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1 Introduction
LBT potential requirement was initially discussed in [1] [2] in Beijing meeting without extensive discussion between companies. This contribution gives some further considerations on LBT requirement in RAN4.
2 Discussion
LBT mechanism is newly introduced by unlicensed spectrum operation in 5GHz in 3GPP. But similar mechanisms were already specified in IEEE 802.11[3] and European regulatory specification [4]. This section discusses how requirements are defined in these specifications first and then discusses how to address these requirements in 3GPP specification.
2.1 Background about LBT requirement
2.1.1 LBT requirement in Wi-Fi
CCA sensitivity is the only LBT related requirement and specified in the receiver requirement part [3].
20.3.21.5.2 CCA sensitivity in 20 MHz 

For an HT STA with the operating channel width equal to 20 MHz, the start of a valid 20 MHz HT signal at a receive level equal to or greater than the minimum modulation and coding rate sensitivity of –82 dBm shall cause the PHY to set PHY-CCA.indicate (BUSY) with a probability > 90% within 4 μs. The receiver shall hold the CCA signal busy for any signal 20 dB or more above the minimum modulation and coding rate sensitivity (–82 + 20 = –62 dBm) in the 20 MHz channel.
CCA sensitivity ensure that the receiver can detect the signal present at the antenna port correctly which is the first main factor to guarantee LBT mechanism workable. The requirement is necessary however, above this CCA sensitivity requirement, no corresponding standard test was found in the specification as well as some other test plan documents. 
2.1.2 LBT requirement in EN

In [4], two kinds of LBT mechanism based on frame and load were specified in section 4.3.9.2, with corresponding conformance test procedure defined in section 5.3.9. The periods of idle and transmission are tested as well as the behavior of stopping transmission when injecting an interfering signal. But this LBT mechanism and LBT test are seldom used in any product so far.
2.2 LBT requirement in 3GPP
In 3GPP, new LBT mechanism is adopted in RAN1 and the procedure is captured in section 7.2.1.6 in [5]. Last meeting, some agreements on the detail made in RAN1 is copied as below:

Agreements:
· For LBT operation, an ECCA slot size of 9 µs is used
· The actual sensing time is at least 4 µs within the slot.
· For LBT Category 4 operation for PDSCH 
· A defer period consists of a duration of 16 us followed by n consecutive CCA slots.
· n is a positive integer
· The duration of a CCA slot is 9 us.
· FFS on number of slots in the defer period, e.g., n for different QoS classes.
· No count down is performed during the duration of 16 µs at the start of the defer period.
· The backoff counter may be decremented by one at the end of a defer period when all the n slot are observed to be idle.
· If the counter reaches 0 after decrementing, the node shall not transmit immediately and continues the ECCA procedure by performing a CCA check for at least one slot
FFS: The defer period may be aborted when the channel is observed to be busy anytime in the differ period
It is clear that two kinds of LBT requirement may be needed to verify LBT mechanism: one is like CCA sensitivity in 802.11 which can ensure the channel sensing capability, the other is like LBT procedure in European harmonized standard which can verify the back-off implementation. Whether it is necessary to define these kinds of requirements needs further study in RAN4. And to be more important whether it is feasible and effective to verify these requirements also need further study when we specify them.
CCA sensitivity

For CCA sensitivity, CCA sensing time is at least 4us and at most 9us which is an ECCA slot size as RAN1 agreed. The injected interfering signal level should be equal to the CCA threshold which has not been agreed in RAN1. In RAN4, the variation of the interfering signal and the test uncertainty should also be considered. 
However, what should be the sensing probability, the same as Wi-Fi of 90% or higher value for only energy detecting? For Wi-Fi, preamble should be demodulated for channel sensing and demodulation error could occur but for energy detection, where the error could be from? On top of these things, BS should also support to report CCA sensing result only for the test. 
Back-off procedure
For back-off procedure, it seems that more things are needed. The first thing is a specific procedure should be designed including when the interfering signal should be injected. This is not very easy to be agreed upon in RAN4. Then how to set up n in the defer period and N in the back-off counter if we want to test the duration of idle period. In order to set up these parameters, base station should open some interfaces and make these parameters configurable.
To be simple for the requirement and conformance test, we can have another choice, only test a behavior that the BS will stop transmission when receives an interfering signal. This behavior test does not include multiple repeated tests like in section 2.1.1 and any duration time test like in section 2.1.2. It seems more effective and proper for LAA application.
3 Conclusion

Background for LBT requirement and conformance test is reviewed in section 2.1 first and LBT requirement is 3GPP is discussed in section 2.2. Based on the discussion, LBT requirement definition needs further study and an effective test is preferred for LAA.
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