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1. Introduction

In the previous RAN1 LAA ad-hoc meeting, following two agreements were made for the support of UL scheduling and transmission in LAA [1]. 
	Agreements:
· Recommend to support asynchronous UL HARQ for UL LAA operation 
Agreements:
· Target the support of UL multiplexing of multiple UEs in one subframe by
· Multiplexing in frequency domain
· The supported resource assignment (e.g. number and location of allocated RBs) is FFS
· Multiplexing by MU-MIMO


In this contribution, we discuss and provide our view on UL scheduling and transmission in LAA, in terms of HARQ operation, multi-UE multiplexing, and UCI signaling. For easy explanation, a cell deployed in unlicensed band is denoted as “U-cell” and a cell deployed in licensed band is denoted as “L-cell” hereafter. 
2. Discussion 
2.1. Asynchronous HARQ for U-cell UL
Considering application of asynchronous HARQ operation for UL scheduling on U-cell, at least following three points are to be considered first and we provide our view on each of them as below. 
● Use of PHICH feedback
With consideration of applying asynchronous UL HARQ and aperiodic DL/UL subframe occurrence in U-cell, there seems to be no reason to use PHICH feedback in UL scheduling for U-cell.
● Number of HARQ processes
Considering asynchronous UL HARQ with 4ms HARQ timing (i.e., UL grant to PUSCH) defined in Rel-8 FDD which is the minimum latency required from UL grant reception to PUSCH transmission, maximum 8 UL HARQ processes seems be reasonable for Ucell. 
● Contents of UL grant DCI
Regarding asynchronous UL HARQ process, at least two fields of HARQ process number and RV (Redundancy Version) are required to be signalled in UL grant DCI. For this reason, potential increase in size of UL grant DCI (e.g. DCI format 0, 4) may be necessary to consider in terms of DCI overhead, which may also requires DL grant DCI overhead increase to match the sizes of DCI format 0 and 1A . 
Suggestion 1: Consider the followings as baseline assumption to support asynchronous UL HARQ for LAA

- PHICH is not used

- 8 UL HARQ processes are supported
- UL grant DCI consists of HARQ process number and redundancy version fields

2.2. Multi-UE multiplexing in U-cell
Regarding UL multiplexing of multiple UEs, one issue to be clarified is to apply EU regulation on BW occupation in unlicensed band for UL transmission in LAA U-cell [2]. Specifically, EU regulation for some 5 GHz bands mandates that occupied channel BW shall be larger than 80% of the nominal channel BW. On this issue, it is to be clarified first which time unit (e.g. symbol level or subframe level) would be used to check whether UL transmission from UE in LAA U-cell can satisfy the regulation. 
Depending on the time unit to apply the regulation, possible candidates for UL resource allocation and transmission in LAA U-cell might be different as the followings.

■ In case of applying the regulation per symbol

● Alt 1: equally-spaced sub-carrier based resource allocation
With this method, set of equally-spaced sub-carriers is used as a unit for PUSCH resource allocation. This method can provide low PAPR, but new resource allocation scheme is to be introduced. In this case, resource allocation flexibility (as well as satisfaction of regulation) would be dependent upon value of the subcarrier spacing.
● Alt 2: equally-spaced RB (group) based resource allocation

With this method, set of equally-spaced RBs (or RB groups) is used as a unit for PUSCH resource allocation. This method can keep current RB granularity, but PAPR might be higher compared to Alt 1. Also in this case, resource allocation flexibility (as well as satisfaction of regulation) would be dependent upon value of the equal-spacing.
■ In case of applying the regulation per subframe

● Alt 1: slot hopping based PUSCH transmission

With this method, PUSCH signals in two slots are transmitted through two different RB regions satisfying the regulation. However, it might be difficult to multiplex many UE’s PUSCH transmissions in a same subframe satisfying the regulation. 
● Alt 2: SRS accompanied PUSCH transmission

With this method, PUSCH is transmitted by accompanying SRS transmission where RB regions for PUSCH and SRS satisfy the regulation. In this case, transmission BW and/or number of SRS(s) would be different according to PUSCH RB region.

Regarding multi-UE MIMO support, on top of DMRS cyclic shift and orthogonal cover code signaling defined in existing LTE system, there seems be no strong motivation to introduce special enhancements on the PUSCH multiplexing structure for supporting multi-UE MIMO in LAA U-cell. On the other hand, further considerations may be necessary on the LBT operation to support simultaneous transmission of multiple UEs in a same subframe for both FDMA and MU-MIMO on unlicensed carrier UL.
Suggestion 2: For the FDMA on LAA UL, it is necessary to clarify the regulation related BW occupation in unlicensed band. Consider proper UL resource allocation and transmission methods to be compliant with the regulation related BW occupation 
2.3. UCI signalling on U-cell
Considering UCI feedback reliability and uncertainty of CCA by UE for UL transmission, it would be desirable that PUCCH/PUSCH conveying UCI is not transmitted in U-cell. 
Suggestion 3: PUCCH/PUSCH conveying UCI is not transmitted on U-cell
3. Summary and conclusions

In this contribution, we discussed on UL scheduling and transmission in the LAA U-cell. Based on above, we suggest:

Suggestion 1: Consider the followings as baseline assumption to support asynchronous UL HARQ for LAA

- PHICH is not used

- 8 UL HARQ processes are supported

- UL grant DCI consists of HARQ process number and redundancy version fields

Suggestion 2: For the FDMA on LAA UL, it is necessary to clarify the regulation related BW occupation in unlicensed band. Consider proper UL resource allocation and transmission methods to be compliant with the regulation related BW occupation 

Suggestion 3: PUCCH/PUSCH conveying UCI is not transmitted on U-cell
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