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1 Introduction
At the RAN1 #85 meeting and the later email discussion, some agreements were achieved of PUSCH on eLAA SCell, and the following remaining issues of resource allocation, PUSCH structure and multiple subframe scheduling are still left for further discussion:
· On the resource allocation, at least one of the below alternatives should be selected:
· Alt 1: UL resource allocation type 0
· Alt 2: bitmap based resource allocation
· Alt 3: predefined resource allocation patterns with the number of bits being same or less than Alt. 1
· Define all contiguous patterns + the patterns in the set [0+5, 1+6, ….]
· Define all contiguous patterns + other patterns
· Define some number of patterns based on the number of interlaces allocated
· More patterns for fewer interlaces
· Alt 4: RRC configure between Alt 1 and Alt 2

· On PUSCH structure: below agreements have been reached in the email discussion of [85-5-3].
· 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  
· FFS: Choose between the following options 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
· On PUSCH scheduling，the following issues are still FFS.
· Timing offset is counted from subframe N+4+k, and k is signalled with 4 bits ([0….15] SFs)  (FFS in case of 2-step scheduling)
· FFS special handling of MCS/TBS for PUSCH containing UCI and/or SRS and/or blanked symbol(s)
· Note: Common MCS value for all the scheduled subframes is already agreed
· 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 the remaining details of PUSCH design for eLAA, including resource allocation, PUSCH structure and scheduling aspects.
2 Discussion 
2.1 Resource allocation
In the subsequence email discussion [85-5-2] of RAN1 #85 meeting, below conclusion was reached.
1.       Enhanced LAA can operate without the introduction of legacy resource allocation for UL PUSCH on an LAA SCell. 
2.       Introduction of optional legacy resource allocation is not precluded for future work items.
[bookmark: _On_multiple_clusters]According to the regulation, the occupied channel bandwidth must be at least 80% of nominal channel bandwidth. For example, for a nominal channel bandwidth of 20MHz (100 PRB), at least 16MHz (89 PRB) should be occupied (with Tx power of signal). We analyses the multiple clusters resource allocation methods below.
First, the system bandwidth is divided into multiple parts with identical size (e.g., for a system of 20MHz, there are 10 parts while there are 10 PRB for each part). Secondly, the clusters information is only expressed in the first part while it is the same (or mirrored) in the second and other parts. For example, for a 20MHz system (100 PRB), these 10 parts are 10 PRB while the RBG size is one PRB. The resource block assignment is 9 bits in 10 PRB with the RBG size of one PRB with UL resource allocation type 1. This will reduce 5 bits from a 100 PRB with the RBG size of 4 PRB. After the allocation, the allocation information is copied to the second and other parts. In addition, the UL resource allocation type 0 is reused to indicate the resource allocation for the first part while it is copied to the second and other parts as the following.
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In there, [image: ] is 10 (i.e., 10 PRB in each part or, 10 interlaces in each part). To indicate the resource indication value (RIV) to a UE, bits are required in the DL control information (DCI).
If the bitmap were used to indicate the resource allocation for the first part, then 10 bits will be required. It is more than that of UL resource allocation type 0 (6 bits). It is not preferred.
If the predefined resource allocation patterns were used to indicate the resource allocation for the first part, then it will be more complicated than that of UL resource allocation type 0 and would not reduce bits required.
After the analyses above, the following proposals are reached.
Proposal 1: To support multiple clusters in UL LAA, UL resource allocation type 0 is reused to indicate the resource allocation for the first part while it is copied to the second and other parts.
2.2 PUSCH structure
PUSCH in a UL subframe is transmitted from start of DFTS-OFDM symbol 0 or start of DFTS-OFDM symbol 1 have been agreed in the previous meeting. Besides, PUSCH subframe transmitted from start within DFTS-OFDM symbol 0, such as 25µs after start of DFTS-OFDM symbol 0 or 25 us + TA value after start of DFTS-OFDM symbol 0 were also supported after the email discussion of [85-5-3]. Besides, dynamic signaling can indicates whether PUSCH in a UL subframe is transmitted from DFTS-OFDM symbol 0 or start of DFTS-OFDM symbol 1 or start within DFTS-OFDM symbol 0.
The argument is how to deal with the first DFTS-OFDM symbol, the following options to enable the start times within the first DFTS-OFDM symbol have been discussed in the email discussion of [85-5-3].
· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol.
For this option, it is very easy for UE implementation. Besides, the data transmission robust can be improved.
· 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.
For this option, the RE mapping need to changed which have some affection of specification.
Therefore, option 1 can be considered for deal with the first DFTS-OFDM symbol of the PUSCH subframe.
