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1 Introduction
RAN4 work on the core part of licence assisted access has been completed and CRs have been agreed [1]

 REF _Ref438194725 \r \h 
[2]

 REF _Ref438194727 \r \h 
[3]. During the performance phase of the work RAN4 needs to agree appropriate measurement accuracy requirements, and specify the RRM tests in 36.133 annex A. In this contribution, we focus on testing aspects, and consider at high level the test case configuration and list.

Some work remains to complete in sections 1-9 of 36.133, particularly on measurement accuracy, interfrequency requirements, RSSI requirements for channel occupancy, and removal of square brackets. Nevertheless, the time for test implementation is limited and the work on test cases needs to be started. Especially considering how to model LBT, or from an RRM testing perspective, the availability of DRS is important to progress the work.

2 Discussion

In principle, LAA is a carrier aggregation based feature and any carrier aggregation test case could be considered as a candidate to develop an analogous LAA test. Since the frame structure and most of the core requirements are different for LAA, different tests need to be considered also, although it should be noted that the basic structure of tests may be similar to other CA tests. The existing CA tests are not agnostic to number of Scells and following this approach for LAA tests, we propose that tests with Pcell + 2 Scells are developed as the highest priority. PCell + 4 Scells may also be considered in a later phase of the work. Both FDD and TDD PCell configurations need to be considered.
Proposal 1 : RAN4 develops tests with Pcell + 2 SCells for LAA in the first phase
Proposal 2 : RAN4 considers tests with Pcell + 4 SCells for LAA in a later phase
Proposal 3 : RAN4 develops FDD+FS3 tests and TDD+FS3 tests

LBT modelling
One important consideration for LAA testing is how to model listen before talk in the test equipment. Many of the test requirements depend on the number of DRS occasions which are not available during the period over which the requirement applies. Taking cell identification as an example, requirements depend on a variable L, where L is defined in the specification :  L is the number of configured discovery signal occasions which are not available during Tdetect intra_FS3 for cell detection at the UE due to the absence of the necessary radio signals,
We think it is important that test cases verify the requirement with some of the discovery signals absent during the testing to confirm that UEs are able to operate correctly and robustly when LBT is used. On the other hand, the duration of the test requirement is extended by the absence of necessary radio signals, so it would also be important to verify that UEs operate correctly when there is no LBT performed (e.g. L=0 for the cell identification example case), which is likely also to commonly occur with LAA. Typically this will be important in tests which verify cell detection and measurement period in the UE, i.e. event triggered reporting tests. In these tests, the test equipment makes some change to signal levels which should trigger an event. This may, for example, involve switching on (bringing power up from -∞dBm) a cell and measuring how long it takes for the UE to report the corresponding measurement event. In case of LBT, the test equipment may perform simulated LBT (i.e. not transmit the DRS) on any DRS occasion between making the power switch to trigger the event, and the event being reported by the UE. RAN4 needs to discuss how simulated LBT is modelled in the test equipment, and we also note that as the test requirement will depend on how many DRS occasions are absent during the test requirement period, the test equipment will need to keep track of how many DRS occasions are not transmitted to compute the test requirement and determine a pass/fail result for that iteration of the test. In case the test does not verify a time delay (e.g. measurement accuracy test), performing LBT does not affect the test requirement (since it does not affect accuracy of measurements, only delay) but nevertheless it would be useful to perform simulated LBT in all LAA RRM tests – for example to check that measurements are accurate when LBT is performed. 
Proposal 4 : Simulated LBT is used in all LAA RRM tests
Proposal 5 : RAN4 discusses how LBT is modelled in test equipment to verify that UEs behave correctly when LBT is used

Observation 1 : Since the test requirement depends on the number of DRS occasions that are not transmitted during the requirement period, it is not known a-priori unless the simulated LBT sequence is also known a-priori

Observation 1 is perhaps best illustrated by an example. Suppose that the UE test requirement is (4+L) * TDMTC_periodicity (e.g. cell identification below Es/Iot=0dB) and the sequence of DRS is

Case A : X 1 1 X 1 X X 1

Case B : X 1 1 X 1 1

Where X denotes an absent DRS occasion and 1 denotes a transmitted DRS occasion.

