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Introduction
[bookmark: _Hlk54120204]The discussion on performance requirements in NR-U began during the last meeting (RAN4#97-e). There were discussions on various topics and the agreements are captured in the WF[1]. In this paper, we present our views on some of the FFS items identified in the WF[1].
LBT models in RRM tests
LBT models were briefly discussed during RAN4#97e and a general model for DL LBT was introduced. It was also decided to discuss a methodology to test UL LBT failures in RRM tests. In this section, we discuss the LBT models for DL and UL and provide our views on the topic.
DL LBT model for LBE
The following DL LBT models were discussed for LBE mode in the last meeting:
· Option 1: For LBE test cases in non DRX: RAN4 to adopt the following DL LBT model: 1) Define a probability equal to P1 for the transmission of the DRS in the first candidate position. 2) In case of LBT 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.
· FFS: the value of P1 and P2, or if P1 = P2.
· FFS: how to treat the different UE behaviors in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case-by-case approach).

· Option 2:  DL LBT model, in LBE non-DRX test cases: adopt the DL LTE LBT modelling approach as baseline
· FFS: The probability value, P, considered for the transmission of SSBs in different candidate positions
· FFS: how to treat the different UE behaviors in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case-by-case approach).



We think Option 1 could serve as a simple and effective model for DL LBT failures in LBE mode of operation.
Proposal 1. Support Option 1 as the baseline DL LBT model for LBE test cases:
· RAN4 to adopt the following DL LBT model: 
· Define a probability equal to P1 for the transmission of the DRS in the first candidate position. 
· In case of LBT 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.

[bookmark: _Hlk61558848]As for probabilities P1 and P2, it would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures.
Observation 1. It would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures
Proposal 2.  RAN4 to define P1 and P2 such that the overall LBT failure rate is reflected to be lower than LTE-LAA 

[bookmark: _Hlk61559424]Since there is no practical difference between LTE-LAA and first candidate position of NR-U, it would be safe to assume that the LBT failure rate for first candidate is same as that for LTE-LAA and hence P1 can be specified as 0.75.
Observation 2. It would be safe to assume that the LBT failure rate for first candidate is same as that for LTE-LAA.
Proposal 3.  RAN4 to define P1 = 0.75 (same as that defined for LTE-LAA)
[bookmark: _Hlk61559919]Furthermore, if DL LBT is unsuccessful for the first candidate position, the channel can be assumed to be busy for the second candidate position with a significantly high probability. So, to model this behavior close to reality, it would be safe to assume that P2 <P1.
Observation 3. If DL LBT is unsuccessful for the first candidate position, the channel can be assumed to be busy for the second candidate position with a significantly high probability. 
Proposal 4. Suggest RAN4 to define P2 < P1.

Based on the above-mentioned observations and assumptions, the following candidate options were analyzed: 
	P1
	P2
	P = P1+(1-P1)*P2
	Comment

	0.75
	0.75
	0.9375
	1) Highlights the superior performance of NR-U
2) Significantly increased test time 
3) P2=P1 may not be the right assumption

	0.75
	0.5
	0.875
	1) Highlights the superior performance of NR-U 
2) Not a significant increase in test time 
3) P2<P1 and P2=0.5 may be close to reality

	0.75
	0.25
	0.8125
	1) Highlights the superior performance of NR-U 
2) Not a significant increase in test time 
3) P2<P1 and P2=0.5 may be close to reality

	0.6
	0.4
	0.76
	1) Does not highlight the superior performance of NR-U 
2) Test time similar to LTE 
3) P2<P1 may be the right assumption

	0.5
	0.5
	0.75
	1) Does not highlight the superior performance of NR-U 
2) Test time same as LTE 
3) P2=P1=0.5 may not the right assumption



Observation 4. With P1 defined as 0.75, P2 = 0.5 and P2 =0.25 appears to be two good candidates satisfying all the identified criteria:
· Reflects the superior performance of NR-U as compared to LTE-LAA
· Does not increase the test time by a significant amount
· More realistic model with P2<P1 (P2=0.25 may be a little pessimistic) 

