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Introduction
This paper introduces discussion on parameters related to the random access test cases. Among the topics that are discussed are the need for modelling CCA failures in DL for random access TCs, how to avoid unsuccessful random access during test runs, and ranges of CCA probabilities that are needed for the verification of random access test cases. 

Discussion 
DL CCA failure configuration 
In the last RAN4 meeting, an issue was left open regarding configuration of DL LBT failures in random access test cases [1]:
	DL CCA failure probability in random access test cases
The following options have been discussed during the meeting:
· Proposal 1: NR-U random access procedure tests do not need to configure DL LBT failure, i.e., set PCCA_DL=1.0.




It was also agreed that random access test cases would be used for verifying both FBE and LBE configurations for UEs that support both modes [1]:
	FBE and LBE applicability
· 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.
· The set of test cases is FFS
· 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.
 
FBE and LBE test cases
· For a UE that supports both LBE and FBE, the following test cases should be run for LBE and FBE: 
· RRC_Idle, cell-reselection intra-frequency, NR-U  -> NR-U 
· Random Access to NR-U PCell 




One important distinction between the LBE and FBE behavior is the following: in FBE mode UL transmissions shall always take place within a gNB-initiated COT, meaning that UL transmissions are more sensitive to DL CCA failures, whereas in LBE mode the UE may initiate the COT. The endorsed random access test case from the last RAN4 meeting already includes the requirements for DL CCA failures for LBE and FBE configurations [4] which consider that behavior. Therefore, by not configuring DL CCA failures in random access test cases, the verification of that behavior will not be possible. 
[bookmark: _Toc71578561]Random access test cases were included on the list among the TCs that are used to differentiate LBE and FBE behaviour of UEs supporting both channel access modes. 
[bookmark: _Toc71578562]If DL CCA failures are not configured in random access test cases, there will be nearly no difference on the test case when configured with LBE and FBE. 
[bookmark: _Toc71578563]Define configuration of random access test cases that help differentiating the UE behaviour when configured with semi-static and dynamic channel access modes. 
[bookmark: _Toc71578564]Configure DL CCA failures for the random access test cases for both semi-static and dynamic channel access configurations. 

Limitation of CCA failures
In the last RAN4 meeting, the following agreements were made concerning UL CCA failure detection recovery for the random access test cases [1] 
	lbt-FailureRecoveryConfig in random access test cases
· Not to configure lbt-FailureRecoveryConfig for the random access procedure test cases. 




and for CCA configuration in UL [2]:
	Configuration of UL CCA Failure Detection Recovery (Issue 2-4-3)
· Configure UL CCA failure recovery only as part of the following RRM test case:
· NR-U – NR-U PCell UL active BWP switch based on persistent UL LBT failure




Considering that lbt-FailureRecoveryConfig is not configured in random access test cases, if the number of PRACH retransmissions combined with the number of LBT failures exceeds the parameter preambleTransMax, the random access procedure may be unsuccessfully completed as described for 4-step RACH in the 38.321 clause 5.1.3 below [3]:
	1> If LBT failure indication is received from lower layers for this Random Access Preamble transmission:
2>	if lbt-FailureRecoveryConfig is configured:
3>	perform the Random Access Resource selection procedure (see clause 5.1.2).
2>	else:
3>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
3>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:
4>	if the Random Access Preamble is transmitted on the SpCell:
5>	indicate a Random Access problem to upper layers;
5>	if this Random Access procedure was triggered for SI request:
6>	consider the Random Access procedure unsuccessfully completed.
4>	else if the Random Access Preamble is transmitted on an SCell:
5>	consider the Random Access procedure unsuccessfully completed.
3>	if the Random Access procedure is not completed:
4>	perform the Random Access Resource selection procedure (see clause 5.1.2).



