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1
Background

The core RF and RRM requirement part of Rel-13 LAA WI have been completed in 2015. During the core part of the WI, a way forward has been agreed in [1], when a high-level agreement was made regarding the scope of coexistence tests. 

In RAN4#78, numerous discussions have been done on coexistence tests and agreements were reached on the scope of the LBT tests in [2].
In this contribution, we propose our understanding on multi-node tests for LAA. 
2
Coexistence tests
LAA Scell(s) in 5GHz spectrum (i.e. band 46 in 3GPP terms) will perform Listen-Before-Talk (LBT) for accessing the spectrum. This procedure is very similar to WiFi Carrier Sense Medium Access (CSMA) where the medium is sensed in the first step; and then transmission only occurs when the medium is detected to be free. The transmission is also subjected to some form of back-off rules.

Coexistence tests are aimed at designing coexistence between LAA SCell and other devices that operate in 5GHz spectrum. Thus, all tests are applicable to LAA Scell only. 

Observation: All coexistence tests are only applicable to LAA Scell for Rel-13 timeframe.
Besides, RAN4 conformance tests are designed for investigating RF performance only, thus, all coexistence tests should only consider RF conformance issues. Moreover, only conductive tests should be considered for LAA Scells. There are MAC issues related to coexistence between LAA Scell and other 5GHz devices which are beyond the scope of these tests. So, we propose the following: 

Proposal-1: RAN4 coexistence tests should only consider RF conformance aspects. All 3GPP tests should be conductive tests.  

It is also worth noting here that, all the tests will be conducted test, thus, no OTA tests will be considered for LAA coexistence tests.

2.1
Purpose of coexistence tests

The purpose of the coexistence tests is mainly twofold:

1. To verify the performance of LBT algorithms 

2. To 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. 
Thus, the coexistence tests in RAN4 are being discussed in two different parts, namely 1) LBT functionalities tests, and 2) multi-node tests. This was agreed in [1].
As per agreement in [2], the two tests were agreed to verify the LBT functionalities, i.e. 1) LBT threshold and detection accuracy tests, and 2) maximum channel occupancy tests, we also understand that, a test related to idle time in LBT backoff procedure for LAA Scell could also be designed. 
These three tests are mainly required for investigating the performance of LBT procedure for LAA Scell, thus, these tests are on single LAA node. However, multi-node tests will be built on these tests.  

LBT tests are discussed in our accompanying contribution [3], which elaborately discusses three tests related to LBT.

In the rest of the contribution, we describe our understanding related to multi-node tests for LAA.

3
Multi-node tests
For proper design of multi-node tests, we should consider necessary tests which are required to establish the coexistence performance between LAA Scell and other systems, while not overburdening the LAA system with excessive amount of tests. So, we observe the following:
Observation: Only design necessary multi-node tests and avoid unnecessary tests for LAA Scells.
3.1
Device configurations

The following table summarizes the device configurations that need to be considered for multi-node tests:
	Parameter
	

	Carrier bandwidth
	20MHz

	EARFCN
	Consider an EARFCN from Lower part of the band

	EIRP (dBm)
	30dBm

	Number of carriers
	Single carrier


3.2
Signal level

A single signal level should be tested. This level should be -72dBm, since: 

1) -72dBm is same as 3GPP energy detection threshold [4]
2) This can be used to check the ED functionality. 

Regarding introducing a test tolerance for the signal level, we can either introduce a single-sided tolerance or double-sided tolerance level. It could be good option to only to adopt a single-sided tolerance level, since the goal of the tests is to detect a node transmitting above threshold, therefore single-sided signal level tolerance value is more reasonable. Thus, the signal level to be tested can be: -(72+Δ)dBm, where Δ is as small as possible.
3.3
Multi-node test setup
To keep the tests within simple and necessary ones, we propose to use two nodes only for the multi-node tests. It is our understanding that, more than two nodes can really make the test setup much more complicated and complex, which can be burdensome for LAA. So, two nodes in the test setup are enough for investigating fairness, since the main purpose of the multi-node tests is to 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. 