We think P2 = 0.5 could be good choice as it gives a good overall transmission probability, P = P1 + (1-P1)*P2 = 0.875, highlighting the capability of NR-U to have lower LBT failure rate as compared to LTE-LAA without having a significant impact on test time.
Proposal 5. Suggest RAN4 to define P2 = 0.5

DL LBT model for FBE
The following DL LBT models for FBE channel access mode were discussed during the last meeting:
· Option 1: DL LBT model, in FBE non-DRX test cases: RAN4 to define a DL LBT model that considers a probability of P for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests.
· FFS: The probability value, P, for the transmission of SSBs
· FFS: how to treat the different UE behaviors in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case-by-case approach).

· Option 2:  DL LBT model, in FBE non-DRX test cases: adopt the DL LTE LBT modelling approach as baseline, considering the fact that there is only 1 candidate position
· FFS: The probability value, P, for the transmission of SSBs
· FFS: how to treat the different UE behaviors in the test cases, depending on whether Lmax values are exceeded (this might need to be discussed on a case-by-case approach).



We think Option 1 could serve as a simple and effective model for DL LBT failures in FBE mode of operation. The DL LTE LBT model may not be directly adopted for this purpose as it defines uncertainty in the transmission timing of the DRS which is not applicable for FBE channel access in NR-U where DRS may be transmitted only at a fixed time i.e., at the frame boundary.
Proposal 6. Support Option 1 as the baseline DL LBT model for FBE non-DRX test cases:
· RAN4 to define a DL LBT model that considers a probability of P for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests.

As for probability value P, similar to the case of LBE, it would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures. Furthermore, we would like to mention that FBE mode (semi-static channel access) is supported in NR-U for better QoS (for URLLC traffic) in IIot use cases in unlicensed band. FBE is used when the operator can guarantee a controlled environment (no WiFi neighbors). Hence, in FBE mode, the rate of LBT failure is extremely small.
Observation 5. Similar to LBE case, it would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures.
Observation 6. FBE is used when the operator can guarantee a controlled environment (no WiFi neighbors), implying that the rate of LBT failure is extremely small in FBE mode.

Proposal 7.  Suggest that RAN4 defines SSB transmission probability in FBE to be higher than SSB transmission probability in LBE
· P(FBE) > P(LBE) = P1 + (1-P1)*P2

Observation 7. Although the above proposal indicates a higher test time for FBE based test cases, it would be nice to reflect the benefits and use cases of FBE based channel access for IIot use-cases.

Proposal 8. Suggest RAN4 to define P(FBE) = 0.95

UL LBT model
It was decided in RAN4#97e to define a methodology to test UL LBT failures in RRM test cases. In this section, we discuss a simple model to test UL LBT failure.
Observation 8. For RRM purposes, the UL transmission occasions are always scheduled/configured for a UE and hence can be blocked by the test equipment, for test purposes, by transmitting a OCNG noise signal in the UL resource.

Observation 9. Since the test equipment may not transmit and monitor the UL resource at the same time, it can monitor the next UL resource where it doesn’t transmit the OCNG signal.

Proposal 9.  Suggest RAN4 to adopt a baseline UL LBT model as:
· Use DL FBE model to transmit a full band/LBT BW OCNG noise pattern 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 LBT 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 

