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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 tests, and (2) multi-node tests. 

In this contribution, we discuss the high level details of the essential tests related to LBT for LAA. The exact text for the test procedures can be decided later on based on the agreements. We also proposed a detailed time plan for this work. 
In our companion contributions [4], [5], we have shown one of the ways of specifying the coexistence tests in the spec.
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Time plan and documentation of Coexistence tests

Following high level time plan has been agreed in [1]: 

	Tests
	Core part of WI (until December 2015)
	Performance part of WI (until June 2016)

	LBT tests
	Minimum requirements are documented in 36.104
	Details of actual test procedures to be defined and documented in 36.141

	Multi-node tests
	
	Study of type of test and test procedure. Details of possible test procedures to be defined and documented


Based on the above, we propose the following time plan for coexistence test discussion in RAN4:

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


Proposal-1: Adopt the time plan for coexistence tests design in RAN4 described in Table 1, Section 2. 
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LBT tests
Listen-Before-Talk (LBT) is specified as one of the coexistence mechanisms with other systems which may operate in 5GHz spectrum with energy detection based sensing being a core element of the LBT mechanisms. As planned in the core part of the WI in RAN4, it has been agreed that, a test for energy detection can be defined in RAN4. Relevant adaptation methods for energy detection thresholds are discussed in RAN1, e.g. [3]. 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, 
a) LBT threshold and LBT detection accuracy tests; and
b) maximum channel occupancy time test.

 The steps required for these tests are explained in the section below. As mentioned earlier, we describe the test principles from a high level as guidance. Based on these principles, exact test procedures can be designed for TS 36.141.
3.1
Testing the Energy Detection (ED) threshold and detection accuracy
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 purpose of this test is to test whether LAA BS reacts when the received interferer level is more than the ED threshold.  
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. Alternatively
3.2
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.
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
4
Multi-node tests

The multi-node coexistence tests are mainly concentrated on ensuring co-channel coexistence of LAA systems. The tests will consist of co-channel coexistence for two cases, 
(1) when coexistence between a Wi-Fi and LAA node is considered, and 
(2) When coexistence with another LAA node is considered. 

More discussions on this issue are needed.
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Conclusion
We propose the following: 

Proposal-1: Adopt the time plan for coexistence tests design in RAN4 described in Table 1, Section 2. 
Based on the discussions in this paper, we propose to agree on three tests related to LBT, as stated below.

Proposal-2: Adopt two tests related to LBT, namely, (1) ED threshold and detection accuracy test and (2) maximum channel occupancy time test.

The design of actual tests will follow in the coming meetings.
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