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1 Introduction

During the RAN1#85 and the following email discussions, overall PUSCH design were agreed. This contribution considers remaining issues of PUSCH design for eLAA.
2 Discussion    
2.1 PUSCH transmission within the first DFTS-OFDM symbol

During RAN1#85 and the following email discussion [85-5-1], following options are discussed to enable the start times within the first DFTS-OFDM symbol
· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol

· Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length

· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.

During email discussion, it was identified that Option 2 may have improve the throughput a bit by using  additional MCS level than Option 1. However, it is not clear how much performance gain can be achieved by Option 2 in system perspective. Note that even if there is a slight performance gain, it might not be worth enough to absorb all the increased UE complexity expected. In addition, as discussed in the RAN1#85, there were concerns on the required Tx/Rx switching time and power transition time for Option 2, which may largely reduce the length of period which could carry useful information by Option 2. Although such requirements could be relaxed for the operation in unlicensed carrier, it would be desirable to have a simple solution rather than introducing solution with potential RAN1/RAN4 impacts.
Proposal 1: Extension of cyclic prefix of the next DFTS-OFDM symbol should be considered if transmission of part of the first DFTS-OFDM symbol is supported
2.2 Starting PUSCH symbol for multi-subfarme scheduling
During email discussion [85-5-1], following options on the indication of starting PUSCH symbol in between consecutively scheduled subframes.

· 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.
The main motivation of having LBT gap in between the consecutively scheduled subframes (i.e. Option 2-x) is to allow UE multiplexing in the middle of scheduled subframe at the cost of additional bits in DCI 0B/4B. However, the benefit with introducing additional gap for multi-subframe scheduling is not clear. For example, it is assumed that a UE who scheduled 4 consecutive subframes occupies the channel from the first scheduled subframe after successful UL LBT. However, if additional gap is introduced in the middle of scheduled subframes (e.g. in 3rd subframe) to allow other UE multiplexing, it could be possible that the UE losses the channel by neighboring node, which may result in performance degradation for both UEs. 
In addition, during the email discussion in [85-5-1], it was agreed that transmission on UL is allowed to start at the following in a UL subframe

· Start of DFTS-OFDM symbol 0

· Start of DFTS-OFDM symbol 1

· 25us after start of DFTS-OFDM symbol 0

· 25us + TA value after start of DFTS-OFDM symbol 0
Therefore, if dynamic indication of starting symbol positions in each subframe is supported, significant signaling overhead is expected. Thus, the trade-off between performance, flexibility, and signaling overhead should be carefully considered. 

Moreover, considering that eNB can adjust the number of scheduled subframes dynamically, certain level of flexibility to allow UE multiplexing within MSF can still be achieved by Option 1. For example, if eNB wants to schedule other UE(s) in a later subframe, the eNB could reduce the length of MSF for UE1 and schedule UE 1 and UE 2. Note that if  predefined (e.g. middle of MSF) or RRC configured starting PUSCH symbol in MSF scheduling can be considered to provide flexibility to some extent 

Proposal 2: Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B should apply only to the first scheduled subframe.
2.3 Rate matching of PUSCH around blanked symbol
It was agreed that eNB would dynamically indicate starting and/or ending symbol for PUSCH in a UL subframe to the scheduled UEs. During the blanked symbol, either DL or UL LBT could be performed. There are following 4 different combinations as depicted in Figure 1 can be enabled for PUSCH transmission and changed by dynamic signalling. Similar to SRS, it would be desirable to apply rate matching of PUSCH around blanked symbol to avoid performance degradation of PUSCH.
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Figure 1 Combination of PUSCH structure for eLAA

Proposal 3: Rate matching of PUSCH around blanked symbol should be considered
3 Conclusions
This contribution considered remaining issues of PUSCH design for eLAA, and followings are proposed.
Proposal 1: Extension of cyclic prefix of the next DFTS-OFDM symbol should be considered if transmission of part of the first DFTS-OFDM symbol is supported
Proposal 2: Starting PUSCH DFT-S-OFDM symbol in a DCI format 0B/4B should apply only to the first scheduled subframe.
Proposal 3: Rate matching of PUSCH around blanked symbol should be considered
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