[bookmark: _Hlk61595022]One particular issue with this methodology arises during Random Access, where the UE may have wrongly calculated the UL transmission power for Msg1/Msg A and the decoding fails at the test equipment leading to an ambiguity. The test equipment might consider this as an UL LBT failure in this case and fail the test case. However, one way to circumvent this issue is by configuring the preambleReceivedTargetPower for msg1 and msgA-PreambleReceivedTargetPower for msg A to the highest value.
Observation 10. During random access, the uncertainty in the UE calculated UL transmission power may cause decoding failure at the test equipment leading to falsely assuming an UL LBT failure and failing the test case.
Proposal 10. Test equipment to configure preambleReceivedTargetPower for msg1 and msgA-PreambleReceivedTargetPower for msgA to the highest value for UL LBT test cases.
UL LBT tests
During RAN4#97e it was discussed whether to test UL LBT failures in all the requirements or choose one typical test case to test this functionality [1]:
FFS: Should RAN4 choose one typical test case to check this functionality?
· Option 1: Yes, RAN4 can choose one typical test case to check this functionality.
· Option 2: No, the UL LBT functionality should be tested in all requirements that depend on UL LBT failures.
· Option 3: Companies are encouraged to bring a list of requirements that would be impacted by UL LBT failures, so that the group can decide how to test this functionality.


We think it is a good idea to minimize the test cases by avoiding test the same requirement across different features. 
Observation 11. It is a good idea to choose one typical test tase to test the same requirement, e.g., delay in acquiring PRACH resource across multiple RRM features.



Below we list the features which are impacted by UL LBT failures and along with the corresponding requirement
Observation 12. List of features impacted with UL LBT failure
· [bookmark: _Hlk61598234]Handover to target cell using CCA 
· Delay in acquiring PRACH resource
· RRC re-establishment using CCA
· Delay in acquiring PRACH resource
· Random access
· Delay in acquiring PRACH resource
· RRC connection release with re-direction
· Delay in acquiring PRACH resource
· BWP switch delay on consistent UL LBT recovery
· Additional delay in acquiring PRACH resource as in Handover
· SCell activation 
· Additional delay in transmission of CSI reporting due to CCA failure
· Event triggered measurement reporting delay
· Additional delay due to UL LBT failure not defined
· FFS: Assume it similar to above-mentioned SCell activation case
· MAC CE based TCI state switch delay 
· Delay in sending HARQ feedback transmissions

Based on the above observation, we may choose one typical case to test – Additional delay in acquiring the PRACH resource and separate test cases may be defined for other requirements.
Proposal 11. RAN4 to define one typical test case to test – Additional delay in acquiring PRACH resource due to UL LBT failures for the following requirements:
· Handover to target cell using CCA 
· RRC re-establishment using CCA
· FFS: Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 12a. (With no particular reason but as a matter of choice) Suggest RAN4 to test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirement: 
· Handover to target cell using CCA 

Proposal 12b. (Based on Proposal 3a) Suggest RAN4 to not test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirements: 
· RRC re-establishment using CCA
· FFS: Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 13. RAN4 to discuss whether to include UL LBT failures for the following cases: 
· SCell activation 
· Additional delay in transmission of CSI reporting due to CCA failure
· Event triggered measurement reporting delay
· Additional delay due to UL LBT failure not defined
· FFS: Assume it similar to above-mentioned SCell activation case
· MAC CE based TCI state switch delay 
· Delay in sending HARQ feedback transmissions
Exceeding maximum allowed LBT failures
During RAN4#97e it was discussed whether to design test cases with exceeding number of maximum allowed LBT failures in RRM test cases. In this section, we provide our views on this topic.
The LBT failures are based on a probabilistic model and it might take a very long time to hit the maximum allowed (mostly consecutive) LBT failures leading to a significant impact on test time. Most of the requirements define one of the following behaviors w.r.t. LBT failures:
· Restart the procedure, e.g. measurements
· Abandon the procedure, e.g. SCell activation
· Controlled by timer, e.g. Handover

Observation 13. LBT failures are based on one of the probabilistic models
Observation 14. Most of the Lmax values are defined for consecutive LBT failures
Observation 15. There is significant impact on the test-time if Lmax values are to be considered in the test cases.
Observation 16. Most of the requirements fall into one of the following category w.r.t LBT failures and have little to no value in getting tested
· Restart the procedure, e.g. measurements
· Abandon the procedure, e.g. SCell activation
· Controlled by timer, e.g. Handover

