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Introduction
In RAN4#98-e meeting, two ways forward were agreed related to test configurations that are general for all test cases, one for general test configurations [1] and one for CCA models [2]. While many agreements were reached, some details about the CCA models remained still open. In this contribution we continue the discussion about the CCA models and provide our views.
Discussion (CCA models)
Downlink CCA model
In the last meeting, several agreements were made regarding the downlink CCA model for NR-U [2]; what remained still open is the exact values for probability PCCA-DL (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):
	CCA DL success probability for semi-static and dynamic channel access configurations (Issue 2-3-2 and 2-3-3)
Candidate options:
Option 1:
· For LBE: P1=0.75, P2=0.5, 
· For FBE: P = 0.9
· FFS if the probabilities shall apply only for the low Es/Iot (e.g., Es/Iot<-6 dB).
Option 2: 
· For LBE: P1=0.75, P2=0.75, 
· For FBE: P = 0.95
· FFS if the probabilities shall apply only for the low Es/Iot (e.g., Es/Iot<-6 dB).



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.
[bookmark: _Toc71578226]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 strong objection against Option 1 (P1 = 0.75, P2 = 0.5) if this is the preferred option in RAN4.
In order to analyse this topic further, we provide some simulation results on Figure 1. In these results, the statistical method for RRM requirements is considered as defined in RAN5 38.533 [3], where at least 33 test runs are used for performance requirements of statistical nature. In this simulation, the probability of having at least one CCA failure within a period of 200 ms is used. This period of 200 ms adopted for the simulation because this is the minimum period used for many of the NR RRM performance requirements. In each simulated iteration, 33 test runs are used, and the number of test runs that contained at least one CCA failure is counted. In this simulation the CCA failures are counted considering the number of SSB positions within the simulated 200 ms interval. 
The results in Figure 1 are presented for PCCA_DL=[0.5 0.75 0.9 0.95]. This figure shows that when choosing PCCA_DL=0.95 there is a 10% probability that 23 or more test runs will not experience any CCA failure in a 200 ms interval. That also shows that for less than 10 % of the cases 15 test runs or more will have at least one CCA  failure. That shows that by choosing PCCA_DL=0.95 a large proportion of the test runs will not experience any LBT failure, and that PCCA_DL should be lower if we want to guarantee good test coverage with CCA. The same is improved when PCCA_DL=0.9, where there is a 90% probability of experiencing less than 15 test runs with no CCA failures. 
[image: ]
[bookmark: _Ref71296739]Figure 1 Simulation of number of test runs without LBT failures in a 200 ms window 

Considering the arguments above, we think Option 1 with 90 % CCA success rate is the preferable option.Given the above we have the following observations:
[bookmark: _Toc71578227]RAN5 specify that at least 33 test runs are used for performance requirements with statistical nature. 
[bookmark: _Toc71578228]The minimum time interval used for most of the RRM tests is 200 ms. 
[bookmark: _Toc71578229]With PCCA_DL=0.95 there is a 90% probability that more than 15 out of 33 test runs do not experience any LBT failure in a 200 ms time interval.
[bookmark: _Toc71578230]With PCCA_DL=0.9 there is a 10% probability that more than 15 out of 33 test runs do not experience any LBT failure in a 200 ms time interval.
[bookmark: _Toc71578231]For CCA success probability for FBE CCA model, our preferred option to allow CCA failures to be tested with a larger likelihood during the test cases is Option 1, i.e. P = 0.9.
Given the above observations our proposal is as follows:
[bookmark: _Toc71578232]Define PCCA_DL that results in a 90% probability that at least 15 out of 33 test runs will have one or more LBT failures in a 200 ms interval. 
[bookmark: _Toc71578233]Define PCCA_DL=0.9 for FBE.
Another point that was open was whether the CCA probabilities apply only for low Es/Iot. Considering that the objective of the test cases that are being defined is to test the behaviour under CCA, we believe that the priority when defining the CCA probability is to find numbers that guarantee a good test coverage. That means that even under high Es/Iot, the test cases should be defined such that at least few CCA failures are experienced during the test. 
[bookmark: _Toc71578234]A high PCCA_DL even when defined under high Es/Iot may reduce test coverage, since the probability of test runs to experience no LBT failure is larger. 
[bookmark: _Toc71578235]Define PCCA_DL independently of Es/Iot. 

