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1 Introduction

eLAA WI was already completed by RAN1#86. For both PUSCH and SRS, the LBT scheme could be CAT4 LBT or 25us LBT. The past discussions didn’t consider any transient time tx-rx switching and rx-tx switching, however, such transient impacts LBT operation a lot. So, in this contribution, we discuss the potential issues and solutions for LBT operation with the assumption of realistic tx-rx switching time and rx-tx switching time. 
2 Discussions  
In the real transmission and reception, tx-rx switching time and rx-tx switching time are necessary for the UE to adjust its hardware. According to RAN4 specification [1], the requirement on transient period is 20us. Further, the exact timing for transient period depends on uplink channel type. As shown in Figure 1, for PUSCH, the OFF-ON transient period is after the subframe start timing and the ON-OFF transient period is after the subframe end timing. While for SRS, OFF-ON transient period is before the subframe start timing and ON-OFF transient period is still after subframe end timing. There is no requirement on exact power in transient period.
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Figure 1: Transient period for PUSCH
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Figure 2: Transient period for SRS

The above transient period may have impact on CCA measurement. The actual transmission power is not specified in power transient period. When CCA slot of a UE overlaps with transient period of another UE, 
· If it is OFF-ON transient period, the CCA measurement may be lower than ED threshold if the ramping power is quite low at the beginning of transient period, e.g. CCA by WiFi falling into transient period of LAA UE’s OFF to ON power transient period, which causes undesirable collision; 

· If it is ON-OFF transient period, the CCA measurement may be higher than ED threshold due to the tailing power in transient period. E.g. CCA by UE1 before PUSCH in subframe n after SRS transmission by UE2 in subframe n-1, which causes unnecessary blocking. 
Observation 1: Long transient period is harmful to CCA measurement. 
2.1 OFF-ON transient time
For PUSCH as in Figure 1, it is straightforward that CCA slot still ends at the subframe boundary. While for SRS as in Figure 2, it needs clarification on the assumption of CCA measurement timing. Two options could be considered. 
· Option 1-1: CCA slot ends before the start of the transient period, as shown in Figure 3(a);

· Option 1-2: if shorten transient period, transient period may become a part of CCA slot, as shown in Figure 3(b), so that CCA slot ends before the start of SRS symbol. 
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Figure 3: relation between CCA slot and transient period

Option 1-1 exactly follows current specification, however, it may result in inter-UE blocking if different UE implements different length of transient period. As shown in Figure 4, a low end UE 1 may use full 20us for power transition, while a high end UE 2 may have a very quick transient period, e.g. less than 10us. Assuming subframe timing for the two UEs are aligned, the transmission power in the first 10us of transient period of UE 1 will block the CCA operation of UE 2. This violates a design target agreed long before, i.e. eLAA allows multiple UEs transmit in the same UL subframe by FDM or MU-MIMO. We think it is a critical issue. We may allow low end UE to get reduced performance for itself, however, the problem here is a low end UE causes performance degradation of other UEs including high end UE. 

[image: image4.emf]SRS symbol

SRS symbol

CCA slot

CCA slot

End of OFF power

Start of ON power

End of OFF power

20us transient period

10us transient period

UE 2

UE 1

CCA blocking


Figure 4: inter-UE block by different transient period

As a solution, all UEs may implement the same length of OFF-ON transient period. For the UL LBT operation, a UE is required to complete LBT operation T us before the SRS symbol start boundary and then the UE can transmit SRS symbol, T us is a common length of transient period. T may equal to 20 if following existing specifications. 

Option 1-2 may work with increased UE complexity. Since a UE only does CCA measurement in at least 4us in a 9us CCA slot, enforcing shorten transient time, e.g. less than 5us may avoid above negative impacts. Whether it is a workable solution should be further discussed in RAN4. A drawback is option 1-2 results in different CCA and transient period management for PUSCH and SRS. 
Observation 2: All UEs should assume the same timing to complete UL LBT for SRS to avoid inter-UE blocking. 

Proposal 1:  A UE is required to complete LBT operation T us before the SRS symbol start boundary, Tus is a common length of transient period.
2.2 ON-OFF transient time
In eLAA, we have the following design on the time to start PUSCH transmission, i.e. 
Agreements: (RAN1#85 Email discussion [85-05-03])
· 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  
The scenario for “25 us after start of DFTS-OFDM symbol 0” is that there is a PUSCH transmission from another UE in the previous subframe. If ideally there is no ON-OFF transient period for the other UE, this option could generate a gap of 25us which is free from any interference. The desired UE may detect the 25us period as idle and start PUSCH transmission. However, considering up to 20us ON-OFF transient period, it is likely the UE cannot sense the 25us as idle, so that PUSCH transmission is blocked. “25 us + TA value after start of DFTS-OFDM symbol 0” is for the case that previous subframe is a full DL subframe. Similar issue exists. Again, 2 options may be considered. 
· Option 2-1: CCA slot starts after the end of the transient period;

· Option 2-2: if shorten transient period is used, transient period may become a part of CCA slot, so that CCA slot starts from the end of SRS symbol. 
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Figure 5: relation between CCA slot and transient period

Option 2-1 is aligned current behaviour handling transient time. However, the agreement on “25 us after start of DFTS-OFDM symbol 0” and “25 us + TA value after start of DFTS-OFDM symbol 0” needs further revision, to avoid blocking PUSCH due to ON-OFF transient period in the previous subframe. Multiple UEs should assume a common value for the ON-OFF transient period, so that the multiple UEs could start PUSCH transmission simultaneously. Denoted the length of the common ON-OFF transient period as x, the above agreement on start timing of PUSCH should be revised as

· 25 us + x after start of DFTS-OFDM symbol 0 

· 25 us + TA value + x after start of DFTS-OFDM symbol 0
Similar to option 1-2, main drawback of option 2-2 is increased UE complexity. Whether it is a workable solution should be further discussed in RAN4. It is worth noting that the position of shorten transient period is different between option 1-2 and option 2-2. That is, transient period is at the back for option 1-2, while it is in the front for option 2-2. 
Proposal 2: 2 options on start timing of PUSCH should be revised as

· 25 us + x after start of DFTS-OFDM symbol 0 

· 25 us + TA value + x after start of DFTS-OFDM symbol 0
Proposal 3: Sending LS to RAN4 to clarify their understanding/decisions on length of transient period.
3 Conclusions
In this contribution, we clarify our understanding on relation between CCA slot and tx-rx/rx-tx switching time. We made the following observations and proposals. 
Observation 1: Long transient period is harmful to CCA measurement. 
Observation 2: All UEs should assume the same timing to complete UL LBT for SRS to avoid inter-UE blocking. 

Proposal 1:  A UE is required to complete LBT operation T us before the SRS symbol start boundary, Tus is a common length of transient period.
Proposal 2: 2 options on start timing of PUSCH should be revised as

· 25 us + x after start of DFTS-OFDM symbol 0 

· 25 us + TA value + x after start of DFTS-OFDM symbol 0
Proposal 3: Sending LS to RAN4 to clarify their understanding/decisions on length of transient period.
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