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Introduction
In RAN4#98-e meeting, two way forwards were agreed related to test configurations that are common for all test cases, one for general test configurations [1] and one for CCA models [2]. Additionally, CRs were agreed for both parts: [3] for other test configurations and [4] for CCA models. While many agreements were reached, many details especially about the CCA models still remained open. In this contribution we continue the discussion about the test configurations.
Discussion (Applicability rules)
After the discussion in the RAN4#98-e meeting, the following options were listed for the applicability of test cases when the UE supports dynamic channel access mode (LBE), semi-static channel access mode (FBE) or both of these CCA variants:
	Regarding UEs capable of dynamic channel access mode or semi-static channel access mode, the following options are open:
· Option 1: 
· The test configurations for dynamic channel access mode applies when:
· UE is capable of only dynamic channel access mode, and 
· UE is capable of both dynamic channel access mode and semi-static channel access mode. 
· The test configurations for semi-static access mode applies when:
· UE is capable of only semi-static channel access mode.
· Option 2:
· The test configurations for dynamic channel access mode applies at least when:
· UE is capable of only dynamic channel access mode, and 
· NW indicates dynamic channel occupancy.
· FFS: for UE capable of semi-static access mode only or both semi-static and dynamic channel access modes
· The test configurations for semi-static access mode applies at least when:
· UE is capable of only semi-static channel access mode, and 
· NW indicates semi-static channel occupancy.
· FFS: for UE capable of dynamic access mode only or both dynamic and semi-static access modes
· Option 3: 
· A UE that signals both FBE and LBE capability need to test only LBE test cases.
· A UE that signals FBE only capability is subject to tests only with FBE configuration.
· A UE that signals LBE only capability is subject to tests only with LBE configuration.




If the UE supports only dynamic (LBE) or semi-static (FBE) channel access, it makes sense that only the supported CCA variant is tested, and this seems to be agreeable in RAN4. When considering the case when the UE supports both dynamic and semi-static channel access (LBE and FBE), there have been proposals to either test the UE with both CCA variants, or to only require UE to be tested with dynamic channel access (LBE). 
A concern of testing with both LBE and FBE is that the number of test cases would be doubled, which would increase testing time and cost. On the other hand, a concern about not testing with both CCA variants is that it is not clear whether it can be assumed that if a UE is capable to pass a test with LBE, it would automatically mean that the UE is also capable to pass the test with FBE. Additionally, it is not clear whether UEs that support only FBE will be actually available. If such UEs are not considered realistic and UEs supporting both LBE and FBE would only be tested with LBE, it would mean that FBE would never be tested.
If a UE supporting both dynamic and semi-static channel access (LBE and FBE) would be required to be tested with both CCA variants, this would double the number of test cases for such UE.
It may not be feasible to assume that a UE that can pass all RRM tests with dynamic channel access (LBE) can also pass the same tests with semi-static channel access (FBE).
It is not clear if UEs that only support semi-static channel access (FBE) will be actually available.
Taking into account Observations 1-3, we think it would be good to test a UE supporting both LBE and FBE with both CCA variants. We do not think that all test cases need to be repeated for both variants, but the following two options can be considered:
Option 1: Some test cases are run with LBE and some with FBE.
Option 2: All test cases are run with LBE, and additionally some specific test cases are also run with FBE. 
As we assume that LBE mode will be the most used mode on the field for UEs we believe that LBE mode should be fully tested. On the other hand, given observations 1 and 2, we think that some additional FBE tests should be run in order to test at least UEs supporting both LBE and FBE modes. Therefore, we prefer Option 2.
For a UE that supports both LBE and FBE, all test cases are run with LBE, and additionally some specific test cases are also run with FBE.
How many and which of the test cases are to be chosen to be run with FBE is then for further study. However, we think that the following test cases should be suitable candidates:
· RRC_Idle, cell-reselection intra-frequency, NR-U (LBE mode) à NR-U (FBE mode). Such a test would not only test cell re-selection to a cell in FBE mode but also the ability for a UE supporting both LBE and FBE modes to switch between these modes according to the mode supported by the network.
· Random Access to NR-U PCell in FBE mode. Given that in FBE mode UL transmissions are only allowed within a gNB-initiated COT (Channel Occupancy Time) – meaning that to be able to transmit PRACH a UE shall detect that a DL transmission has occurred – we think that such a test is needed.
UEs are not allowed to initiate COT when using FBE mode. 
Assuming the above Proposal 1 is agreed, include at least the following test cases for FBE mode: “RRC_Idle, cell-reselection intra-frequency, NR-U (LBE mode) à NR-U (FBE mode)” and “Random Access to NR-U PCell in FBE mode”.
When PRACH is transmitted within a gNB-initiated COT and the DL-UL transmissions gap is less or equal to 16 µs, the UE is not mandated to perform a UL CCA before transmitting (see [7]). As a consequence, and to properly test UL CCA failure cases it is necessary to configure a DL-UL transmissions gap greater than 16 µs in the case the PRACH is transmitted within a gNB-initiated COT.
In the case the PRACH is transmitted within a gNB-initiated COT – which is always the case for FBE mode, a gap greater than 16 µs has to be configured between the DL-UL transmissions.