In case A, the UE would be expected to identify the cell after 8* TDMTC_periodicity and in case B the UE would be expected to identify the cell after 6* TDMTC_periodicity. So unless the pattern of DRS occasions present/absent is decided in advance of the testing (for instance it could be specified in 36.133 annex A), the tester needs to count the number of DRS occasions that have been transmitted in the test period. For this example, after 4 DRS occasions have been transmitted, a good UE implementation should have identified the target cell.
Since the practical LBT performed by SCells will not be deterministic, our preference is that simulated LBT is also random, and we elaborate on this in the next section. Since the test requirements are then depending on the random LBT decisions, we propose:

Proposal 6 : Test equipment keeps track of the number of DRS occasions that are not transmitted during the requirement period

The simulated LBT behaviour should be unknown to the UE, but nevertheless we think that it needs to be discussed in RAN4, and that RAN4 specifications for tests should provide some guidance to RAN5 who are otherwise likely to ask many questions about the correct way to implement LBT  functionality. It is also important to note that LBT usage will extend the test time; on the other hand many of the core requirements for LAA are shorter (even single shot in some cases) than non LAA requirements, so even with simulated LBT the LAA test may well be faster than the corresponding non-LAA test.

Since it would be important to verify that UEs operate correctly over a range of missed DRS occasions, we propose that during the test period the test equipment makes a random decision whether to transmit each DRS occasion. For the purposes of simplicity, the presence or absence of each DRS occasion could be determined by a uniform random variable, such that there is a probability PDRS of transmitting the DRS. This means that the probability of the DRS being absent is Pno-DRS=1-PDRS.  While these are expressed as probabilities, it should be emphasised that by the time the UE has performed the test the number of DRS which have been present and absent during the test period will be known deterministically by the test equipment and thus, according to proposal 5, the test requirement is then known deterministically so that a pass/fail decision can be made. 

For example, if PDRS=0.5 then Pno-DRS is also 0.5. In this case, the probability of getting N consecutive DRS occasions that are not transmitted is given by (Pno-DRS)N.
To avoid increasing test time unduly, we propose that simulated LBT is tested as a part of the normal statistical testing of the UE. Typically, RAN4 tests are repeated for a number of iterations and a pass/fail result is determined for each iteration of the test. In each iteration of the test, there will be some DRS transmission performed by the target cell. What we intend is that each of these DRS transmissions will be either transmitted or not according to PDRS which will be specified by RAN4. When the tests are repeated according to the normal statistical procedures, different iterations of the test will involve different numbers of DRS occasions present/absent, and hence the UE will be tested with different random DRS present/absent patterns on each iteration of the test.
Further discussion may be necessary on the PDRS value to specify. In reality, PDRS depends on the interference condition experienced by LBT, so it can vary significantly and in some cases LBT may not be used at all with LAA (PDRS=1). However, as indicated, it is important in RRM testing that LBT is exercised, so we propose to set PDRS not to be too close to 1, e.g. 0.5 or 0.75. In the interests of making a proposal which may still be discussed further, we propose
Proposal 7 : PDRS=0.75 is used
From a UE testability point of view, the important aspect is that the UE will be tested on different iterations with zero, one or more DRS not available during the test period, and the sequence of LBT may be either truly random or pseudo random provided that the UE could not be aware which DRS occasions are missed. It should be emphasised that these proposals are made for RRM only – for a demodulation (throughput) test, RAN4 may decide that it is better to use a fixed LBT on/off pattern to ensure a better predictability of throughput due to LBT.
The other functionality which must also be tested is that the UE is able to operate correctly with the DRS at different positions within the DMTC window. Having selected whether DRS transmission should take place or not according to proposal 6, the test equipment should select a random position from the possible allowed positions for DRS transmission within the DMTC window. 