Proposal 2:  Option 1- Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol can be considered for deal with the first DFTS-OFDM symbol of the PUSCH subframe.
2.3 Scheduling
Now, we discuss the remaining details design for PUSCH schedule in eLAA UL below.
· For flexible schedule timing  of  two staged grant 
Flexible timing between UL grant and UL transmission have been supported, and the minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). And a timing offset can be introduced for flexible scheduling timing which is counted from subframe N+4+k, and k is signalled with 4 bits. Clearly, this information would need to be contained in the respective UL grant as otherwise the flexibility would be lost.
In case of two staged grant based operation for scheduling UL in eLAA, we think either below options can be considered for transmission timing for achieve scheduling flexibility:
Option 1: The timing of the scheduled UL subframe is indicated in the second grant, the time between the grant and UL transmission can be smaller than 4ms. 
Option 2:  the second grant triggers the actual transmission.
Option 3: The timing of the scheduled UL subframe is indicated the offset value in the first grant, offset is counted from subframe N or counted from the first DL subframe in the following DL burst.
Proposal 3: In case of 2-step scheduling, the transmission indication can be included in the second grant or the actual transmission can be implicit get from the second grant location. 
· For special handling of MCS/TBS for PUSCH containing UCI and/or SRS and/or blanked symbol(s)
Common MCS value in DCI format 0B/4B applies to the PUSCH containing UCI and/or SRS and/or blanked symbol(s) without special handling have been agreed. From the implementation point of view, no special handling of TBS for PUSCH containing UCI and/or SRS and/or blanked symbol(s) can also be considered.
Proposal 4:  Common MCS/TBS value in DCI format 0B/4B applies to the PUSCH containing UCI and/or SRS and/or blanked symbol(s) without special handling.
· For  indication of starting PUSCH DFT-S-OFDM symbol of multiple subframe scheduling
From a UE perspective, no gap between consecutive subframes is desirable to utilize a channel continuously once the UE occupies the channel. However, blanked symbol for some subframes could be considered for multi-user multiplexing and SRS-only transmission. And how to indication of the starting PUSCH symbol of the multiple scheduling subframe should be specification.
If this signalling in DCI format 0B/4B applies only to the first scheduled subframe of the multiple scheduling subframe, there is no blanked symbol in the rest scheduled subframe, which may be hard for other UE to perform CCA success during the UL transmission burst to realize multi-user multiplexing and SRS-only transmission. Therefore, candidate option 2- DCI format 0B/4B indicates starting PUSCH DFS-S-OFDM symbol in one or multiples of the scheduled subframes may be better choice.
Furthermore, considering the flexibility, both option 2-1 and option 2-3 have some restriction on multiplexing subframe, option 2-2) N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes is the most appropriate method to indication of the starting PUSCH symbol of the multiple scheduling subframe and realize the fully scheduling flexibility.
Proposal 5: Considering the scheduling flexibility, Option 2-2 N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes is the best choice.
Besides, if eNB indicate the second or later subframes of the scheduled multiple subframe has blanked symbol(s), the continuous transmission of the UE will be interrupted. DTX may be introduced of MSF if the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes.
Some alternatives can be considered to resolve this scheduling case. For example, 
Alt 1: UE should restart perform CCA for the later subframe. 
Alt 2:  Sparse reservation signal can be sent in the blank symbols in order to avoid losing channel.
Proposal 6: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, UE should restart perform CCA again, otherwise sparse reservation signal should be sent in the blank symbols to avoid losing channel.
3 Conclusion
In this contribution, we discuss the remaining details of PUSCH design for eLAA, including resource allocation, PUSCH structure and scheduling aspects. We have the following proposals:
Proposal 1: To support multiple clusters in UL LAA, UL resource allocation type 0 is reused to indicate the resource allocation for the first part while it is copied to the second and other parts.
 Proposal 2:  Option 1- Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol can be considered for deal with the first DFTS-OFDM symbol of the PUSCH subframe.
Proposal 3: In case of 2-step scheduling, the transmission indication can be included in the second grant or the actual transmission can be implicit get from the second grant location.  
Proposal 4:  Common MCS/TBS value in DCI format 0B/4B applies to the PUSCH containing UCI and/or SRS and/or blanked symbol(s) without special handling.
Proposal 5: Considering the scheduling flexibility, Option 2-2 N_sf size bitmap to indicate the starting PUSCH DFT-S-OFDM symbol position for multiple scheduled subframes is the best choice.
Proposal 6: If the eNB indicates the blanked symbol is present in the second or later subframes of the scheduled multiple subframes, UE should restart perform CCA again, otherwise sparse reservation signal should be sent in the blank symbols to avoid losing channel.
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