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Introduction
In RAN4 meeting #78 held in Malta, a plan for LAA coexistence tests was approved [1]. The plan gives a timeline for the specification of Listen Before Talk (LBT) tests and multi-node tests. In this contribution we propose a detailed procedure for LBT tests. The test will address the channel sensing, maximum channel occupancy time (MCOT) and idle time during the back-off procedure.
LBT tests 
Background information
The current RAN4 plan for defining LBT tests and multi-node tests is summarized in Table 1 [1]. 
[bookmark: _Ref447031890]Table 1. Detailed time plan for coexistence test design for LAA.
	Meeting
	Task
	Output

	RAN4#78
February 2016
	· Agree on the detailed time plan
· Propose test procedures for LBT tests
· Establish the need and the scope for multi-node tests
	· Contributions

	RAN4#78bis
April 2016
	· Agree on actual test procedures for LBT tests
· Propose details on multi-node tests
	· Contributions
· Draft CRs

	RAN4#79
May 2016
	· Agree on the details of multi-node tests
· Finalize the specification 36.141
	· Contributions
· CR for 36.141



In this contribution we only address LBT tests.
Listen Before Talk (LBT) is one of the key elements to ensure co-channel coexistence with other nodes operating in the 5GHz band. In Rel13 the LBT mechanism allows the eNodeB to sense the channel, detect whether interference is present or not, and transmit or back off from transmission. Therefore, the key element of LBT procedure are the capabilities to detect an interferer above the energy detection (ED) level and stay in idle, i.e. back-off from transmission for a given amount of the time. Another essential requirement is the maximum channel occupancy time (MCOT), i.e. the maximum time for which LAA node can use the channel before starting a new contention procedure. 
The above aspects need to be captured by the LBT test. Discussion about a detailed test procedure already started in RAN4 #78 [1][2][3][4]. Based on online and offline discussions, there is a general consensus on defining ED and MCOT tests. We also presented a contribution on a possible approach to test the back-off procedure [3], however based on the feedback received during the meeting, defining a very sophisticated test is out of scope for the LBT test. Furthermore, we do agree with other companies that the overall LBT back-off behaviour will be covered by multi-node test. LBT test can still cover the essential functionality of LBT, i.e. idle time between successive transmissions. In summary, we propose to define an LBT test procedure which covers the following aspects:
· MCOT
· Idle time
· Detection of interferer signal above ED level
Another interesting observation is that a test procedure already exists and is currently being updated in ETSI TC BRAN. Since RAN1 and ETSI BRAN worked very closely and in parallel (ETSI BRAN LBT was the original target for 3GPP), it is natural to take into account the ETSI TC BRAN procedure when defining 3GPP LBT test. This has a very valuable benefit: fulfilling 3GPP specification will automatically allow to be compliant to ETSI regulation. 
[bookmark: _GoBack]A recent proposal to update the test procedure in ETSI EN 301 893 has been made in [5]. Following the ETSI BRAN approach, in the next section we will define an LBT test procedure. In particular, we will describe the general procedure which can be adopted and we will leave some of the settings/parameters for discussion in the RAN4 floor, those values will be indicated with TBD_i.

[bookmark: _Ref447042454]Proposed LBT test procedure
An example of test setup for the LBT test procedure is shown in Figure 1:
· The DUT, i.e. the LAA Base Station is connected to the companion device through a variable attenuator. 
· The interferer generator will generate an interferer signal (see section 2.2.3) which will be used to test capability of DUT to detect a signal above ED level.
· The spectrum analyzer (or an equivalent test equipment) will record the activity of the DUT and allow to determine whether the DUT meet MCOT, idle time and channel sensing requirements.
The figure is based on the approach described in [6]. The test procedure will be described in three subsections:
· Generic test procedure for measuring MCOT, Idle time and detection of interferer signal above ED level 
· Method for recording channel/frequency usage
· Specification of the interferer signal