Discussion (CCA models)
Downlink CCA model
In the last meeting, several agreements were made regarding the downlink CCA model for NR-U. As a baseline it was agreed to use a probabilistic model, where probability Pcca is used to model the probability of successful attempt for acquiring channel and transmitting necessary signals. Some of the agreements related to the downlink CCA model are [2]:
	Differentiation between FBE and LBE
· If needed, test parameter values for FBE and LBE (e.g., signaling-related) are specified in the same test case (a note to clarify their applicability can be added, if needed)

DL CCA modelling procedures
· Probabilistic model
· Define a parameter for CCA success probability, PCCA, to model the probability of successful attempt for acquiring the channel and transmitting the necessary signals.
· Deterministic model
· Deterministic CCA pattern with a repetitive pattern of n available SSBs for every m SSB occasions
· Probabilistic model is used as a baseline approach. Deterministic model can be used for selected test cases to guarantee proper UE behaviour.

Probabilistic DL CCA model
· The probability parameter PCCA is not a single fixed value in the model but a variable; the value(s) are configured to a relevant setting in each test. 
· The specific PCCA values should be defined among cell-specific test parameters in each test case. 
· The CCA model specifies a discrete set of possible values 
· One or more specific values from the set are chosen in each test
· One value can be chosen as a default one and will apply to most of test cases 
· The set of values 
· {0%, 25%, 50%, 75%, 100%}
· Other options are not precluded.

DL CCA models parameter variation
· One probability value (per TRP) applies at any time point during a test; one or more probability values can be configured in the entire test, one value PCCA_DL,i per time interval Ti where i≥1 and the multiple time intervals (when i>1) do not overlap (e.g., PCCA_DL=1.0 in T1 and PCCA_DL=0.75 in T2).
· As a baseline approach, DL CCA probability (PCCA_DL) is kept constant during a test. 
· In selected test cases DL CCA probability (PCCA_DL) parameters may be changed for different time intervals.

DL CCA model for LBE and FBE operation
1. Define a probability equal to P1 for the transmission of the DRS in the first candidate position. 
2. In case of CCA failure for transmission in the first candidate position, define a probability equal to P2 for the transmission in the second candidate position for a given SSB index.
Different probabilities can be used for LBE and FBE operation
Note: If significant issues with this model are identified then the model with independent probabilities for CCA failure can be considered




What remained still open is the exact values for probability Pcca (P1 and P2). The following options were considered in the last meeting to be used as default values for dynamic and semi-static channel access (LBE and FBE):
	Definition of P1 and P2 in DL LBE model
Candidate options:
· Decide for the default probability for most cases among Options 1 and 2:
· Option 1: P1=0.75, P2=0.5
· Option 2: P1 = P2 = 0.75
· Other options are not precluded.

FFS: whether/ how to handle consecutive unavailable samples.
Definition of P in DL FBE model
Candidate options:
· Decide for the default probability for most cases among Options 1 and 2:
· Option 1: Define P(FBE) = 0.95
· Option 2: P(FBE) = 0.9
· Other options are not precluded.

FFS: whether/ how to handle consecutive unavailable samples.