Proposal 8 : When the test equipment decides to transmit DRS, it selects a random position from the allowed positions within the DMTC window.
Next we turn our attention to the test case list. As indicated under proposals 1 and 2, there should be variants of the test cases with both FDD and TDD PCell, along with an FS3 SCell. For the purposes of listing the test cases, we have not elaborated the PCell type, but under the assumption of proposals 1 and 2 the column indicating number of tests shows 2 tests (with FDD SCell and TDD Scell) for each basic test procedure.

Another implication of the proposed LBT model is that it will be quite difficult to define nominal Es/Iot (and nominal RSRQ etc.) if there are 2 cells on a frequency and both the serving and interfering cell perform random DRS transmission according to the proposal for simulated LBT. If only the target cell to be identified or measured performs simulated LBT, the Es/Iot is well defined, at least at the moments that measurements are able to be performed (because the target cell is on at that time and no other cell in the environment is varying).

	No
	Feature/requirements
	Type of Test
	No of tests
	Basic test configuration
	Comments

	1
	SCell Activation and deactivation delay
	SCell activation and deactivation for known SCells without DRX
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 and F3 are Scell using FS3

Cell1 on F1

Cell2 on F2
Cell 3 is on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

MeasCycleSCell = 320 ms on cell2 and cell 3.

Non-DRX.

Test times: T1, T2 and T3.

Cell 2 DRS availability : Randomly chosen during T2 and T3

Propagation: AWGN.
	Activation and deactivation of cell2 :

· During T2 while cell2 is being activated, cell3 is also activated.

· During T3 while cell2 is being deactivated, cell3 is deactivated.
· LBT model is applied on cell 1 and cell 2


	2
	Measurements for E-UTRA LAA carrier aggregation and interruption (section 8.3 and section 7.8)
	Event triggered reporting on deactivated SCells and interruption probability (0.5%) without DRX 
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 and F3 Scells using FS3 

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell3 to cell1 time offset: 3 (s

MeasCycleSCell = 1280 ms on cell2 and cell3.

A6 event is configured.

Non-DRX.

Test times: T1, T2.

Cell 2 and cell 3 DRS availability : Randomly chosen during T2

Propagation: AWGN.
	Interruption probability is verified for following cases:

PCell interruption:

· UE is continuously scheduled on PCell.

· Cell2 and cell3 are deactivated.

· Event A6 is triggered on F2 and F3 during T2.
· LBT model is applied on cell 1 and cell 2


	3
	Intrafrequency cell identification for SCell with FS3 in non DRX
	Event triggered reporting with activated SCell and FS3 in non DRX
	2 (FDD and TDD PCell)
	Number of cells = 5.

F1 is Pcell; F2 is first SCC, F3 is second SCC

Cell1 on F1
Cell 2 and 3 on F2

Cells 4 and 5 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell3 to cell1 time offset: 3 (s
TAE between (cell4, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell5 to cell1 time offset: 3 (s

A6 event is configured on F2 and F3.

Non-DRX.

Test times: T1, T2.

Cell 3 and cell 5 DRS availability : Randomly chosen during T2

Propagation: ETU30.
	Cell 3 and 5 are off during T1.Cells 2 and 4 are the serving SCells. At the start of T2, cell 3 and 5 are powered on and configured such that the UE shall report Event A6 - Intra Frequency Neighbour becomes offset better than Scell for cell 3 and cell 5. Intrafrequency identification of cell 3 is verified at 0dB Es/Iot and intrafrequency identification of cell 5 is verified at -6dB Es/Iot 

LBT model is applied on cell 3 and 5 and not applied on cell 2 and 4 so that Es/Iot for cell 3 and 5 is predictable.

	4
	Intrafrequency cell identification for SCell with FS3 with DRX
	Event triggered reporting with activated SCell and FS3 in DRX
	2 (FDD and TDD PCell, Es/Iot=0dB, Es/Iot=-6dB)
	Number of cells = 5.

F1 is Pcell; F2 is first SCC, F3 is second SCC

Cell1 on F1
Cell 2 and 3 on F2

Cells 4 and 5 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell3 to cell1 time offset: 3 (s
TAE between (cell4, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell5 to cell1 time offset: 3 (s

A6 event is configured.

