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Introduction

At RAN#66, the SI on license assisted access of LTE in unlicensed band was completed and a new WI on licensed assisted access of LTE was approved [1]. The conclusions from the study item are documented in TR 36.889 [2]. 

Listen-Before-Talk (LBT) will be used 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 being discussed in RAN1. A test for energy detection can be defined in RAN4. In our companion RAN1 contribution [3], we discuss issues related to adaptation of the energy detection threshold for LAA. In Rel-13 LAA specifications, only DL will be considered, thus, the discussions in this contribution are only valid for DL LBT, meaning requirements for LAA BS with respect to LBT operation. Some discussions on LBT tests were presented in [4]. 

In this contribution, we discuss the possible test case designs related to LBT tests for LAA operations. 
2
LBT requirements for LAA operations
A number of parameters need to be specified in RAN4. 

1. LBT BW: The LBT bandwidth will be 20MHz, as it is agreed so far.
2. Energy detection threshold: LBT procedures are based on energy detection that uses an energy detection threshold to determine whether the node should transmit or defer transmission. Proper implementation of this threshold needs to be verified and RAN4 should design a test for this. Adaptive threshold for ED is being discussed in RAN1, which depends on the measured ambient noise floor along with other parameters. The adaptation of the threshold based on the noise floor can be incorporated into the energy detection threshold test.
3. Random back-off: For any channel access mechanism via LBT category 4 (this is mainly for PDSCH transmissions), the device should be able to apply a back-off time independent of whether there is any other transmitter or not. The back-off time is determined randomly. 
4. Maximum channel occupancy time: Once the LAA node occupies a channel, there is a maximum occupancy time after which the LAA transmitter needs to clear the channel. RAN1 is yet to decide on the value. 
5. LBT measurement accuracy requirement: The LBT specifications should be defined in a way so that, a minimum performance is guaranteed, i.e. LAA BS need to ensure that, the LAA node is able to perform the LBT up to certain accuracy.
Out of the above parameters, RAN4 awaits inputs from RAN1 on following three parameters:
· Energy detection threshold, 
· Random back-off parameters, and
· Maximum channel occupancy time
3
Tests related to LBT

In general, four different types of tests are required. We also propose the time schedule when these test cases can be investigated for LAA Rel-13 WI.
	Tests
	Description
	Core part of WI (until December 2015)
	Performance part of WI (until June 2016)

	Capability to perform Energy detection
	Includes performance of energy detection threshold, LBT measurement accuracy tests, etc.
	Minimum requirements are documented in 36.104
	Details of actual test procedures to be defined and documented in 36.141

	Channel access mechanism tests
	Depends on LBT parameters, e.g. random back-off time, maximum channel occupancy time, etc
	Minimum requirements are documented in 36.104
	Details of actual test procedures to be defined and documented in 36.141

	Coexistence tests
	Coexistence with other systems and other LAA operators operating in the spectrum
	
	Study of type of test and test procedure. Details of possible test procedures to be defined and documented in 36.141


In the following sections, we describe the possible tests for the above three cases.

3.1
Energy detection threshold test

One of the listed factors for energy detection threshold is ambient noise floor. This is an extremely important factor that must be taken into consideration since unlicensed spectrum can be very noisy. This is quite crucial for robust operation in unlicensed spectrum due to the wide variability in noise in various environments. An example test setup that can be used for LAA BS testing regarding ED threshold 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 test setup
The test equipment injects an interfering signal intermittently into the device under test at various levels above and below X dBm in a clean environment where the noise floor is at or near the theoretical limit of -101 dBm for a 20 MHz channel. By recording at which received levels and at what times the device under test is transmitting, the implementation of the energy detection threshold at X dBm can be verified. Then, some additional noise at a level of Y dBm is injected into the test equipment in addition to the above interfering signal for testing the energy detection threshold. This noise is not intermittent and is constantly present as opposed to the interfering signal. By once again recording which received levels and at what times the device under test is transmitting, the implementation of the energy detection threshold at X+Y dBm, adapted to the increase in the ambient noise floor by Y dBm, can be verified.

Above all, the device should be able to perform the energy detection to access the channel within a certain period of time with a certain accuracy level. It is FFS what time constraint and what accuracy constraint to use for LAA case. It is 4µs and 90% respectively for Wi-Fi.
3.2
Channel access mechanism tests
This test is to verify that the idle time that the LAA node observes to access the channel prior to transmission, follows a uniform random distribution due to the random back-off. Two parameters need to be tested in this case:
1. Random back-off
2. Maximum occupancy time

For these tests, the same setup as above can be used.  An input stimulus at BS Rx can be inserted which can be any interferer operating in unlicensed band. Then the response of the LAA BS transmitter is measured at the measurement equipment. The measurement parameters will be random back-off and maximum channel occupancy time.
3.3
Coexistence tests

The 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. 

The types of tests and the details of the test procedures are for further studies in performance part of the WI. 

4
Proposals
In this contribution, we describe our understanding related to LBT requirements and test cases for LAA. Based on the discussions above, we propose the following:

Proposal-1: Define minimum requirements for parameters related to the energy detection threshold tests and channel access mechanism tests for LAA BS and document in 36.104 in the core part of the WI.
Proposal-2: Details of actual ED threshold test and channel access mechanism test procedures will be defined and documented in 36.141 in the performance part of the WI.
Proposal-3: Study of types of coexistence tests and detailed coexistence test procedures will be defined and documented in 36.141 in the performance part of the WI.
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