For LBE, we think there is no big difference in practice between Option 1 and Option 2, as both options would give almost the same overall CCA success probability. However, we prefer Option 2 because of the following:
· Option 2 is consistent with the CCA model already used for LTE-LAA.
· For use cases such as private networks in a factory environment the spectrum load is expected to be low, at least for NR-U Rel-16 deployments on the field. Therefore, P1 = P2 makes sense for such cases.
On the other hand, if RAN4 would like to address the fact that in case CCA failure happens in the first SSB candidate position, the likelihood of CCA failure in the second SSB candidate position is higher, Option 1 would take this into account. Therefore Option 1 is fine for us if this is a clear preferred option by the RAN4 group.
For CCA success probability for LBE CCA model our preferred option is Option 2, i.e. P1 = P2 = 0.75. On the other hand, we would have no objection against Option 1 (P1 = 0.75, P2 = 0.5) if this is the preferred option in RAN4.
For FBE we prefer to introduce a bit lower success probability to make sure that the correct UE behaviour when CCA fails can be tested with a bit larger likelihood during the test cases. Thus, we think Option 2 with 90 % CCA success rate is the preferable option.
For CCA success probability for FBE CCA model, agree on Option 2: P(FBE) = 0.9.
It was also left FFS how to handle the CCA model when DRX is in use.
	DL LBT model when DRX is in use
Candidate options: 
· FFS: For test cases with DRX in use, the LBT can be modelled as either all SMTCs are with available SSBs or all SMTCs are with no SSBs available during one DRX cycle.




We think the DRX part can be agreed after the details of the non-DRX CCA model has been finished. However, we think that the principle of the model would not need to be changed when DRX is used.
The principle of the non-DRX CCA model would not be changed when using the DRX CCA model.
RAN4 should deal first with the non-DRX CCA model and deal with the DRX CCA model afterwards.

Uplink CCA model
The following agreements and candidate options were made related to UL CCA model in the last RAN4 meeting:
	UL CCA model configuration
Candidate options:
Consider if the following option can be agreed:

· Option 1: 
· UL CCA model is not necessary in every test case, but where the requirement depends on UL CCA failures. 
· If RAN4 agrees to test UL CCA in the RRM tests, an UL CCA type configuration needs to be defined.
· Option 2: 
· Configuration of PCCA_UL=1.0 can be used where the impact of UL CCA is not tested.
· Otherwise it can be <1.0.

UL CCA model
Candidate options:
Consider the following options: 
· Option 1 Define baseline UL CCA model as:
· Use DL FBE model to transmit a OCNG noise pattern with CCA BW in one or more of the scheduled/configured UL resource with probability P. 
· P is FFS
· The test equipment keeps a count of the number of UL CCA failures it may cause.
· When the OCNG signal is transmitted, the test equipment does not monitor the UL resource in which the OCNG is transmitted.
· When the OCNG signal is not transmitted, the test equipment monitors the UL resource for the desired UL signal.
· Based on whether it receives the signal or not, the test equipment declares the test case pass/fail
· Consistent UL CCA failures are modelled by means of a low CCA success probability.
· Option 2: basic principles:
· For UL CCA, the modelling approach is based on a probability PCCA_UL,i of successful access during the corresponding time Ti of the time interval i. 
· Prior to each UL transmission burst within a time interval i of the test:
· Generate a uniform random variable p from the range [0, 1].
· If p<PCCA_UL,i, then the energy generated by the test system in the corresponding portion of UL slot is equal to or below the energy detection threshold [TBD]; otherwise the energy generated by the test system in the portion of UL slot is above the energy detection threshold [TBD].
· Consistent UL CCA failures are modelled by means of a low PCCA_UL,i (e.g., 0%) during the relevant time interval Ti within the test.
· In the same time interval i, PCCA_UL,i and PCCA_DL,i can have different values.
· Option 3: basic principles:
· Prior to each UL transmission burst in the test:
1. Generate a uniform random variable p from the range [0, 1].
2. If p<PCCA_UL, then the energy generated by the test system in the corresponding portion of UL slot is equal to or below the energy detection threshold [TBD]; otherwise the energy generated by the test system in the portion of UL slot is above the energy detection threshold [TBD].
· The above steps are repeated for each UL transmission burst in the test.
· FFS The probability can be different in different time intervals Ti during a test case.

