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1. Introduction
The eLAA work item was approved in RAN #70[1]:
The detailed objectives of the work item are to specify support for the following functionalities:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]
· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point
· Specify support for PUSCH and SRS
· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.
· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
At RAN1 #80bis, the following agreements were reached:
             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

There are requirements on the occupied channel bandwidth and power density for unlicensed carrier access in Europe [2]. Some of the  requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is defined as the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). 

In this paper, we provide our views on SRS for LAA.
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Periodic SRS and aperiodic SRS can be used to probe the channel from a UE to an eNB, the obtained information can be used in multiple ways: one use is to enable uplink frequency selective scheduling, another use is to enable SDMA in uplink through identifying compatible UEs to be paired in their uplink transmissions. By exploiting channel reciprocity, in a TDD system, the obtained information can be also used in downlink scheduling. 

Consider uplink transmission and multiplexing capacity, subband SRS and wideband SRS can be the right choice for a specific deployment or a specific UE. 

As for waveform design, SRS is built with a ZC sequence with a frequency comb. Assuming each UE uses one Tx antenna, at one frequency comb and using wideband SRS, up to 8 cyclic shifts (separated by 8.33 microseconds between adjacent shifts) can be used to derive SRS for different UEs. With 2 frequency combs, then 16 UEs can be supported. We have

Observation: with two frequency combs and wideband SRS, up to 16 UEs can transmit SRS simultaneously assuming each UE transmits with one Tx antenna.




3. SRS design in LAA 

From the agreements in RAN1 #80bis, aperiodic SRS should be supported in LAA.  

Periodic SRS potentially can provide more opportunities for UEs to transmit SRS, and modified SRS may provide a higher capacity in SRS transmission. Whether periodic SRS should be supported, and any potential modification on SRS are both tied to the question how many UEs are expected to use SRS at the same time.

It is clear from the occupied channel bandwidth requirements, support of subband SRS would not be straight forward in LAA. 

Also it is clear defining a channel access scheme for periodic SRS cannot follow the channel access scheme for PUCCH/PUSCH/PRACH, because SRS as of today's is located at the last symbol in a subframe; an ongoing PUSCH transmission scheduled by the same eNB could block the transmission of SRS. 

From these considerations, we have

Proposal: aperiodic wideband SRS should be the baseline design in LAA. 
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4. [bookmark: _Ref129681832]Conclusion
In this contribution, we provide our views on SRS design in LAA. We have 
Observation: with two frequency combs and wideband SRS, up to 16 UEs can transmit SRS simultaneously assuming each UE transmits with one Tx antenna.

Proposal: aperiodic wideband SRS should be the baseline design in LAA. 
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