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Introduction

The core requirements for LAA WI have been completed in 2015. As part of this work, all core requirements for RF and RRM specifications are completed. In [1], it has been agreed that, two kinds of tests can be covered under coexistence tests, namely: (1) LBT functionalities tests, and (2) multi-node tests. 
In Rel-13 LAA specifications, only DL is considered, thus, the discussions in this contribution are only valid for DL LBT, meaning requirements for LAA BS with respect to LBT operation. The tests related to LBT will cover three aspects, namely, LBT threshold and LBT detection accuracy tests; maximum channel occupancy time test and minimum idle time test.

In this contribution, we discuss the details of the essential tests related to LBT functionalities for LAA. 
2
LBT functionalities tests

One of the purposes of LBT functionalities tests is To verify the performance of LBT algorithms. This will in turn measure the behavior of LAA Scell(s) in unlicensed spectrum such that there is no impact of an LAA Scell on other devices operating in the spectrum. 

ETSI BRAN is another forum where the LBT functionalities tests are being discussed for RLAN (including both LAA and WiFi), which will be directly applicable to LAA. Thus, it is very important to ensure that, 3GPP tests in general should be aligned with the EN standard as much as possible. So, we propose the following:

Proposal-1: 3GPP LBT functionalities tests in general should be aligned with the EN standard as much as possible. 
To be more exact, ETSI harmonized European standard EN 301 893 [7]. Ericsson also contributed with some LBT functionalities test proposals in [6] , which proposes updating the current tests in EN 301 893. 

A high level description of the test setup and three tests are described below.

2.1
General test setup
An example test setup that can be used for LAA BS testing regarding ED threshold and detection accuracy is shown in Figure 1. It is worth noting here that, there are other possible setups that can be used for LAA BS testing. Also, this is a high-level schematic of the test setup for understanding the required test scope. 
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Figure 1 Schematic diagram for an example setup for testing ED threshold
The BS under test (BSUT) is connected to the measurement equipment (ME) via a connector. An attenuator is used to connect the interfere device to the BSUT to control the signal levels seen at the BSUT. 
At the beginning of the test, the interferer does not create any signal. Only 20MHz operating carrier in any part of the band 46 can be chosen. It can be obtained using any of the EARFCN as listed in Table 5.7.3-1 of TS 36.104. 

The BSUT can be configured with a certain access priority based on Table 15.1.1-1 in TS 36.213. A good way forward could be to choose channel access priority class 3 for the BSUT.

BSUT is configured with certain transmission activity ratio. This depends on payload that is assumed for BSUT. As an example, in full buffer case, BSUT is configured with maximum payload.  Finally, the transmission activity ratio is open for discussions in RAN4.
2.2
Testing the Energy Detection (ED) threshold and detection accuracy

The purpose of this test is to test whether LAA BS reacts when the received interferer level is more than the ED threshold.  The existing test in Clause 5.3.9.2.1 of EN 301 893 [7] would be also feasible for verification of the ED for LAA; a corresponding test can be specified in the 3GPP conformance test specifications. The wanted signal level of a 10% duty cycle could be defined as a test channel (reference measurement channel).
In general, the interference level should be set at the specified ED; then a limited number of transmissions should be allowed during the presence of the interferer, which corresponds to “misdetection” in the CCA procedure carried out by the Initializing or Responding device. 
The following steps can be followed for testing the energy detection threshold:
1)  BS starts transmitting bursts in a carrier without the presence of any interferer.
2) The test equipment injects an interfering signal intermittently into the device under test at a level of X dBm in a clean environment where the noise floor is at or near the theoretical limit (e.g. -101 dBm for a 20 MHz channel). 
3) When the X dBm is above the energy detection threshold level, the BS does not start a new transmission. When the X dBm is below the energy detection threshold level, the BS either continues the current transmission, or starts a new transmission.
4) The above step is repeated multiple times when the test equipment injects interference periodically, according to certain time pattern. 

5) At every detection timing instance, the BS shall be able to assess whether the medium is busy or idle, and BS either stops the transmission or initiates a new transmission.  
6) The measurement equipment can gather the probability of the eNB starting transmissions bursts under the test interference condition, so that it can be verified that the BS only transmits a maximum of 10% of the time when an interferer is present. 
2.2
Testing Max Channel Occupancy Time (MCOT) 
The measurement parameters in this case will be maximum channel occupancy time; this means that, it will be tested whether the LAA BS stops transmitting once the maximum channel occupancy time is exceeded. A test similar to this is mentioned in Clause 5.3.9.2.2 of EN 301 893 which contains a generic procedure for measuring channel occupancy and “duration” of data bursts.
The following steps can be performed to test the MCOT:

1) BS starts transmitting in a carrier.
2) After transmission of X subframes (where X is the maximum channel occupancy time in ms), the BS shall stop transmission.

3) The BS will perform energy detection to determine if there are any other transmitters active in this carrier;

4) The BS will either continue to transmit data in the carrier provided that the carrier is idle, or stop transmission provided that the carrier is busy.   
We provide a schematic diagram for the MCOT test in Figure 2. 
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Figure 2 Schematic diagram of example setup for testing MCOT
2.3
Minimum Idle time tests

Using the above procedures, it should also be verified that the minimum Idle Period between successive transmissions does exceed the minimum value for a percentage of time. 

In this test, using the procedure defined in Clause 5.3.9.2.2 of EN 301 893, it shall be verified that the minimum Idle Period between successive transmissions is not less than 

1) Td µs+[4]*slot_duration less than X% of the time, and

2) Td µs+[7]*slot_duration less than Y% of the time

where slot_duration is the duration of an Observation Slot , i.e., 9 µs for the most stringent condition. The numbers above are tentative and used for illustration. Td is the defer duration defined in TS 36.213 for the selected access priority.

For this test, we propose to use 16 µs, since this is the minimum of the minimum idle time for different access priority classes. However, in RAN4, we are open to discussions on possibilities to use other values. 
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Conclusion
In this contribution, we detailed three different LBT functionalities tests, which need to be specified in TS 36.141. 

We propose the following:
Proposal-1: 3GPP LBT functionalities tests in general should be aligned with the EN standard as much as possible.
Proposal-2: Design following there tests related LBT functionalities, namely

[1] Testing the Energy Detection (ED) threshold and detection accuracy
[2] Testing Max Channel Occupancy Time (MCOT) 
[3] Minimum Idle time tests
Based on the discussions in this contribution, we provide a CR for 36.141 in [5].
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