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1 Introduction
As part of the Rel-14 work item on enhanced LAA [1], the following agreements were made during RAN1#85 [2] and the follow up email discussions [85-05-01] and [85-05-1b]:

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.

In this contribution we discuss some of the remaining aspects left for further study in the agreements above.



2 Discussion
For the PUSCH starting symbol various options have been discussed. Option 1 applies the indicated starting position to only the first subframe whereas options 2-1 to 2-3 outline different ways of indicating an offset for multiple subframes in the allocation. It was noted during the email discussion that the choice here would depend on the outcome of email discussion [85-5-3] which would determine the number of starting positions that could be used in a subframe. The following agreement was reached in this email discussion.

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  
Thus, there are four different starting points that may be used which increases the overhead of any solution that attempts to indicate starting positions for subframes after the first subframe in the allocation if some flexibility on the starting positions is to be preserved for the subsequent subframes. Furthermore, some of the options, e.g., option 2-1 have been formulated with an implicit assumption that there are only two starting positions. Hence, without further updates or restrictions this option is not valid in its current form.
In order to determine the costs versus the benefits of the various options that were agreed as the basis for further study, it is important to review the motivation for enabling different starting positions for different subframes. Being able to flexibly and independently indicate the starting position of each subframe de-links scheduling flexibility from the particular multi-subframe DCI format used. That is, regardless of the number of subframes scheduled, each and any subframe could be configured with any starting point thus allowing maximum flexibility. However, as indicated above, this comes at the cost of significant overhead since 2 bits would be needed to allow for all four options for each subframe. 
On the other hand, option 1, which is the least flexible option, would limit the starting position to be determined only for the very first subframe. For the other subframes, in this case an implicit starting position at the beginning of symbol 0 should be assumed. Notably, it has already been agreed that the ending PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the last scheduled subframe. Therefore, with option 1 and the assumption of starting position at beginning of symbol 0 for the subframes other than the first subframe, the subframes scheduled using DCI 0B/4B would form a contiguous transmission burst. 
With option 1, if a UE (say UE1) is to be scheduled in a set of consecutive subframes and if it is desired for another UE (say UE2) to start transmissions in an intermediate subframe within this set of consecutively scheduled subframes, then UE1 would need to be scheduled in the set of consecutive subframe using multiple grants instead of a single multi-subframe grant so that a gap can be introduced in the intermediate subframes. If this needs to be done very often, it could increase overhead as well as increase the probability of (E)PDCCH blocking for other UEs. Therefore, the choice between option 1 and one of the sub-options in option 2 depends on the frequency with which such scheduling may be necessitated. 

Another aspect that needs to be taken into account is that if a UE with the highest priority class is to be scheduled, the transmission cannot exceed two subframes. If such a UE is multiplexed with a UE using a lower priority class but with a larger number of subframes, then the resources vacated by the higher priority class UE after its transmission is completed can probably not be reused by another UE unless a gap to perform LBT is provided by using multiple grants to indicate the starting position for the part of the transmission of the lower priority UE after the transmission for the higher priority UE has ended.
It is important to also consider that there is some flexibility in the frequency domain so that if multiple UEs are to be multiplexed together, the number of interlaces being assigned to each UE can be adjusted so that the amount of data to be transmitted occupies roughly the same number of subframes for each UE. Such flexibility can be used to minimize the necessity to resort to multiple UL grants to avoid a wastage of resources when one of the UEs in a group of UEs that has been jointly multiplexed finishes earlier than other UEs in the group.
Considering the fact that there are four possible starting positions and considering the flexibility available by being able to send up to four grants to the same UE in a subframe and also a different number of interlaces for different UEs, it seems that it is not worth the overhead of trying to enable the type of solutions categorized under option 2.
Proposal: Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe. The subsequent subframes start immediately after the previous subframe has ended.

Another aspect that has not been addressed so far is the addition of HARQ process ID and redundancy version fields to DCI format 0A/4A. Although this seems to have been the assumption in the discussions so far there is no agreement on this. Hence, we propose the following.
Proposal: Add fields to DCI format 0A/4A to indicate HARQ process ID and a 2 bit RV value.


3 Conclusion
We discussed some of the remaining details of Scheduling Aspects for eLAA and propose the following.

Proposal: Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B applies only to the first scheduled subframe. The subsequent subframes start immediately after the previous subframe has ended.

Proposal: Add fields to DCI format 0A/4A to indicate HARQ process ID and a 2 bit RV value.
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