UL CCA models parameter variation
· One probability value applies at any time point during a test; one or more probability values can be configured in the entire test, one value PCCA_UL,i per time interval Ti where i≥1 and the multiple time intervals (when i>1) do not overlap (e.g., PCCA_UL =1.0 in T1 and PCCA_UL =0.75 in T2).
· As a baseline approach, UL CCA probability (PCCA_UL L) is kept constant during a test.
·  In selected test cases UL CCA probability (PCCA_UL) parameters may be changed for different time intervals.


Consistent UL CCA failures
Tentative agreements:
Consistent UL CCA failures are modelled by means of a low PCCA_UL (e.g., 0%). 
FFS: List of test cases that need to model consistent UL CCA failures




For the basic principle of UL CCA model, agree on Option 1:
Option 1 Define baseline UL CCA model as:
i. Use DL FBE model to transmit a OCNG noise pattern with CCA BW in one or more of the scheduled/configured UL resource with probability P. 
1. P is FFS
ii. The test equipment keeps a count of the number of UL CCA failures it may cause.
iii. When the OCNG signal is transmitted, the test equipment does not monitor the UL resource in which the OCNG is transmitted.
iv. When the OCNG signal is not transmitted, the test equipment monitors the UL resource for the desired UL signal.
v. Based on whether it receives the signal or not, the test equipment declares the test case pass/fail
vi. Consistent UL CCA failures are modelled by means of a low CCA success probability.

UL LBT failure tracking depends on the configuration of LBT-FailureRecoveryConfig, which includes a detection timer and maximum count, as described in 38.321 and 38.331. This behavior depends on an optional feature ul-LBT-FailureDetectionRecovery-r16. Since this feature is optional, we understand that consistent UL CCA failure detection should not be included in RRM test cases, since the test cases would not be supported by some UEs. 
Consistent UL CCA failure depends on an optional UE feature ul-LBT-FailureDetectionRecovery-r16.
RAN4 to define consistent UL CCA failures only as part of the following RRM test cases:
 -NR-U – NR-U PCell UL active BWP switch based on persistent UL LBT failure 

On the last RAN4 meeting the following issue was discussed regarding PRACH configuration: 
	PRACH configuration in test-cases subject to UL CCA
FFS: Test equipment to configure preambleReceivedTargetPower for msg1 and msgA-PreambleReceivedTargetPower for msgA to the highest value for UL CCA test cases.



The PRACH transmitted power is verified as part of the existing RAN4 test cases for RACH. The behavior that is specified for unlicensed bands in 38.321 includes PRACH power ramping that is applied only if the last attempt for random access transmission did not experience LBT failure. As a result, whenever the UE is prevented to transmit due to UL LBT failure, the PRACH transmitted target power is unaffected. One proposal was brought in the last meeting to configure the preambleReceivedTargetPower to the highest value, which would prevent the power ramping uncertainty with UL LBT failures. However, given the behavior described in 38.321 [4], there is no uncertainty on the expected transmitted UE power, considering that the test equipment is capable of knowing the RACH occasions (ROs) subject to CCA UL failure, it should be able to determine the expected transmitted power of PRACH in UL without ambiguity. Considering that RAN4 NR requirements for RACH in FR1 have an initial preamble power of -30 dBm, the performance requirements for NR-U can reuse the same approach as in NR for the definition of the RACH test cases. 
Figure 1 shows the expected behavior of PRACH power ramping when a UE is subjected to UL LBT failures. In the case CCA is successful, the UE transmits PRACH. If the UE doesn’t receive the random access response, it should perform PRACH power ramping and attempting random access procedure again. If CCA UL fails when the UE is attempting to transmit PRACH, power ramping is not applied, and the UE may attempt transmission in the next occasion. 