 
A similar behaviour is also described for 2-step RACH. Since the behavior after the UE reaches the preambleTransMax is not typically tested in RAN4 for random access test cases it is important to set the parameters for this TC in order to avoid that situation. This can be easily done by setting a “Lmax” limit as discussed for DL in previous meetings, but in the UL direction. Similar behavior may occur in DL direction, considering that the UE may not receive RAR/MsgB response due to CCA failure in DL, which would force the UE to retransmit the preamble in the case the Response Window duration is exceeded. Considering that the existing NR test cases for random access consider 5 retransmissions of the preamble, and that the Response Window duration is never exceeded for the RAR/MsgB after the last preamble transmissions, the parameters for the random access test case can be chosen such that a UE never exceeds the preambleTransMax during the test. 
[bookmark: _Toc71578565]Random access procedure is considered unsuccessfully completed after the combination of retransmissions and UL LBT failures exceed preambleTransMax.
[bookmark: _Toc71578566]Random access test cases always include 5 transmissions of the preamble. RAR/MsgB retransmissions may be delayed following DL CCA failures, but in any case the Response Window duration must not be exceeded to avoid further PRACH/MsgA retransmissions.
[bookmark: _Toc71578567]Define random access test cases that limit the number of CCA failures in UL and DL to prevent reaching preambleTransMax LBE and FBE configurations.
[bookmark: _Toc71578568]Define preambleTransMax, LCCA_DL and LCCA_UL in random access test cases with CCA such that preambleTransMax > 5 + LCCA_DL +LCCA_UL LBE and FBE configurations
Another point to consider, is that the LCCA_DL limit should be used to prevent the delay for the last RAR/MsgB to exceed the ra-ResponseWindow/msgB-ResponseWindow. If this window is set as 20 slots (10 ms for 30 kHz SCS) and we configure the semi-static channel access period as 2 ms, the limit of DL CCA failures should be LCCA_DL < 5 to avoid exceeding the ra-ResponseWindow/msgB-ResponseWindow. 
[bookmark: _Toc71578569]Define preambleTransMax = n20, LCCA_DL =4 and LCCA_UL =5 in random access test cases with CCA for both LBE and FBE configurations.

CCA failure probabilities
Random access test cases are defined for verification of 5 retransmissions of the PRACH preamble. Depending on the CCA probability that is defined, there may be a high probability that if a single test run is considered no CCA failure is experienced during the test. The probability of at least one CCA failure can be expressed as 1-(PCCA)5, as illustrated in Figure 1. From this example, it is possible to observe that for a PCCA value close to 1.00, e.g. PCCA=0.95, the probability that a single test run experiences at least one CCA failure is 23%, meaning that 77% of the test runs would not experience any CCA failure considering 5 preamble retransmissions. If PCCA=0.75, there is still a high probability of 23% that no CCA failure is experienced in a single test run. 
[bookmark: _Toc71578570]If a single test run is considered with 5 retransmissions, there is a high probability of no CCA failures for PCCA>0.75.
[bookmark: _Toc71578571]In our view there are two options for defining random access test cases such that at least few CCA failures are ensured:
· [bookmark: _Toc71578572]Option 1: Define that random access test cases are subject to statistical testing.
· [bookmark: _Toc71578573]Option 2: Define a low probability of CCA success, both in UL and DL for random access test cases, i.e. PCCA_UL< 0.5 and PCCA_DL< 0.5. 

[bookmark: _Toc71578574]In our view, the best solution for that problem is to consider random access test cases as being of statistical nature, due to the uncertainty of CCA failures during a single test run. Considering that low probability of CCA success is not in line with expected deployment, we expect statistical testing (i.e. Option 1) to be the more acceptable one.
[bookmark: _Toc71578575]Define that random access test cases are subject to statistical testing.

