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Introduction
The discussion on CCA model specification in NR-U began during RAN4#97-e and were further discussed in RAN4#98-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].
CCA models in RRM tests
CCA models were discussed in detail during RAN4#98e where a general model for DL CCA was introduced and few options for UL CCA models were identified. In this section, we further discuss the CCA models for DL and UL and provide our views on the topic.
DL CCA model
The following probabilistic DL CCA models were agreed in the last meeting. It was also agreed to have a default probability of transmission that would apply to most of the test cases, but the actual values were left as FFS.
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
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
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.



For DL LBE CCA model, we think P1=0.75, P2 = 0.5 could be good choice as it gives a good overall transmission probability, P = P1 + (1-P1)*P2 = 0.875, without having a significant impact on test time. 
Observation 1. For DL LBE CCA model, P1=0.75, P2 = 0.5 would be good choice as it gives a good overall transmission probability, P = P1 + (1-P1)*P2 = 0.875, without having a significant impact on test time.

Proposal 1. Suggest RAN4 to define P1 = 0.75, P2 = 0.5 for DL LBE CCA model

For DL FBE model 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 2. 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 2.  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

Proposal 3. Suggest RAN4 to define P(FBE) = 0.95
UL CCA model
It was decided in RAN4#97e to define a methodology to test UL LBT failures in RRM test cases and the following options were discussed during RAN4#98e.
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:
· Generate a uniform random variable p from the range [0, 1].
· 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.





















Taking all the above options into consideration and with further details, we propose the following UL CCA model:

Proposal 4.  Suggest RAN4 to adopt a baseline UL CCA model as below:
· TCCA ms  prior to each UL transmission burst in the test:
· The test equipment (TE) generates a uniform random variable p from the range [0, 1].
· If p<PCCA_UL, the TE transmits a OCNG noise pattern with a high [TBD] energy within the UE BW scheduled/configured for the UL transmission for at-least TCCA ms. 
· TCCA is the channel sensing period depending on LBT category being used by the UE
· 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%
· The TE keeps a count of the number of UL CCA failures it causes.
· The TE monitors the UL resource for the desired UL signal.
· Based on when and/or whether the TE receives the desired UL signal, it deems the test case to pass/fail


[bookmark: _Hlk61595022]One 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 3. 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 5. Test equipment to configure preambleReceivedTargetPower for msg1 and msgA-PreambleReceivedTargetPower for msgA to the highest value for UL LBT test cases.
Test cases with UL CCA failures
During RAN4#98e it was discussed whether to test UL LBT failures in all the requirements or choose one typical test case 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 4. 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 5. 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 6. 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
· Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 7a. Suggest RAN4 to test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirement: 
· Random access to a target cell using CCA 

Proposal 7b. (Based on Proposal 7a) Suggest RAN4 to not test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirements: 
· Handover to target cell using CCA 
· RRC re-establishment using CCA
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 8. 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
Conclusions
DL CCA model

Observation 1. For DL LBE CCA model, P1=0.75, P2 = 0.5 would be good choice as it gives a good overall transmission probability, P = P1 + (1-P1)*P2 = 0.875, without having a significant impact on test time.

Proposal 1. Suggest RAN4 to define P1 = 0.75, P2 = 0.5 for DL LBE CCA model

Observation 2. 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 2.  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

Proposal 3. Suggest RAN4 to define P(FBE) = 0.95

UL CCA model

Proposal 4.  Suggest RAN4 to adopt a baseline UL CCA model as below:
· TCCA ms  prior to each UL transmission burst in the test:
· The test equipment (TE) generates a uniform random variable p from the range [0, 1].
· If p<PCCA_UL, the TE transmits a OCNG noise pattern with a high [TBD] energy within the UE BW scheduled/configured for the UL transmission for at-least TCCA ms. 
· TCCA is the channel sensing period depending on LBT category being used by the UE
· 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%
· The TE keeps a count of the number of UL CCA failures it causes.
· The TE monitors the UL resource for the desired UL signal.
· Based on when and/or whether the TE receives the desired UL signal, it deems the test case to pass/fail