We show a high level schematic diagram in Figure 1. LAA eNB under test is shown on the left-hand side of the setup. The second 5GHz transmitter (i.e. the device with which the LAA eNB should co-exist) is shown on upper right-hand side of the setup. The attenuator can be used to fix the corresponding distance between the LAA eNB under test and the other 5GHz device.
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Figure 1 Schematic diagram of multi-node test setup
3.3
Tests
In this section, we describe the multi-node tests from a very high-level point of view. We propose the following:
Proposal-2: Consider two nodes for multi-node tests and define the follow tests:

a) Throughput test
b) Channel access verification test
The details are below in the following sections.
3.3.1
Throughput tests

Purpose of this test is to ensure that, LAA shares the spectrum in such a way that, other RATs will also achieve reasonable throughput.

Two nodes in unlicensed spectrum can operate on the same carrier, the composition of the nodes can be: 
1. Two nodes of different RATs
2. Two nodes of the same RAT from different operators
The target of the test can be that: both nodes should be able to achieve a certain throughput level (e.g. 4Mbps as a baseline).
3.3.2
Channel access verification test
The channel occupancy functionalities are are tested in LBT tests, thus we may not need this test in multi-node scenario. 
One possibility is to design a test to verify that: a node is able to transmit for some amount of time. This will ensure that, an LAA node will never completely prohibit a WiFi node to transmit.
The test parameter in this case will be the amount of time that a node is able to transmit within a time window; this means that, this test verifies that the LAA BS operating in an unlicensed channel allows a new 5GHz device to become operational (i.e. to start transmitting). 
One example of testing this could be as explained below. The LAA node may start transmitting with certain ON/OFF pattern. The time gap between two ON duration can be smaller than X ms, where X is the maximum channel occupancy time in ms. The 5GHz transmitter duty cycle can be as it is shown in Figure 2. It needs to be ensured that, the 5GHz transmitter needs to be heard at least at the same as or above the signal level that is specified in Section 4.2. This can be fixed by using the attenuator.
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Figure 2 5GHz transmitter ON pattern
Obviously, there can be other options of designing this test. 

3.3.3
Channel Access priority tests
There are four different channel access priority classes that are defined for LBT in LAA. It is our understanding that, if the coexistence tests are performed for one of the priority classes, then it is reasonable to assume that, LAA BS can pass the tests for other priority classes. 
A good way forward could be to use channel access priority class 3 for LBT test parameters. Thus, we propose:

Proposal-3: No need to define any tests related to channel access priority for multi-node scenario.
3.4
Documentation of multi-node tests

The documentation related to multi-node tests can be documented in a new TR under RAN4. This can be a guideline describing the multi-node tests.
Proposal-4: The multi-node tests can be captured in a new RAN4 TR.
Accompanying LS to RAN on this issue is presented in [4]. Where the tests will be done will be decided later. 

4
Proposal

In this contribution, we explained our understanding related to multi-node tests, and we propose the following:

Proposal-1: RAN4 coexistence tests should only consider RF conformance aspects. All 3GPP tests should be conductive tests.  

Proposal-2: Consider two nodes for multi-node tests and define the follow tests:

a) Throughput test
b) Channel access verification test
Proposal-3: No need to define any tests related to channel access priority for multi-node scenario.
Proposal-4: The multi-node tests can be captured in a new RAN4 TR. 
5
References

[1] RP-158436, “Way forward on coexistence tests for LAA”, Ericsson, Qualcomm. 

[2] R4-161465,
[3] R4-162215, “Details of LBT tests for LAA”, Ericsson
[4] R4-162108, “LS to RAN on new RAN4 TR for documenting multi-node tests for LAA”, Ericsson.
3GPP


