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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#80bis, the agreement regarding LAA SRS is as following [1]:
Agreements:
· Support of SRS transmissions on LAA SCell is recommended for LAA UL
· For a UE, SRS transmission with PUSCH is supported
· FFS if SRS transmission without PUSCH is supported
· If supported, FFS whether with or without LBT
[bookmark: _GoBack]In this contribution, we mainly focus on SRS transmission on unlicensed carrier.
Discussion
If LBT is performed at one or more symbols of a subframe, only the remaining symbols can be used for UL transmission. The LBT symbol positions may be different for different scenarios. Following figure shows two possible subframe structures where the LBT symbol is at the starting first symbol or the ending first symbol.
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SRS is always transmitted in the last symbol of the normal UL subframe in legacy releases. In R13 FD-MIMO WI item, SRS transmission in multiple symbols of the UpPTS part of the special subframe is introduced. There are two types of SRS: Periodic and aperiodic. The aperiodic SRS is triggered by UL grant and companied with PUSCH. While the periodic SRS is only configured by the periodicity and offset and there may be no simultaneous PUSCH transmission.
If the last symbol of a subframe is used for LBT, and SRS transmission is configured/triggered on that subframe, SRS transmission may be impacted. Depending on different transmission combinations, there will be four different cases, and the corresponding solutions are as following:
· Case 1: If this is SRS only transmission, shifting of SRS to other available symbols can solve the issue. 
· Case 2: If there is simultaneous PUSCH transmission with SRS, and PUSCH is used to carry data only, shifting SRS and puncturing corresponding PUSCH symbol can be considered. 
· Case 3: If there is simultaneous PUSCH transmission carrying control information such as HARQ, RI and CQI, shifting SRS can also be used. In legacy releases, HARQ is mapped to the adjacent symbols of DMRS, RI is mapped to the adjacent symbols of HARQ, and other remaining symbols are used for data mapping. It is desirable that shifting SRS leads to little impact to control information, and impact to data information can be partially recovered by robust channel coding, etc.
· Case 4: If there is simultaneous PUCCH transmission, shifting SRS or discarding SRS can be considered depending on the priority comparison between different PUCCH formats and SRS. If SRS is going to occupy the PUCCH symbols, OCC length reduction or information bits reduction of PUCCH can be considered.
Conclusion
In this contribution, we analyzed the SRS transmission on unlicensed carrier, especially in subframes with LBT symbols, and our proposal is as following:
Proposal: SRS transmission impacted by LBT symbols should be studied.
References
[bookmark: _Ref418776036][bookmark: _Ref415649649][bookmark: _Ref408844767][bookmark: _Ref402447549]RAN1#80bis Chairman notes
image2.emf
0 1 2 3 4 5 6 0 1 2 3 4 5

Pcell frame 

structure

LAA Scell 

frame 

structure

Subframe i Subframe i+1

Slot 0

Slot 1

Blank symbol for LBT

Symbol for transmission

...

...

6


image1.emf
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Pcell frame 

structure

LAA Scell 

frame 

structure

Subframe i Subframe i+1

Slot 0

Slot 1

Blank symbol for LBT

Symbol for transmission

...

...