Observation 3. 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 5. 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 4. 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 5. 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 6. 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
· Random access
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 7a. Suggest RAN4 to test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirement: 
· Random access to a target cell using CCA 

Proposal 7b. (Based on Proposal 7a) Suggest RAN4 to not test – Additional delay in acquiring PRACH resource due to UL LBT failures in the following requirements: 
· Handover to target cell using CCA 
· RRC re-establishment using CCA
· RRC connection release with re-direction
· BWP switch delay on consistent UL LBT recovery

Proposal 8. 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

References
 [1] R4-2104088, "WF on CCA models for NR-U RRM Performance Requirements," Qualcomm, RAN4#98e Jan-Feb. 2021.


8

4


 


 


1


 


3GPP TSG


-


RAN WG4 Meeting #


9


8


-


bis


-


e


 


R4


-


2


107361


 


Online,


 


12


–


 


20


 


April


, 


202


1


 


 


 


Agenda item:


 


5


.


1.


3


.


3.


1


 


Source: 


 


Qualcomm Incorporated


 


T


itle:


 


 


CCA models


 


in NR


-


U


 


Document for:


 


Discussion


 


1.


 


Introduction


 


The discussion on 


CCA model speci


fication


 


in NR


-


U began during RAN4#97


-


e


 


and were further discussed in 


RAN4


#98


-


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]


.


 


2.


 


CCA


 


model


s


 


in RRM tests


 


CCA


 


models were discussed


 


in detail


 


during RAN4#9


8


e


 


where


 


a general model for DL 


CCA


 


was introduced


 


and few 


options for 


UL CCA models were 


identified


. In this section, we 


further 


discuss the 


CCA


 


models for DL and UL and 


provide our 


views on 


the topic.


 


2.1.


D


L 


CCA


 


model


 


The following 


probabilistic 


DL 


CCA


 


models 


were 


agreed 


in the last meeting


. It was also agreed to have a default 


probability 


of transmission that would apply to most of the test cases, but the actual values were left as 


FFS.


 


 


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


 


Definition of P1 and P2 in DL LBE model


 


Candidate options:


 


·


 


Decide for the default probability for most cases among Optio


ns 1 and 2:


 


·


 


Option 1: P1=0.75, P2=0.5


 


·


 


Option 2: P1 = P2 = 0.75


 


·


 


Other options are not precluded


 


Definition of P


 


in DL 


F


BE 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.


 


 




   

1 

3GPP TSG - RAN WG4 Meeting # 9 8 - bis - e   R4 - 2 107361   Online,   12 –   20   April ,  202 1       Agenda item:   5 . 1. 3 . 3. 1   Source:    Qualcomm Incorporated   T itle:     CCA models   in NR - U   Document for:   Discussion   1.   Introduction   The discussion on  CCA model speci fication   in NR - U began during RAN4#97 - e   and were further discussed in  RAN4 #98 - 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] .   2.   CCA   model s   in RRM tests   CCA   models were discussed   in detail   during RAN4#9 8 e   where   a general model for DL  CCA   was introduced   and few  options for  UL CCA models were  identified . In this section, we  further  discuss the  CCA   models for DL and UL and  provide our  views on  the topic.   2.1. D L  CCA   model   The following  probabilistic  DL  CCA   models  were  agreed  in the last meeting . It was also agreed to have a default  probability  of transmission that would apply to most of the test cases, but the actual values were left as  FFS.    

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   Definition of P1 and P2 in DL LBE model   Candidate options:      Decide for the default probability for most cases among Optio ns 1 and 2:      Option 1: P1=0.75, P2=0.5      Option 2: P1 = P2 = 0.75      Other options are not precluded   Definition of P   in DL  F BE 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.    