[image: ]
[bookmark: _Ref447037087][bookmark: _Ref447037083]Figure 1. Example of test setup for LBT testing.
[bookmark: _Ref447041829]Generic test procedure for measuring MCOT, Idle time and detection of interferer signal above ED level 
The test procedure is a conducted measurement based on the following steps:
1. General test set up
· Base Station under testing (DUT) is connected to the companion device. Signal generator, spectrum analyzer, DUT and companion device are connected using a set-up similar to the one shown in Figure 1. 
· The wanted signal at DUT shall be sufficient to maintain a reliable link for the duration of the test.
· Interferer generator does not generate any signals at this point in time.
· The spectrum analyzer is configured with proper settings. 
· A 20MHz operating channel is selected based on the raster defined in 36.141 for Band 46.
2. DUT set up
· An access priority to be tested is selected based on Table 15.1.1-1 in TS 36.213 [7]
· DUT is configured for normal transmissions with a payload resulting in a minimum transmitter activity ratio of at least TBD_1%. Where this is not possible, DUT shall be configured to the maximum payload possible (full buffer).
3. MCOT test
· Using the procedure define in section 2.2.2, it shall be verified that the DUT complies with the MCOT defined in  ([7], Table 15.1.1-1) for the selected access priority
4. Idle Time test
· Using the procedure defined in section 2.2.2, it shall be verified that the Idle Period between successive transmissions is not less than 
i. Td usec + [4]*slot_duration less than TBD_2% of the time, and
ii. Td usec + [7]*slot_duration less than TBD_3% of the time
Td is the defer duration defined in [7] for the selected access priority
5. Adding the interferer signal 
· An interferer signal as defined in section 2.2.3 is injected on the current operating channel of the DUT. The power spectral density level (at the input of the DUT) shall be equal to the ED level + TBD_4 dB. 
6. Detection of interferer signal above ED level
· The spectrum analyser shall be used to monitor the transmissions of the DUT on the selected operating channel after the interference signal was injected. This may require the spectrum analyser sweep to be triggered by the start of the interfering signal. 
· Using the procedure defined in section 2.2.2, it shall be verified that:
i. The DUT stops transmissions on the current operating channel.
ii. A maximum number TBD_5 of transmissions while the interferer signal is present shall be allowed to take into account a target misdetection probability (TBD_6)
· To verify that the DUT is not resuming normal transmissions as long as the interference signal is present, the monitoring time may need to be 60s or more, in which case a segmented measurement may need to be performed in order to achieve the required resolution.
7. Step 2 to 7 are repeated for each of the channels to be tested.
Method for recording channel/frequency usage
This test is performed as part of the test procedure described in section 2.2.1. The test procedure consists of the following steps:
1. The spectrum analyzer is configured with proper settings.
2. Save the trace data to a file for further analysis by a computing device using an appropriate software application or program. 
3. Identify the data points related to the channel being investigated by applying a threshold. Count the number of consecutive data points identified as resulting from a single transmission on the channel being investigated and multiply this number by the time difference between two consecutive data points. Repeat this for all the transmissions within the measurement window. For measuring idle or silent periods, count the number of consecutive data points identified as resulting from a single transmitter off period on the channel being investigated and multiply this number by the time difference between two consecutive data points. Repeat this for all the transmitter off periods within the measurement window.
[bookmark: _Ref447040838]Specification of the interferer signal
The interferer signal adopted in the LBT test procedure shall have the following characteristics:
· Band limited noise signal with a 100% duty cycle.
· The 99% bandwidth (the bandwidth containing 99% of the power) of this inference signal shall be equal to 120% of the Occupied Channel Bandwidth of the DUT, while the difference between the lowest level and the highest level within the Occupied Channel Bandwidth of the DUT shall be a maximum of TBD_7 dB (4dB in current version of EN 301 893).


Conclusions
In this contribution we analysed the key aspects of the LBT test. By considering the similarities with the work done in ETSI TC BRAN and taking into account the current development of EN 301 893, we made the following proposals:
Proposal 1: to adopt a test procedure for LBT tests similar to the one under specification in ETSI EN 301 893.
Proposal 2: to adopt the test procedure described in section 2.2.
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