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1 Introduction

SRS transmission on unlicensed cells is one of the functionalities to be supported. RAN1 had achieved some agreement that both Aperiodic SRS with and without PUSCH is supported in Re-14 eLAA WI [1]. The email discussion [85-5-6] tries to conclude the LBT aspects for both cases. The agreement 7 in [85-5-6] finalized some aspects of LBT while still some issues remain open. This contribution discusses the FFS point of SRS transmission when the gap between SRS and following PUSCH is smaller than Xus. The CWS adjustment issue and LBT type indication is discussed in our companion contribution [2].
Agreement 7:
·     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
2 Discussion  
During the discussion, the concern of length of the gap between SRS and PUSCH may not be enough for UE to finish Tx/Rx transition and CCA is raised. The scenario is SRS transmission in last symbol of subframe n and PUSCH transmission starting from Xus within the first symbol of subframe n+1 from the same UE. Within this X us, UE shall perform Tx->Rx transition, then perform CCA, and then Rx->Tx transition. 


[image: image1.emf]Subframe n+1 Subframe n

SRS DL transmission PUSCH

X us Gap

Tx->Rx transition CCA Rx->Tx transition


Figure 1

According the current LTE requirement, the time for Tx/Rx switching which is mainly for circuitry in the terminal or base station to switch from downlink/uplink to uplink/downlink is 20us. It is roughly calculated that X us would be 20+25+20=65us for UE to finish two switching and perform CCA measurement. 
It corresponds to two options of PUSCH starting position, i.e. #1 SC-FDMA symbol or 25us+TA (more applicable when a UL transmission is following a full DL subframe) within #0 SC-FDMA symbol. It is always guaranteed that one symbol blanking is enough, while 25us+TA depends on the value of TA. For another option of PUSCH starting position of 25us, the gap is never enough for UE to finish all these procedures even if the Rx/Tx switching time of UE could be reduced, e.g. to ~5us (similar to WiFi). 
When the gap is not long enough, UE should drop the SRS and try to transmit the following PUSCH after LBT for PUSCH. Actually, both aperiodic SRS transmission without PUSCH and with PUSCH is exactly under eNB’s control by UE-specific triggering (no group-specific or cell-specific SRS triggering mechanism for Rel-14 eLAA). Therefore, SRS dropping could be avoided by eNB scheduling. On the other hand, eNB may adjust the scheduling strategy with the incoming UL traffic after the triggering of SRS. eNB would prefer some UE to drop the SRS in return for earlier channel access of PUSCH  for several other UEs (e.g., 25us gap for 25us LBT) in the next subframe. In that case, if eNB still considers beneficial to transmit SRS by certain UE, eNB could trigger aperiodic SRS with PUSCH. 
The exact value of the minimum time for Tx->Rx/Rx->Tx transition should be evaluated by RAN4. Besides, it is noted that the CCA slot can include at least part of Rx->Tx switching time. It is required energy detection should be performed for at least 4us within the slot duration [3]. For WiFi, the remaining 5us could be enough for Rx->Tx switching.  For LAA UEs, it would be desirable to finish energy detection and Rx->Tx switching within the CCA slot. 
Proposal 1: SRS should be dropped when the gap between SRS and the following PUSCH is not long enough for Tx/Rx switching and CCA measurement. The exact value of minimum time for Tx->Rx/Rx->Tx transition should be evaluated by RAN4. 
There is another related issue of processing time between SRS and following PUSCH is power transient time. The transmit ON to OFF power transient period of all UL channels/signals (PUSCH/SRS on unlicensed carriers) is after the end of the UL subframe, while transmit OFF to ON power transient period of PUSCH is at the beginning of UL subframe but the transient period of SRS is prior to the UL symbol boundary. As illustrated in Figure 2, the X us between SRS and following PUSCH should also include SRS ON to OFF power transient period.  The power transient period is currently 20us by RAN4 requirement. How much could be reduced needs to be evaluated by RAN4.  
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Figure 2

In addition, the power transient period of SRS have impact on CCA measurement. The actual transmission power is not specified in power transient period. When CCA region overlaps with power transient period, the energy detection would be affected. For one hand, the detected energy would be higher than the threshold due to the trailing power in transient period, such as CCA before PUSCH in subframe n after SRS in subframe n-1, which causes unnecessary blocking. On the other hand, the detected energy would be lower than the threshold due to quite low ramping power at the beginning of transient period, such as CCA by WiFi falling into transient period of LAA UE’s OFF to ON power transient period, which causes undesirable collision. For synchronized LAA UEs, the transient period does not interfere energy detection result by stagger the CCA region and transient period. For example, the CCA before SRS should be finished before the start transient period of SRS, or CCA before PUSCH starts after the end transient period of SRS/PUSCH. However, for unsynchronized UEs, e.g. UEs under other LAA node or WiFi may perform CCA measurement in the transient period. Therefore, it would be desirable to shorten the transient period to reduce the impact to CCA measurement. In effect, a UE should ramp up its transmission power above a certain level quickly within transient time, though not stabled, to avoid other neighbour LAA/WiFi nodes sense the channel idle.
Proposal 2: CCA before SRS should be finished before the start transient period of SRS, while CCA before PUSCH should be after the end transient period of SRS/PUSCH.  The exact value of minimum time for start/end transient period should be evaluated by RAN4. 
3 Conclusions
Based on the discussion above, the followings are proposed:
Proposal 1: SRS should be dropped when the gap between SRS and the following PUSCH is not long enough for Tx/Rx switching and CCA measurement. The exact value of minimum time for Tx->Rx/Rx->Tx transition should be evaluated by RAN4. 

Proposal 2: CCA before SRS should be finished before the start transient period of SRS, while CCA before PUSCH should be after the end transient period of SRS/PUSCH.  The exact value of minimum time for start/end transient period should be evaluated by RAN4.
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