[image: ]
[bookmark: _Ref71045110]Figure 1 Probability of at least 1 CCA failure on a single test run with 5 preamble retransmissions
Assuming statistical testing is agreed it is possible to determine the PCCA probabilities that guarantee that a significant amount of test runs include CCA failures. The RAN5 requirements for statistical testing include at least 33 test runs are used when no errors are observed [5]. Therefore, 
[bookmark: _Toc71578576]RAN5 requirements for statistical testing include at least 33 test runs if no errors are observed.
[bookmark: _Toc71578577]Define PCCA probabilities that ensure that at least 15 out of 33 test runs experience more than one CCA failure. 
In order to determine a PCCA probability for the proposal above, a simple simulation is performed as follows. For this simulation the chance for no CCA failure within all the preamble transmissions is determined. For each iteration the simulator runs 33 test runs and counts how many of those had no CCA failure. The results for several iterations are shown in Figure 2, where the CDF showing the probability of at least X test runs not experiencing any CCA failure. As an example, for PCCA = 0.95, there is a probability of nearly 100% for more than 15 test runs not to experience any CCA failure. This probability is reduced to 90% for PCCA = 0.9, to 40% for PCCA = 0.85 and to 4% for PCCA = 0.8.  

[image: ]
[bookmark: _Ref71455967]Figure 2 CDF showing number of test runs within 33 that experience at least one CCA failure for different CCA probabilities for 5 PRACH transmissions
Given the above we have the following observation:
[bookmark: _Toc71578578]Assuming statistical testing is used for random access TCs, the conditions PCCA_DL ≤ 0.8 and PCCA_UL ≤ 0.8 are mandatory to ensure that at least 15 out of 33 test runs experience at least one CCA failure with a 96% probability.
Related to PCCA_UL, we have therefore for both LBE and FBE mode the following proposal:
[bookmark: _Toc71578579]Define PCCA_UL = 0.8 for both LBE and FBE modes in random access test cases.
Related to PCCA_DL, any of the options discussed in previous meetings for LBE mode fulfil the PCCA_DL ≤ 0.8 requirement. For FBE mode we have the following proposal:
[bookmark: _Toc71578580]Define PCCA_DL = 0.8 for FBE mode in random access test cases.

Conclusion
In this contribution we have discussed the parameters related to random access test cases in NR-U. We have made the following observations and proposals:
Observation 1:	Random access test cases were included on the list among the TCs that are used to differentiate LBE and FBE behaviour of UEs supporting both channel access modes.
Observation 2:	If DL CCA failures are not configured in random access test cases, there will be nearly no difference on the test case when configured with LBE and FBE.
Proposal 1: Define configuration of random access test cases that help differentiating the UE behaviour when configured with semi-static and dynamic channel access modes.
Proposal 2: Configure DL CCA failures for the random access test cases for both semi-static and dynamic channel access configurations.
Observation 3:	Random access procedure is considered unsuccessfully completed after the combination of retransmissions and UL LBT failures exceed preambleTransMax.
Observation 4:	Random access test cases always include 5 transmissions of the preamble. RAR/MsgB retransmissions may be delayed following DL CCA failures, but in any case the Response Window duration must not be exceeded to avoid further PRACH/MsgA retransmissions.
Proposal 3: Define random access test cases that limit the number of CCA failures in UL and DL to prevent reaching preambleTransMax LBE and FBE configurations.
Proposal 4: Define preambleTransMax, LCCA_DL and LCCA_UL in random access test cases with CCA such that preambleTransMax > 5 + LCCA_DL +LCCA_UL LBE and FBE configurations
Proposal 5: Define preambleTransMax = n20, LCCA_DL =4 and LCCA_UL =5 in random access test cases with CCA for both LBE and FBE configurations.
Observation 5:	If a single test run is considered with 5 retransmissions, there is a high probability of no CCA failures for PCCA>0.75.
Proposal 6: Define that random access test cases are subject to statistical testing.
Observation 6:	RAN5 requirements for statistical testing include at least 33 test runs if no errors are observed.
Proposal 7: Define PCCA probabilities that ensure that at least 15 out of 33 test runs experience more than one CCA failure.
Observation 7:	Assuming statistical testing is used for random access TCs, the conditions PCCA_DL ≤ 0.8 and PCCA_UL ≤ 0.8 are mandatory to ensure that at least 15 out of 33 test runs experience at least one CCA failure with a 96% probability.
Proposal 8: Define PCCA_UL = 0.8 for both LBE and FBE modes in random access test cases.
Proposal 9: Define PCCA_DL = 0.8 for FBE mode in random access test cases.
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