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1
Introduction
In RAN1#84, the following agreement was made on SRS transmission in LAA.

Agreement on SRS design:
· Aperiodic SRS transmission with PUSCH is supported in eLAA

· Enhancements of aperiodic SRS transmission and/or triggering are not precluded

· FFS: Aperiodic SRS transmission without PUSCH

In this document, we discuss various aspects of the SRS design for LAA. 
2
SRS design
As proposed in [1] and [2], UL PUSCH and PUCCH transmissions in LAA are based on an interlace structure. Such an interlace structure, in which RBs are uniformly spaced in frequency allows each UE to transmit at almost peak power and still satisfy the power spectral density constraint imposed by regulation (see Figure 1 for the interleaved transmission of PUSCH on the UL).
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Figure 1: Interleaved transmission (PUSCH example)
We note that as the RBs of each interlace are spaced uniformly in frequency, transmission on one or more interlaces may provide an effective mechanism to sound the UL channel. 
We thus propose the following candidates for SRS transmission in the unlicensed spectrum

1. Interlace based transmission

2. Comb based transmission (as in the current LTE spec) with some constraints on the transmission bandwidth to enable transmission at full power

3. Interlace + Comb based transmission in which only every alternative tone in each RB of an interlace is occupied by a given UE. In this design, 2 UEs can be multiplexed in frequency on the same interlace doubling the capacity of the SRS
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Figure 2: Comb + interlace design of SRS located in the second symbol of each subframe
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SRS procedures
3.1
Location of transmission

In general, they are several types of UEs whose PUSCH and PUCCH may be scheduled in a given subframe. For example,
1. UEs which transmit SRS along with PUSCH

2. UEs which transmit only SRS but not PUSCH and PUCCH

3. UEs which transmit only PUSCH without SRS

4. UEs which only transmit PUCCH without SRS
5. UEs which may transmit PUCCH and SRS
To satisfy the needs of each of these UEs, as illustrated in Figure 2, the ideal location for transmission of SRS is right after the symbol on which LBT is performed in a subframe. 
In such a scenario, UEs which need to transmit only PUSCH or PUCCH but not SRS would need to occupy the channel in the OFDM symbol in which other UEs may transmit their scheduled SRS. To enable this functionality, we propose that one of the 10 interlaces be dedicated to occupying the medium by such UEs so that there is no break in transmission after this LBT. Each UE would perform LBT in symbol 0, transmit an SRS like signal on this designated interlace in symbol 1 of the subframe upon LBT success and then continue to transmit either PUCCH or PUSCH starting from symbol 2 of the subframe. The eNB would then just ignore this interlace for SRS processing. 
3.2
Periodic vs Aperiodic SRS

In LAA, it is expected that dynamic TDD where each transmission burst may have a different number of DL and UL subframes would be used as a transmission scheme. Due to the shared nature of the medium in addition to dynamic TDD, it would be inefficient to configure SRS periodically (as a function of absolute system time) even if gated by the success of UE LBT at the transmission instance. 

One approach to configuring periodic SRS is determine the locations relative to the end of a DL transmission burst. For example, if the periodicity is 2 subframes, then the first and the third (if available) UL subframe after the end of DL transmission would contain the SRS transmission. Such a scheme might be beneficial if the eNB wants the UEs to sound all the antenna ports available in quick succession. This information can then be used for DL scheduling in the next few transmission bursts. 

3.2
SRS in special subframe

If LAA supports a configuration wherein a downlink partial subframe is followed by a gap for LBT and followed by an uplink special subframe, then the uplink special subframe may be used for SRS transmission by various UEs as shown in Figure 3.
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Figure 3: SRS transmission in UL special subframe
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Conclusions
Proposal 

1. SRS has an interlace structure, comb or a interlace + comb structure

2. SRS is located in the second symbol of a subframe and/or in the UL special subframe
3. One of the SRS interlaces is designated for UEs which do not have SRS scheduled in that subframe to enable transmission continuity after LBT.
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