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1. Introduction

In RAN1#84, some agreements have been achieved for the design of PUSCH. They are [1]:

· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH
· For eLAA, flexible timing between UL grant and UL transmission is supported

· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.

· In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms

In this meeting, the design of PUSCH will continue and we will provide some considerations on the design of PUSCH design and scheduling. 
2. Discussions on the design of PUSCH
Based on the conclusion of last meeting, at least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH. In this meeting, the details, including number of clusters needed, size of each cluster, spacing between clusters, etc. should be fixed. 

The basic scheduling granularity for RB-Level multi-cluster transmission is interlace. One UE could occupy one or more interlaces. If different types of interlaces are used, each interlace type should satisfy the constraints of regulation rules. Besides, extra overhead will be introduced to support different types of interlaces. Therefore, it is better to support single type interlace. With the same interlace type, the maximum scheduling user number is equal to the number of interlaces. 
From the regulation rules of ETSI, the occupied channel bandwidth shall be between 80% and 100% of the declared Nominal channel bandwidth. This means the minimum bandwidth for 20MHz transmission is 16MHz (89RB), which implies that the number of interlaces should not be larger than 11. It is also noted that the available number of RBs should be divided with no remainder by the number of interlaces to fully use the whole system bandwidth. Therefore, 10 interlaces should be considered in 20MHz bandwidth. 
As for the size of each cluster, the minimum choice is 1RB which means each interlace will occupy 10 RB. One UE will be scheduled 10 RB at least. The bigger the cluster size, the more RB one UE will take. For small packets transmission, 10 RB is also a big granularity. How to shrink the minimum granularity could be left for FFS. At least, 1 RB should be used as the cluster size.
Proposal 1: 10 interlaces with 1 RB cluster size should be considered for 20MHz bandwidth.

For the uplink of LAA, multi-user will be scheduled in the same subframe. Due to LBT mechanism, continue transmission of one UE will block other UEs transmission which performs LBT. Therefore, it is required to leave some blank symbols in some subframes to make LBT. There are mainly two options for the blank symbols. 
Option 1: Blank the last symbol of each uplink subframe for LBT.

Option 2: Blank the first symbol of each uplink subframe for LBT.

There are no essential differences between these two options. Option 1 requires all UEs perform LBT at the last symbol in one subframe while option 2 perform LBT at the first symbol in one subframe. The uplink of LAA should support the transmission of SRS and the legacy SRS is transmitted in the last symbol in one subframe. If the last symbol is set blank symbol for LBT, SRS will have to be redesigned. Therefore, in order to avoid repeated design, it is a good choice to make the first symbol as the blank symbol for LBT. 
Proposal 2: Blank the first symbol of PUSCH for LBT.
The proposed subframe structure of PUSCH is shown as in Figure 1. The first symbol is blank for LBT. Uplink reference signal will be located in 4th and 11th symbols. Other symbols are used for data transmission. SRS location should be FFS. There are also some discussions on whether each PUSCH subframe should have blank symbol or not. If blank symbol is not included in each PUSCH subframe, UL grant should support blank symbol indication. 
Another issue for PUSCH design is whether partial subframe (less than 13 symbols) should be supported or not. Supporting uplink partial subframe transmission could improve spectrum efficiency at the cost of scheduling complexity. The scheduling of uplink depends on the UL grant in PDCCH. It is required that flexible UL grant design is introduced to support partial subframe transmission. Comparing with the partial subframe transmission in the downlink, partial subframe will mostly happen in the first and/or last subframe in one transmission burst. For the first subframe transmission in the uplink, if one UE fail to access the uplink channel due to LBT in the first symbol, in the following symbols, the chance to access is even less because of other UE’s transmission. Besides, even for the downlink, only half subframe transmission is used. If partial subframe is used in the last subframe, extra specification works are required, including partial subframe design and accordingly UL grant adjustment. However, the benefit of introducing of uplink partial subframe is not very clear now. Therefore, 
Proposal 3: Partial subframe transmission is not supported for LAA PUSCH.
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Figure 1 Subframe structure for LAA PUSCH
3. UP grant design
Based on the latest discussion for the design of UP grant, three options are listed:

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

Option 2 is a simple way to indicate uplink transmission. One UL grant schedules one subframe. Option 2 could reuse legacy UL grant design and is flexible to fit different subframe length. But the disadvantage of option 2 is overhead consumption. Option 1 is a conjunction design in N subframes. Option 3 will ensure the success transmission at the cost of reserve some uplink resources. 
Proposal 4: Option 1 is proposed for UP grant. 

For option 1, one UL grant will have the capability to schedule up to N uplink subframe transmission. Obviously, with the increase of number N, the length of UL grant will also increase. There are at least two methods to limited the length of UL grant. One way is to limit the maximum value of N, such as 4. If more uplink subframe are request to be scheduled, cross-scheduling is used. The other way is to use unify design for some information, e.g. RB allocation, MCS, power control etc.
4. Conclusion
In this contribution, we provide some discussions on the design of LAA PUSCH. Some proposals are given. They are:
Proposal 1: 10 interlaces with 1 RB cluster size should be considered for 20MHz bandwidth.

Proposal 2: Blank the first symbol of each uplink subframe for LBT.
Proposal 3: Partial subframe transmission is not supported for LAA PUSCH.

Proposal 4: Option 1 is proposed for UP grant. 
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