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1. Introduction

In the email discussion after RAN1#85, we made a following agreement related to SRS transmission.
	Agreements:

· For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe,

· If the aperiodic SRS is followed by PUSCH without a gap between SRS and following PUSCH,

· UE performs LBT indicated for the following PUSCH.

· If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH,

· Within eNB’s channel occupancy, UE performs 25 usec one shot LBT

· Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1.

· Choose one of the following options:

· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7].

· Option 2: UE performs Cat 3 LBT with CWS 7.

· Option 3: UE performs Cat 4 LBT.

· FFS: SRS transmission if the gap between SRS and following PUSCH is smaller than Xus.

· FFS the exact value of X > 25us
	


Regarding FFS part, this contribution discusses how to transmit SRS and following PUSCH if there is a gap between them.
2. Discussion
In the email discussion [85-5-3], the following was agreed on PUSCH structure for eLAA.
	Agreements:

· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1
· 25 us after start of DFTS-OFDM symbol 0
· 25 us + TA value after start of DFTS-OFDM symbol 0 
· FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol
· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol
· Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length
· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.


A UE can be scheduled with aperiodic SRS that is not multiplexed with PUSCH in the same subframe and PUSCH in the next subframe. Besides, the starting position of PUSCH scheduled for the UE in the next subframe can be 25 us (+TA value) after start of DFTS-OFDM symbol 0, then LBT type for the PUSCH has to be 25 us CCA based LBT. In this case, 25 us (+TA) may be insufficient to perform 25 us CCA based LBT considering SRS time mask [1].
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Figure 1. Illustration for the transmission of SRS in SF#n and PUSCH in SF#n+1
As shown in Fig. 1, UE can start to perform CCA after transient period (i.e., 20 us in general) from the end of SF#n. In order to begin transmitting PUSCH after 25 us (+TA) from the start of SF#n+1, UE has to complete LBT procedure only within 5 us (+TA). It should be noted that this problem is not limited to SRS which is not multiplexed with PUSCH in the same subframe but also applied to SRS which is multiplexed with PUSCH in the same subframe.

The simple way to resolve the problem is not to allow PUSCH starting position of 25 us (+TA) after start of DFTS-OFDM symbol 0 for PUSCH followed by SRS in the previous subframe. In other words, UE expects to be scheduled with DFTS-OFDM symbol 0 or DFTS-OFDM symbol 1 as PUSCH starting position if SRS is scheduled to transmit in the previous subframe. Another solution can be that SRS transient period from ON to OFF is absorbed in SRS transmission duration only if the gap between SRS and following PUSCH is 25 us (+TA).
However, if transient period for LAA SCell is decreased (e.g., 5 us) by RAN4 decision, 25 us (+TA) can be sufficient to perform 25 us CCA based LBT even if SRS transient period is not contained in SRS symbol duration.
Suggestion: In case of transient period of 20 us, if SRS in SF#n and PUSCH in SF#n+1 are scheduled for the same UE, 25 us or 25 us + TA gap is not allowed between SRS and the following PUCH.
· Note: This can be revisited depending on RAN4 decision related to transient period at UE side for LAA SCell.

3. Summary and conclusions

In this contribution we discussed how to transmit SRS and following PUSCH if there is a gap between them and suggested following.
Suggestion: In case of transient period of 20 us, if SRS in SF#n and PUSCH in SF#n+1 are scheduled for the same UE, 25 us or 25 us + TA gap is not allowed between SRS and the following PUCH.

· Note: This can be revisited depending on RAN4 decision related to transient period at UE side for LAA SCell.
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