less chance for losing channel. Major drawback of option 1 is limited scheduling flexibility of eNB. It could only support scheduling for the same set of UEs within multi-subframe. Option 2 has benefit of more flexibility on eNB’s scheduling. However, it requires additional indication overhead and possibility of losing channel occupancy.
Following indications are required to make LBT gaps and carry out LBT within multi-subframe
· LBT gap position (SF#2, SF#3, … )

· PUSCH starting position (0th symbol, 1st symbol, 25us after 0th symbol, …)

· LBT type indication (single shot, CAT 4)
In point of LBT gap position indication, option 1 requires only 1 bit indication for on/off at the first subframe only. Option 2 requires from minimum 2 bits to maximum 4 bits for LBT gap position indication. For indication of PUSCH starting position, 2 bits are required to indicate a LBT gap. Therefore, it requires 2 x (# of LBT gap) bits to indicate PUSCH staring position for multi-subframe scheduling. Lastly, LBT type indication 1 bit is needed for each LBT gap. That is to say, (# of LBT gap) bits are required to indication LBT type for multi-subframe scheduling. Considering worst case (4 SFs with bitmap indication), indication overhead of option 2 would be 4 + 8 + 4 = 16bits. Meanwhile, option 1 only requires 4 bit for indication.
Observation1: Additional indication bits are required to allow LBT gap within multi-subframe
On benefits of eNB’s scheduling flexibility, usefulness of allowing LBT gaps within multi-subframe needs to be discussed. It could be discussed related with channel occupancy of eNB. There are three possible cases:
· Case 1: All SFs are outside of channel occupancy 
· Case 2: Some SFs are within channel occupancy

· Case 3: All SFs are within channel occupancy
For case 2, eNB would separately schedule multi-subframe into two bursts: one burst within channel occupancy and the other located outside of channel occupancy. Since CAT 4 LBT is required for burst outside of channel occupancy, separate scheduling would be beneficial for case 2. Moreover, limitation of contiguous HARQ process number allocation would force the eNB to perform separate scheduling. Thus, LBT gap within multi-subframe scheduling is not beneficial on eNB’s scheduling flexibility for case 2. 
If all SFs are located outside of channel occupancy, CAT 4 LBT is required for each LBT gap. To carry out CAT 4 LBT, 1 symbol LBT gap will be required to make enough gap for random back-off. That is to say, every LBT gap will be indicated to 1 symbol which make chance to lose channel occupancy of eNB by other networks. 
In case of all SFs are within channel occupancy, only single shot LBT is needed. Therefore, 25us LBT gap will be enough to perform LBT. Chance to lose eNB’s channel occupancy would be low. However, control overhead for scheduling should be considered. Multi-subframe scheduling will be used when uplink traffic is relatively large compare to that of downlink traffic. In that case, # of DL SFs will be limited and resources for control region will be also limited. For example, in Fig. 1, if there exist only 1 DL SF, every UL grant should be transmitted on the DL SF. In option 1, two UL grants are need to be transmitted in the SF, i.e. UL grant for UE1 and UE2. However, in option 2, three UL grants are need to be transmitted in the SF. Considering limited DL resources in UL traffic heavy case, it is questionable on usefulness and benefits of allowing LBT gaps within multi-subframe.
Observation2: Usefulness of LBT gap(s) within multi-subframe is not clear.
Proposal1: Support option 1 for indication of starting symbol for multi-subframe scheduling; Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe.
3 Conclusion
In this contribution, we discussed on indication of starting symbol for multi-subframe scheduling and provide following proposals. 
Proposal1: Support option 1 for indication of starting symbol for multi-subframe scheduling; Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe.
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