Uplink CCA model
In the last meeting, the following agreement was made regarding the uplink CCA model for NR-U [2];
	UL CCA success probability (Issue 2-4-2)
· PCCA_UL is the probability of a successful UL CCA
· To be determined along with the test case specification
· To model consistent UL CCA failure, PCCA_UL takes a low value, e.g. 0%
· To model no UL CCA failure, PCCA_UL takes a high value, e.g. 100%
· A typical/default value is TBD for PCCA_UL in other test cases, e.g. 75%




Our views related to the TBD value for PCCA_UL in other test cases is provided as follows: we consider one the most demanding test case, i.e. the Random Access procedure for which we would like to test the case of five PRACH retransmission failures due to UL CCA failures (and/or DL CCA failures for the FBE mode). In our companion discussion paper on random access [5] we discuss in more detail how PCCA_UL influences the random access test case. From that we derive the following proposal: 
Proposal 1: [bookmark: _Toc71578236]Define PCCA_UL = 0.8 for both LBE and FBE modes.
In the last RAN4 meeting it was agreed that a limitation on the number of the LBT failures in DL would be defined. This was related to certain requirements having undefined behavior after this limit is reached. Although it was discussed only for DL CCA model, the same can be applied in the UL direction. One example of that is the case of the random access test cases. In that case, if lbt-FailureRecoveryConfig, the UE might consider the random access procedure as not successful after preambleTransMax LBT failures. This state is not currently tested on random access test cases, and it would be better to avoid the UE reaching this state during the test. Therefore, the same logic as in DL can be applied in the UL direction. 
[bookmark: _Toc71578237]Unlimited UL CCA failures might result in UE states that are not typically verified in RRM tests.  
[bookmark: _Toc71578238]Include limitation of the UL CCA failures LCCA_UL on the UL CCA model.  

Classification for statistical testing 
As shown in the previous sessions, there is a chance that a single test run does not introduce any CCA failure. Considering that CCA probabilities that were defined so far, attempt to emulate a scenario that is close to reality, there is no way to guarantee that at least one CCA failure is experienced on a test run due to the statistical nature of the CCA model.  Clause A.2 of 38.133 defines the conditions of classification for statistical testing of RRM requirements [4], where some requirements can be considered as either absolute or statistical. 
Considering that the objective of determining performance requirements with CCA is to evaluate the behavior of UEs when experiencing CCA failures, it is important to assure that the test coverage including CCA failures. That can be a problem if a test case using CCA is considered as an absolute requirement that needs to run only once. In that case, even if a requirement is not “statistical” for NR requirements, it should be considered as statistical for performance requirements with CCA, in order to cover the random behavior of the test. 
[bookmark: _Toc71578239]For deterministic (single run) test cases, PCCA would have to be very low if we want to assure that at least one CCA failure is experienced during the test. 
[bookmark: _Toc71578240]Determine that TCs under CCA are subject to statistical testing. 
We have provided a CR on classification of statistical testing for TC with CCA with a text proposal covering the proposal above. 
Conclusion
This paper discusses on remaining issues regarding RRM performance requirements for operation in unlicensed bands. From this discussion, the following observations and proposals are derived: 
Observation 1:	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 strong objection against Option 1 (P1 = 0.75, P2 = 0.5) if this is the preferred option in RAN4.
Observation 2:	RAN5 specify that at least 33 test runs are used for performance requirements with statistical nature.
Observation 3:	The minimum time interval used for most of the RRM tests is 200 ms.
Observation 4:	With PCCA_DL =0.95 there is a 90% probability that more than 15 out of 33 test runs do not experience any LBT failure in a 200 ms time interval.
Observation 5:	With PCCA_DL=0.9 there is a 10% probability that more than 15 out of 33 test runs do not experience any LBT failure in a 200 ms time interval.
Observation 6:	For CCA success probability for FBE CCA model, our preferred option to allow CCA failures to be tested with a larger likelihood during the test cases is Option 1, i.e. P = 0.9.
Proposal 1: Define PCCA_DL that results in a 90% probability that at least 15 out of 33 test runs will have one or more LBT failures in a 200 ms interval.
Proposal 2: Define PCCA_DL =0.9 for FBE.
Observation 7:	A high PCCA_DL even when defined under high Es/Iot may reduce test coverage, since the probability of test runs to experience no LBT failure is larger.
Proposal 3: Define PCCA_DL independently of Es/Iot.
Proposal 4: Define PCCA_DL = 0.8 for both LBE and FBE modes.
Observation 8:	Unlimited UL CCA failures might result in UE states that are not typically verified in RRM tests.
Proposal 5: Include limitation of the UL CCA failures LCCA_UL on the UL CCA model.
Observation 9:	For deterministic (single run) test cases, PCCA would have to be very low if we want to assure that at least one CCA failure is experienced during the test.
Proposal 6: Determine that TCs under CCA are subject to statistical testing.
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