[bookmark: _Ref67417525]Figure 1 Description of the expected PRACH power ramping during a RRM test including UL LBT failure

PRACH transmitted power does not increase after UL LBT failure. 
Existing RACH RRM test cases in FR1 specify that the power of the first preamble shall be -30 dBm.
Specify RACH requirements that reuse NR FR1 configurations and expected PRACH transmitted power.  
Specify that the power of the first preamble for NR-U random access test cases to be the same as in NR test cases. 
Exceeding Lmax in NR-U RRM test cases
Handling the situation where Lmax is exceeded in the test cases was discussed in the last RAN4 meeting. The following was captured in the way forward [2] related to this discussion:
	General approach on exceeding Lmax values in RRM tests
Tentative agreements:
For the test cases where no particular behaviour to be verified, exceeding Lmax shall be avoided. 
Candidate options:
Consider the following candidate option regarding that agreement:
· Proposal 1: Add a note in the TC description (e.g., under tested requirement part, together with the sentence on 90%) that a test realization where Lmax is exceeded shall not be considered in the statistics.

List of test cases in which exceeding Lmax values may be considered
Tentative agreements:
· Consider having particular test cases to verify the correct UE behaviour for the following cases: 
· Initiating the measurements on neighbour upon exceeding Mp and Mq in Cell reselection
· Initiate cell selection procedures for the selected PLMN upon L1 exceeding L1,max in RRC release with redirection
· Report RSRP_0 upon L1 exceeding L1,max for L1-RSRP measurement
· For SCell activation in NR-U, exceeding Lmax should be avoided.
· For SFTD measurement NR-U, exceeding Lmax should be avoided.
· For intra-frequency and inter- frequency measurement for NR-U, exceeding LPSS/SSS,gaps,max should be avoided.. 
Should consecutive unavailable samples be avoided as a part of the CCA model?
Candidate options:
· Option 1: Yes
· Option 2: No
· Option 3: No as a baseline, and yes only for specific test cases

How to handle consecutive unavailable samples 
Candidate options:
· Option 1: CCA model is a random process that doesn’t allow for more than a configured number of unavailable NUNAV
· NUNAV is FFS
· Option 2: no need to specifically handle consecutive unavailable samples
· Other options are not precluded




Since it was agreed that for the test cases where no particular UE behavior is to be tested, exceeding Lmax should be avoided, RAN4 should agree how to make sure that such test runs where Lmax is exceeded do not impact the UE success probability for the test case. 
One proposal in RAN4#98-e meeting was to just not to include such test runs where Lmax is exceeded in the statistics. While this approach would make sure that the UE success probability does not depend on exceeding Lmax, this approach would anyway allow such test runs, which would increase the testing time while some test runs remain useless. 
If test runs where Lmax is exceeded are allowed but just not included in the statistics, testing time would be higher and some of the test runs would be useless.
Due to Observation 8, we think it would be more efficient if such test runs where Lmax is exceeded would be prevented by the test equipment. We do not think it is an efficient way of testing to create a test environment which has test runs that are not useful. We think it would be a better option that the test equipment would count the LBT failures during a test run and after exceeding Lmax would not allow more CCA failures in the test. This way all the test runs can be considered in the statistics in the situation where exceeding Lmax is not desired.
Test environment should not have test runs that are rendered useless due to exceeded LBT failures
Test equipment should make sure that Lmax is not exceeded during a test by monitoring the number of CCA failures and preventing additional CCA failures from happening after Lmax is reached. 
Conclusion
In this contribution we have discussed the remaining details of CCA testing and other related test configurations for NR-U. We have made the following observations and proposals:
1. If a UE supporting both dynamic and semi-static channel access (LBE and FBE) would be required to be tested with both CCA variants, this would double the number of test cases for such UE.
It may not be feasible to assume that a UE that can pass all RRM tests with dynamic channel access (LBE) can also pass the same tests with semi-static channel access (FBE).
It is not clear if UEs that only support semi-static channel access (FBE) will be actually available.
1. For a UE that supports both LBE and FBE, all test cases are run with LBE, and additionally some specific test cases are also run with FBE.
UEs are not allowed to initiate COT when using FBE mode. 
Assuming the above Proposal 1 is agreed, include at least the following test cases for FBE mode: “RRC_Idle, cell-reselection intra-frequency, NR-U (LBE mode) à NR-U (FBE mode)” and “Random Access to NR-U PCell in FBE mode”.
In the case the PRACH is transmitted within a gNB-initiated COT – which is always the case for FBE mode, a gap greater than 16 µs has to be configured between the DL-UL transmissions.
For CCA success probability for LBE CCA model our preferred option is Option 2, i.e. P1 = P2 = 0.75. On the other hand, we would have no objection against Option 1 (P1 = 0.75, P2 = 0.5) if this is the preferred option in RAN4.
For CCA success probability for FBE CCA model, agree on Option 2: P(FBE) = 0.9.
The principle of the non-DRX CCA model would not be changed when using the DRX CCA model.
RAN4 should deal first with the non-DRX CCA model and deal with the DRX CCA model afterwards.
For the basic principle of UL CCA model, agree on Option 1:
Option 1 Define baseline UL CCA model as:
i. Use DL FBE model to transmit a OCNG noise pattern with CCA BW in one or more of the scheduled/configured UL resource with probability P. 
1. P is FFS
ii. The test equipment keeps a count of the number of UL CCA failures it may cause.
iii. When the OCNG signal is transmitted, the test equipment does not monitor the UL resource in which the OCNG is transmitted.
iv. When the OCNG signal is not transmitted, the test equipment monitors the UL resource for the desired UL signal.
v. Based on whether it receives the signal or not, the test equipment declares the test case pass/fail
vi. Consistent UL CCA failures are modelled by means of a low CCA success probability.

