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Introduction
In RAN4 meeting #77 held in Anaheim, a way forward on coexistence tests for LAA was approved [1]. In this way forward and clear distinction between LBT tests and multi-node node tests was made, and time plan was agreed.
In this contribution we address the LBT tests and we make a specific proposal for the energy detection test to be defined in TS 36.141.

LBT tests
In RAN #76 and #77, several contributions on coexistence tests for LAA were discussed.. In [1], a distinction between LBT tests and multi-nodes tests was made a clear time plan for LAA coexistence tests was approved. LBT tests represent the tool to verify the core of LAA functionality, i.e. the capability to sense the channel and postpone the transmission when the medium is detected to be busy. Multi-node tests represent instead something new to RAN4 which will require further investigation. It is worth emphasizing again that LBT tests are already a sufficient tool to guarantee good coexistence performance with Wi-Fi since they will allow to assess the right implementation of RAN1 design.
In this contribution we focus on LBT test since this is the first priority as agreed in [1]. Because Rel13 LAA only allows DL transmission in Band 46, the proposed methodology only applies to Base Station specifications, i.e. to TS 36.141.
In [4], we clarified the two essential elements that LBT tests need to cover: 
· the channel sensing procedure in which the channel will be declared free or busy based on an energy detection threshold
· the back-off mechanism which will be used to postpone the transmission when the channel is detected to be busy
In the following subsections, we provide detailed proposal for the channel sensing test. 
LBT energy detection test
The goal of the channel sensing test is to assess whether the medium is occupied or not based on an energy measurement. In other words, the scope of this Energy Detection (ED) test is to check the ability of the BS to determine whether the channel is busy is or not based on an energy level (ED threshold). It is worth emphasizing that even if this could be seen as a simplified test, in which we only have one interference source connected to the Device under Testing (DUT), it will be one of the most important element of the overall coexistence framework by ensuring correct detection of other devices operating in the same channel. 
As a first observation, the ED test will be a conductive test, as agreed in [1]. An illustration of possible test setup is shown in Figure 1.

[image: schematic test setup]
[bookmark: _Ref442193120]Figure 1. Example of test setup for the Energy Detection test [1].
The reliability of the detection is a function of the integration/observation time. This can be observed in Figure 2. The curves are a pure theoretical limit and represents the CDF of the measured power when a -72dBm/20MHz AWGN interferer is injected into the Device Under Testing. The DUT is supposed to measure samples over 20MHz, different integration time are taken into account, noise figure is set to 5dB. As it can be observed, the reliability of the measurement increases as the integration time increases. The curves have been obtained by assuming I/Q samples to be Gaussian distributed: under this hypothesis the detection probability can be easily obtained by means of chi-square distribution. An observation which can be made from the picture below is that even in this pure ideal conditions (theoretical) there is a significant spread in the measurement.
 [image: ]
[bookmark: _Ref442193434]Figure 2. CDF of measured power when a -72dBm/20MHz AWGN interferer is injected into the DUT device. Theoretical limit for the measurement accuracy.
Based on RAN1 specification [5], the ED threshold to be adopted depends on several factors, including regulatory constraints, presence/absence of another technology operating in the same channel. The methodology proposed below is a generic methodology which can be applied for different ED values according to RAN1 specifications.
Regarding the nature of the interference signal, since the test needs only to detect energy is natural to specify the interferer as a wideband AWGN signal.
Proposal 1: The interference signal should be an AWGN signal of specified bandwidth.
Another important observation is related to the test methodology. In general, looking at the plots in Figure 2, we can have two approaches:
· Single side test. In this case for a given input signal above ED threshold (ED threshold + Margin) the DUT needs to detect a signal which is  above ED with X% probability
· Double side test. In this case for the input signal at ED level, the DUT needs to detect the signal to be at ED threshold ±Margin with X% probability
Both tests require the specification of a detection probability. For this value, assuming 90% probability seems to be a reasonable target.  
Proposal 2: The detection probability for LBT ED test should be 90%. 
Comparing single side and double, our preference is to adopt a single side test. The main reason for this choice is that the goal of the channel sensing is to detect a node transmitting above threshold, therefore single side test represents a more natural way of describing the channel sensing performance.
Proposal 3: The LBT ED test should be a single side test. 
Assuming a single side test, a critical value to be selected is the interferer signal level to be injected into DUT. Figure 2 shows the sensitivity of the measurement as a function of the integration time. Based on the plots showed in the figure, RAN4 should select a reasonable margin compared to the ED threshold under testing.  
Proposal 4: The interferer signal in LBT ED test should be at ED threshold + TBD dB. 
Based on proposals 1-4, a possible test procedure for the LBT ED test can be summarized as follows:
Proposal 5: A possible the LBT ED test procedure could be based on the following steps:
1. The DUT is connected to the test equipment (call box) transmitting full buffer (sequence of bursts) in a carrier without interference (clean channel condition)
2. An external AWGN interferer at ED threshold + TBD dB is injected at a random time and for a random duration  
3. The test equipment detect that DUT stop transmitting while the interference is present
4. The external interference is removed
5. The test equipment detect that DUT resumes transmission (new TxOP)
6. The test equipment can measure the duration of the DUT transmission (TxOP duration)
The above proposal represents a general guideline for a possible channel sensing test. The specific procedure needs to be specified in such a way the target 90% reliability is assessed. In particular, steps 1 to 6 should be repeated multiple times to guarantee sufficient statistical confidence. A total duration of the test needs to be specified as well.
The above procedure can be used for maximum TXOP limit test as well. An alternative approach could be to have a separate test for TXOP. In this case, there is no need to have the external interference in the TXOP test.

Conclusions
In this contribution we analysed the key aspects of the LBT Energy Detection to be defined in RAN4 and we made the following proposals as a possible approach for the test to be defined in TS 36.141:
Proposal 1: The interferer signal should be an AWGN signal of specified bandwidth.
Proposal 2: The detection probability for LBT ED test should be 90%. 
Proposal 3: The LBT ED test should be a single side test. 
Proposal 4: The interferer signal in LBT ED test should be at ED threshold + TBD dB. 
Proposal 5: A possible the LBT ED test procedure could be based on the following steps:
1. The DUT is connected to the test equipment (call box) transmitting full buffer (sequence of bursts) in a carrier without interference (clean channel condition)
2. An external AWGN interferer at ED threshold + TBD dB is injected at a random time and for a random duration  
3. The test equipment detect that DUT stop transmitting while the interference is present
4. The external interference is removed
5. The test equipment detect that DUT resumes transmission (new TxOP)
6. The test equipment can measure the duration of the DUT transmission (TxOP duration)
The proposal above will also allow to test the maximum TXOP limit. An alternative approach could be to use a separate simpler test for TXOP.
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