Test times: T1, T2.

Cell 3 and cell 5 DRS availability : Randomly chosen during T2

DRX cycle length : 320ms
Propagation: ETU30.
	Cell 3 and 5 are off during T1.Cells 2 and 4 are the serving SCells. At the start of T2, cell 3 and 5 are powered on and configured such that the UE shall report Event A6 - Intra Frequency Neighbour becomes offset better than Scell for cell 3 and cell 5. Intrafrequency identification of cell 3 is verified at 0dB Es/Iot and intrafrequency identification of cell 5 is verified at -6dB Es/Iot 

LBT model is applied on cell 3 and 5 and not applied on cell 2 and 4 so that Es/Iot for cell 3 and 5 is predictable.

	5
	Measurement period for SCell with FS3, measurement BW=6RB
	Event triggered reporting with activated SCell and FS3 in DRX
	2 (FDD and TDD PCell))
	Number of cells = 5.

F1 is Pcell; F2 is first SCC, F3 is second SCC

Cell1 on F1
Cell 2 and 3 on F2

Cells 4 and 5 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell3 to cell1 time offset: 3 (s
TAE between (cell4, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell5 to cell1 time offset: 3 (s

A6 event is configured.

Allowed measurement BW = 6RB for F2 and F3
Non-DRX.

Test times: T1, T2.

Cell 3 and cell 5 DRS availability : Randomly chosen during T2

CRS based measurements are configured

Propagation: ETU30.
	Cell 3 and cell 5 are on during T1 to allow the UE to identify the cell. Cell 2 and cell 4 are the serving Scells. At the start of T2, cell 3 and cell 5 power is increased such that the UE shall report Event A6 - Intra Frequency Neighbour becomes offset better than Scell for cell 3 and cell 5. Intrafrequency measurement period of cell 3 is verified at 0dB Es/Iot and intrafrequency measurement period of cell 5 is verified at -6dB Es/Iot 

LBT model is applied on cell 3 and 5 and not applied on cell 2 and 4 so that Es/Iot for cell 3 and 5 is predictable.

	6
	Measurement period for SCell with FS3, measurement BW=25RB
	Event triggered reporting with activated SCell and FS3 in DRX
	4 (FDD and TDD PCell, Es/Iot=0dB, Es/Iot=-6dB)
	Number of cells = 5.

F1 is Pcell; F2 is first SCC, F3 is second SCC

Cell1 on F1
Cell 2 and 3 on F2

Cells 4 and 5 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell3 to cell1 time offset: 3 (s
TAE between (cell4, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Cell5 to cell1 time offset: 3 (s

A6 event is configured.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1, T2.

Cell 3 and cell5 DRS availability : Randomly chosen during T2

CSI-RS based measurements are configured

Propagation: ETU30.
	Cell 3 and cell 5 are on during T1 to allow the UE to identify the cell. Cell 2 and cell 4 are the serving Scells. At the start of T2, cell 3 and cell 5 power is increased such that the UE shall report Event A6 - Intra Frequency Neighbour becomes offset better than Scell for cell 3 and cell 5. Intrafrequency measurement period of cell 3 is verified at 0dB Es/Iot and intrafrequency measurement period of cell 5 is verified at -6dB Es/Iot 

LBT model is applied on cell 3 and 5 and not applied on cell 2 and 4 so that Es/Iot for cell 3 and 5 is predictable

	7
	Interfrequency event triggered reporting
	TBD once further details of interfrequency requirements are specified
	TBD once further details of interfrequency requirements are specified
	TBD once further details of interfrequency requirements are specified
	TBD once further details of interfrequency requirements are specified

	8
	Carrier aggregation measurement accuracy
	Intrafrequency absolute and relative RSRP accuracies for SCell with FS3
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 is Scell using FS3 and F3 is Scell also using FS3

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

TAE between (cell3, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1

Cell 2 and cell 3 DRS availability : Randomly chosen during T1

Propagation conditions : AWGN


	Perioidcal RSRP reporting is configured. Cell 2 and cell 3 are measured. Absolute accuracy requirements for measurements of cell 2 and cell 3 are verified. Relative accuracy between cell 2 and cell 3 is checked.