Consistent UL CCA failure depends on an optional UE feature ul-LBT-FailureDetectionRecovery-r16.
RAN4 to define consistent UL CCA failures only as part of the following RRM test cases:
 -NR-U – NR-U PCell UL active BWP switch based on persistent UL LBT failure 
PRACH transmitted power does not increase after UL LBT failure. 
Existing RACH RRM test cases in FR1 specify that the power of the first preamble shall be -30 dBm.
Specify RACH requirements that reuse NR FR1 configurations and expected PRACH transmitted power.  
Specify that the power of the first preamble for NR-U random access test cases to be the same as in NR test cases. 
If test runs where Lmax is exceeded are allowed but just not included in the statistics, testing time would be higher and some of the test runs would be useless.
Test environment should not have test runs that are rendered useless due to exceeded LBT failures
Test equipment should make sure that Lmax is not exceeded during a test by monitoring the number of CCA failures and preventing additional CCA failures from happening after Lmax is reached. 
References
[1] R4-2103518, WF on general test configurations for NR-U RRM performance requirements, Nokia, Nokia Shanghai Bell, 3GPP TSG RAN WG4 Meeting #98-e, Electronic Meeting, January 25th – February 5th, 2021.
[2] R4-2104088, WF on CCA models for NR-U RRM performance requirements, Qualcomm, 3GPP TSG RAN WG4 Meeting #98-e, Electronic Meeting, January 25th – February 5th, 2021.
[3] R4-2103521, Draft CR: RMC for NR-U test cases, Ericsson, 3GPP TSG RAN WG4 Meeting #98-e, Electronic Meeting, January 25th – February 5th, 2021.
[4] R4-2103522, CCA model in NR-U test cases, Ericsson, 3GPP TSG RAN WG4 Meeting #98-e, Electronic Meeting, January 25th – February 5th, 2021.
[5] TS 38.321, Medium Access Control (MAC) protocol specification (Release 16)
[6] TS 38.331, Radio Resource Control (RRC) protocol specification (Release 16)
[7] TS 37.213, Physical layer procedures for shared spectrum channel access (Release 16)



image1.wmf
g

N

B

T

E

U

E

D

U

T

n

o

i

s

e

 

b

u

r

s

t

P

R

A

C

H

P

W

a

i

t

 

n

e

x

t

 

R

O

P

R

A

C

H

N

o

 

r

a

n

d

o

m

a

c

c

e

s

s

r

e

s

p

o

n

s

e

P

R

A

C

H

p

o

w

e

r

 

r

a

m

p

i

n

g

P

R

A

C

H

r

a

n

d

o

m

 

b

a

c

k

o

f

f

n

o

i

s

e

 

b

u

r

s

t

P

R

A

C

H

P

W

a

i

t

 

n

e

x

t

 

R

O

P

R

A

C

H

P

R

A

C

H

R

a

n

d

o

m

 

a

c

c

e

s

s

r

e

s

p

o

n

s

e

C

C

A

 

U

L

 

f

a

i

l

u

r

e

C

C

A

 

U

L

 

f

a

i

l

u

r

e

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

6

.

3

.

7


oleObject1.bin