Observation 17. NR-U has a long list of test cases to be covered, unnecessary test cases or test cases with little value should be avoided.
There is no strong reason to overburden NR-U with test-cases having very little to no value. Hence, we believe that exceeding the max allowed LBT failures should be allowed in designing the test cases.
Proposal 14: RAN4 to avoid designing test cases with exceeding max allowed LBT failures for NR-U.
Differentiation of FBE and LBE test cases
[bookmark: _Hlk61601567]We would like to highlight that FBE and LBE mode of operations are both optional UE capabilities and UE can signal capability to support either FBE or LBE or both. Hence, separate test cases must be defined for LBE and FBE whenever an LBT failure dependent requirement is tested. However, it is sufficient to test only LBE cases when the UE signals the capability to support both FBE and LBE.
Observation 18. FBE and LBE mode of operations are both optional UE capabilities and UE can signal capability to support either FBE or LBE or both LBE and FBE.
Observation 19: Separate models are defined for FBE and LBE channel access in NR-U
Proposal 15: RAN4 to define separate test cases for LBE and FBE whenever an LBT failure dependent requirement is tested.
Proposal 16a: Only FBE based test cases apply to a UE that signals FBE only capability.
Proposal 16b: Only LBE based test cases apply to a UE that signals LBE only capability.
Proposal 16c: A UE that signals both FBE and LBE capability need to test only LBE test cases


Conclusions
DL LBT model for LBE

Proposal 1. Support Option 1 as the baseline DL LBT model for LBE test cases:
· RAN4 to adopt the following DL LBT model: 
· Define a probability equal to P1 for the transmission of the DRS in the first candidate position. 
· In case of LBT 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.

Observation 1. It would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures
Proposal 2.  RAN4 to define P1 and P2 such that the overall LBT failure rate is reflected to be lower than LTE-LAA
Observation 2. It would be safe to assume that the LBT failure rate for first candidate is same as that for LTE-LAA.
Proposal 3.  RAN4 to define P1 = 0.75 (same as that defined for LTE-LAA)
Observation 3. If DL LBT is unsuccessful for the first candidate position, the channel can be assumed to be busy for the second candidate position with a significantly high probability. 
Proposal 4. Suggest RAN4 to define P2 < P1.
Observation 4. With P1 defined as 0.75, P2 = 0.5 and P2 =0.25 appears to be two good candidates satisfying all the identified criteria:
· Reflects the superior performance of NR-U as compared to LTE-LAA
· Does not increase the test time by a significant amount
· More realistic model with P2<P1 (P2=0.25 may be a little pessimistic) 

Proposal 5. Suggest RAN4 to define P2 = 0.5

DL LBT model for FBE

Proposal 6. Support Option 1 as the baseline DL LBT model for FBE non-DRX test cases:
· RAN4 to define a DL LBT model that considers a probability of P for the transmission of each DRS. Only the first SSB candidate position for a given SSB index shall be considered in these tests.
Observation 5. Similar to LBE case, it would be nice to reflect the superior performance of NR-U as compared to LTE-LAA in handling the LBT failures.
Observation 6. FBE is used when the operator can guarantee a controlled environment (no WiFi neighbors), implying that the rate of LBT failure is extremely small in FBE mode.

Proposal 7.  Suggest that RAN4 defines SSB transmission probability in FBE to be higher than SSB transmission probability in LBE
· P(FBE) > P(LBE) = P1 + (1-P1)*P2

Observation 7. Although the above proposal indicates a higher test time for FBE based test cases, it would be nice to reflect the benefits and use cases of FBE based channel access for IIot use-cases.

Proposal 8. Suggest RAN4 to define P(FBE) = 0.95

UL LBT model

Observation 8. For RRM purposes, the UL transmission occasions are always scheduled/configured for a UE and hence can be blocked by the test equipment, for test purposes, by transmitting a OCNG noise signal in the UL resource.