	9
	Carrier aggregation measurement accuracy
	Intrafrequency absolute and relative RSRQ accuracies for SCell with FS3
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 is Scell using FS3 and F3 is Scell also using FS3

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.
TAE between (cell3, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1

Cell 2 and cell 3 DRS availability : Randomly chosen during T1

Propagation conditions : AWGN
	Perioidcal RSRQ reporting is configured. Cell 2 and cell 3 are measured. Absolute 
accuracy requirements for measurements of cell 2 and cell 3 are verified. Relative accuracy between cell 2 and cell 3 is checked.

	10
	Carrier aggregation measurement accuracy
	Intrafrequency absolute and relative CSI-RSRP accuracies for SCell with FS3
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 is Scell using FS3 and F3 is Scell also using FS3

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

TAE between (cell3, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1

Cell 2 and cell 3 DRS availability : Randomly chosen during T1

Propagation conditions : AWGN

	Perioidcal CSI-RSRP reporting is configured. Cell 2 and cell 3 are measured. Absolute accuracy requirements for measurements of cell 2 and cell 3 are verified. Relative accuracy between cell 2 and cell 3 is checked.

	11
	Average RSSI measurement
	Intrafrequency measurement of average RSSI
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 is Scell using FS3 and F3 is Scell also using FS3

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

TAE between (cell3, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1

Cell 2 and cell 3 DRS availability : Randomly chosen during T1

Propagation conditions : AWGN
RSSI measurement configuration TBD
	Average RSSI is measured on F2 and F3 and accuracy requirements are verified. Time varying Noc is used on F2 and F3 to verify that the UE measures RSSI with correct timing. 

	12
	Channel occupancy measurement
	Intrafrequency measurement of channel occupancy
	2 (FDD and TDD PCell)
	Number of cells = 3.

F1 is Pcell; F2 is Scell using FS3 and F3 is Scell also using FS3

PCell = cell1; SCell1 = cell2; SCell2= cell3;

Cell1 on F1

Cell2 on F2
Cell 3 on F3
Cell BW = 20 MHz (all cells)

TAE between (cell2, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

TAE between (cell3, cell1), as specified in 3GPP TS 36.104, clause 6.5.3.1.

Allowed measurement BW = 25RB for F2 and F3
Non-DRX.

Test times: T1

Cell 2 and cell 3 DRS availability : Randomly chosen during T1

Propagation conditions : AWGN
RSSI measurement configuration TBD
	TBD 


It is proposed to share the test case development between interested companies following normal procedures in RAN4. In addition, it is necessary to develop corresponding RMC and OCNG definitions for FS3.
Proposal 9 : Interested companies shall also develop the corresponding RMC and OCNG definitions for FS3 testing
3 Conclusions
In this contribution, we discuss RRM tests for LAA. We make the following proposals, as well as providing an initial test case list and timeline
Proposal 1 : RAN4 develops tests with Pcell + 2 SCells for LAA in the first phase

Proposal 2 : RAN4 considers tests with Pcell + 4 SCells for LAA in a later phase
Proposal 3 : RAN4 develops FDD+FS3 tests and TDD+FS3 tests

Proposal 4 : Simulated LBT is used in all LAA RRM tests
Proposal 5 : RAN4 discusses how LBT is modelled in test equipment to verify that UEs behave correctly when LBT is used

Observation 1 : Since the test requirement depends on the number of DRS occasions that are not transmitted during the requirement period, it is not known a-priori unless the simulated LBT sequence is also known a-priori

Proposal 6 : Test equipment keeps track of the number of DRS occasions that are not transmitted during the requirement period

Proposal 7 : PDRS=0.75 is used
Proposal 8 : When the test equipment decides to transmit DRS, it selects a random position from the allowed positions within the DMTC window.

Proposal 9 : Interested companies shall also develop the corresponding RMC and OCNG definitions for FS3 testing
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