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1 Introduction
During Rel-13 LAA SI stage [1], the following agreement has been reached about SRS transmission on LAA SCell [2]: 
· 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
Based on the above agreement, in this contribution, we share our views on SRS transmission for LAA uplink. 
2 SRS for LAA UL
SRS transmission is required for maintaining UL timing and facilitating eNB’s UL and DL scheduling (via channel reciprocity).  Further, in order to obtain UL timing and UL CSI, regardless of whether there is data transmission for UE, it is desirable to transmit SRS periodically. For LAA SCell, as DL and UL transmission will most likely operate in TDM manner, the UL CSI may be obtained by using the downlink CSI according to DL/UL channel reciprocity. However, since DL and UL transmission maybe limited due to LBT, it will be difficult for eNB to get channel information feedback from UEs in time. Furthermore, the DL CSI maybe limited as well due to few measurement opportunity and long delay between the measurement and report. Therefore, to support UL transmission on LAA SCell, SRS shall be transmitted, and then DL channel information can be inferred with SRS according to channel reciprocity.
To minimize standardization effort, the time domain position of SRS transmissions shall follow the existing specification. Otherwise, it may lead to a larger specification impact such as PUSCH data mapping and PUCCH etc.
Proposal 1: It is recommended that the time domain position of SRS transmission follow the existing specification.
SRS transmission occupies 1 UL OFDM symbol in current specification. If SRS is transmitted without PUSCH, the minimum value of channel occupancy time may not be satisfied since the minimum value of channel occupancy time should be 1ms with FBE regulation in European. SRS may be considered as “short control signalling transmission” so that a UE can transmit SRS without LBT operation. On the other hand, LBT may have to be applied for SRS to avoid possible collision with other node’s transmission due to some area’s regulation.
We will further discuss the following two cases as well as the corresponding standardization impact:

Case1: SRS transmission with PUSCH.
Case2: SRS transmission without PUSCH.

2.1 SRS transmission with PUSCH
In the case of SRS transmission with concurrent PUSCH, no additional CCA is required before SRS transmission if CCA for PUSCH succeeds according to current SRS structure, i.e. in the last OFDM symbol of the PUSCH transmission. 
The last OFDM symbol of the previous subframe right before the scheduled PUCH subframe has been proposed  as UL CCA position for efficient and fast UL LBT [3]. In this case, if SRS transmission is also on the last OFDM symbol of a scheduled subframe, then UEs’ UL CCA detection may be affected. To solve this problem, one possible way is that some SRS REs are muted for other UEs’ CCA in the same OFDM symbol. For instance, SRS can be transmitted on odd numbered REs while CCA position is located in even numbered REs in frequency domain resource. Furthermore, when multiple UEs simultaneously detect the idle channel, previous SRS multiplexing methods among UEs can also be supported. The advantage of this method is that the standardization effect is small. Though available SRS resource is reduced as CCA position occupies a part of the frequency domain resources.
Figure 1 shows an example of SRS transmission and CCA position in frequency domain. UE1 is scheduled on the SF#1, while UE2 is scheduled on the SF#2. If UE1 detects channel idle on CCA corresponding to frequency domain resource before the scheduled SF#1, then UE1 transmits the SRS signal in the SRS frequency domain resource on the last symbol of SF#1. UE2 performs CCA corresponding to frequency domain resource on the last OFDM symbol of SF#1.
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Figure 1 an example of the frequency domain location of CCA and SRS
Proposal 2: If CCA position conflicts with SRS in time domain, methods to limit the frequency resource location of SRS should be considered.
2.2 SRS transmission without PUSCH 

In the case of SRS transmission without concurrent PUSCH, CCA is needed before SRS transmission. PUSCH transmission from other UEs may be detected during the CCA, thus block the SRS transmission. Moreover, reservation signals before SRS from one UE would also block SRS from other UEs if LBE is applied. FBE with aligned gap in the last OFDM symbol of PUSCH would alleviate the blocking. But the transmission efficiency of SRS is poor if the minimum channel occupancy time is 1ms according to the regulation, i.e. filling the rest of 13 OFDM symbols by padding/reservation signals. In addition, these padding/reservation signals should not interfere with ongoing PUSCH from other UEs. Therefore, in order to solve the problem of low transmission efficiency of SRS, some possible solutions are as follows:

Alt1: introducing separate CCA detection for SRS transmission within a SRS sub-frame.
As shown in Figure 2, UE performs CCA for SRS right before the last OFDM symbol where at least some REs on that OFDM symbol of other UE’s PUSCH need to be punctured. The advantage of this approach is that it can be a good solution to the problem of low transmission efficiency of SRS and reduces the interference of the padding/reservation signals to ongoing PUSCH from other UEs. But these benefits are at the expense of PUSCH resource to a certain extent.
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Figure 2 SRS transmission with LBT
Alt2: SRS transmission without LBT.

In this way, when eNB indicates that SRS can be sent on a particular sub-frame, UE doesn’t perform LBT and transmit SRS. This can reduce the complexity of UE detection and save UE’s power consumption. However, some additional UE signalling maybe required. To support SRS transmission without PUSCH, the method of Alt1 and Alt2 can be considered and further evaluated.

3 Conclusion
In this contribution, we have shared our views on SRS transmission for LAA uplink. We have the following proposals.
Proposal 1: It is recommended that the time domain position of SRS transmission follow the existing specification.
Proposal 2: If CCA position conflicts with SRS in time domain, methods to limit the frequency resource location of SRS should be considered.
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