Observation 9. Since the test equipment may not transmit and monitor the UL resource at the same time, it can monitor the next UL resource where it doesn’t transmit the OCNG signal.

Proposal 9.  Suggest RAN4 to adopt a baseline UL LBT model as:
· Use DL FBE model to transmit a full band/LBT BW OCNG noise pattern 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 LBT 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 

Observation 10. During random access, the uncertainty in the UE calculated UL transmission power may cause decoding failure at the test equipment leading to falsely assuming an UL LBT failure and failing the test case.
Proposal 10. Test equipment to configure preambleReceivedTargetPower for msg1 and msgA-PreambleReceivedTargetPower for msgA to the highest value for UL LBT test cases.
UL LBT tests

Observation 11. It is a good idea to choose one typical test tase to test the same requirement, e.g., delay in acquiring PRACH resource across multiple RRM features.
Observation 12. List of features impacted with UL LBT failure
· Handover to target cell using CCA 
· Delay in acquiring PRACH resource
· RRC re-establishment using CCA
· Delay in acquiring PRACH resource
· Random access
· Delay in acquiring PRACH resource
· RRC connection release with re-direction
· Delay in acquiring PRACH resource
· BWP switch delay on consistent UL LBT recovery
· Additional delay in acquiring PRACH resource as in Handover
· SCell activation 
· Additional delay in transmission of CSI reporting due to CCA failure
· Event triggered measurement reporting delay
· Additional delay due to UL LBT failure not defined
· FFS: Assume it similar to above-mentioned SCell activation case
· MAC CE based TCI state switch delay 
· Delay in sending HARQ feedback transmissions
Proposal 11. RAN4 to define one typical test case to test – Additional delay in acquiring PRACH resource due to UL LBT failures for the following requirements:
· Handover to target cell using CCA 
· RRC re-establishment using CCA
· FFS: Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 12a. (With no particular reason but as a matter of choice) Suggest RAN4 to test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirement: 
· Handover to target cell using CCA 

Proposal 12b. (Based on Proposal 3a) Suggest RAN4 to not test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirements: 
· RRC re-establishment using CCA
· FFS: Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 13. RAN4 to discuss whether to include UL LBT failures for the following cases: 
· SCell activation 
· Additional delay in transmission of CSI reporting due to CCA failure
· Event triggered measurement reporting delay
· Additional delay due to UL LBT failure not defined
· FFS: Assume it similar to above-mentioned SCell activation case
· MAC CE based TCI state switch delay 
· Delay in sending HARQ feedback transmissions


Exceeding maximum allowed LBT failures

Observation 13. LBT failures are based on one of the probabilistic models
Observation 14. Most of the Lmax values are defined for consecutive LBT failures
Observation 15. There is significant impact on the test-time if Lmax values are to be considered in the test cases.
Observation 16. Most of the requirements fall into one of the following category w.r.t LBT failures and have little to no value in getting tested
· Restart the procedure, e.g. measurements
· Abandon the procedure, e.g. SCell activation
· Controlled by timer, e.g. Handover

Observation 17. NR-U has a long list of test cases to be covered, unnecessary test cases or test cases with little value should be avoided.
Proposal 14: RAN4 to avoid designing test cases with exceeding max allowed LBT failures for NR-U.

Differentiation of FBE and LBE test cases

Observation 18. FBE and LBE mode of operations are both optional UE capabilities and UE can signal capability to support either FBE or LBE or both LBE and FBE.
Observation 19: Separate models are defined for FBE and LBE channel access in NR-U
Proposal 15: RAN4 to define separate test cases for LBE and FBE whenever an LBT failure dependent requirement is tested.
Proposal 16a: Only FBE based test cases apply to a UE that signals FBE only capability.
Proposal 16b: Only LBE based test cases apply to a UE that signals LBE only capability.
Proposal 16c: A UE that signals both FBE and LBE capability need to test only LBE test cases
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