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[bookmark: _Toc116995841]Introduction
In RAN4 #104-bis-e, RAN4 discussed the DL LBT model in FR2-2. The following options were captured in the way forward as a tentative agreement [1]: 
	Sub-topic 1-2: CCA aspects
Tentative agreement: For DL CCA model in FR2-2 test cases:
· TE picks one SSB occasion out of a group of each 12 consecutive SSB/SMTC occasions
· For this SSB, TE determines with probability PCCA_DL whether to transmit this SSB or not. Note that other 11 SSBs shall be transmitted by the gNB
· If the TE decides not to transmit the SSB, one SSB index should be selected based on a fixed pattern that is not transmitted in this SSB
· If this happens the whole SSB occasion group is considered as unavailable to the UE




In this document, the DL CCA model in FR2-2 is discussed.
[bookmark: _Toc116995842]Discussion
[bookmark: _Toc116981541][bookmark: _Toc116982824][bookmark: _Toc116982859][bookmark: _Toc116982882][bookmark: _Toc116994710][bookmark: _Toc116994823][bookmark: _Toc116994895][bookmark: _Toc116994909][bookmark: _Toc116995098][bookmark: _Toc116995141][bookmark: _Toc116995897][bookmark: _Toc116995923][bookmark: _Toc116995943][bookmark: _Toc116996063][bookmark: _Toc116996084][bookmark: _Toc116996089][bookmark: _Toc116996131][bookmark: _Toc116996431][bookmark: _Toc116996752][bookmark: _Toc116997065]Operation in unlicensed bands with CCA was introduced by 3GPP in Rel-16 NR-U. In order to be robust to LBT failure when sending SS/PBCH block (SSB) in NR-U, RAN1 has agreed Rel-16 that there are multiple opportunities for sending the SSB, within a Discovery Reference Signal (DRS) Transmission window. Within this Tx window, SSBs can be cycled to maximize the probability of sending the SSBs even under LBT failures. These opportunities are known as SSB candidate positions, and this concept is also part of the design of operation with CCA in FR2-2.
In Rel-16, RAN4 captured the different candidate positions in TS 38.133 in clause 9.2A as: 
	In the requirements of clause 9.2A, the term SMTC occasion not available at the UE refers to when the SMTC contains SSBs configured by gNB in a cell on a carrier frequency subject to CCA, but NSSB candidate SSB positions for the same SSB index within the discovery burst transmission window are not available at the UE due to DL CCA failures at gNB during the corresponding period, where:
-	For the cell detection procedure: NSSB is at least one candidate SSB position (NOTE: the one candidate SSB position for the cell detection shall not be impacted by the set of candidate SSB positions which are already being measured by the UE within the current measurement period of the on-going measurements), and
-	For other procedures in clause 9.2A: NSSB are the first two successive candidate SSB positions when two or more candidate SSB positions are configured for this SSB index in one discovery burst transmission window, otherwise NSSB is one candidate SSB position; 
otherwise the SMTC occasion is considered as available at the UE.




Therefore, for procedures other than cell detection, an SMTC occasion is not available at the UE if two successive candidate SSB positions for the same SSB index are subject to CCA failure.
[bookmark: _Toc118719696]An SMTC occasion is not available at the UE if two successive candidate SSB positions for the same SSB index within are not available at the UE.
In Figure 1, an example of SMTC occasions available and not available at the UE is presented, to illustrate the concepts of candidate positions and SMTC occasion. In each SMTC occasion, for simplicity, only 2 SSB indexes are considered. The numbers on top of the SSB index illustrate the candidate positions for each SSB. If the transmission of all SSB indexes is successful in the first candidate position, the gNB is not required to transmit the SSB in the second candidate position.



Figure 1 - Examples of SMTC occasions available and not available at the UE
Still in Figure 1, the first two SMTC occasions in the figure are available at the UE because either the first or the second candidate positions are available for all SSBs. The last two SMTC occasions in the figure are not available at the UE because CCA fails for the transmission of at least 1 SSB index in both candidate positions.
In FR2-2, this concept was extended to take into account the Rx beam sweeping at the UE. The following has been agreed [3]: 
	· Use “FR2-2” term for all CCA related requirements in the spec since currently there is no CCA operation in FR2-1
· The step of FR2-2 RRM requirements extension due to missed SMTC/SSB occasions is equal to N SMTC/SSB occasions, where N is RX beam sweeping scaling factor 
· The RRM requirements are extended by the number of SSB/SMTC occasions groups not available at UE. An SSB/SMTC occasions group consists of N consecutive SSB/SMTC occasions. An SSB/SMTC occasions group is not available, when at least one SSB/SMTC occasion in the group is not transmitted by the gNB. 
· The definition of SSB/SMTC occasion follows Rel-16 NR-U definition



[bookmark: _Toc118719697]In FR2-2, and SSB/SMTC occasion group consists of 12 consecutive SSB/SMTC occasions. An SSB/SMTC occasion group is not available at the UE when at least one SSB/SMTC occasion in the group is not transmitted by the gNB. The definition of SSB/SMTC occasion follows NR-U definition.



Figure 2 - Examples of SMTC occasion groups available or not available at the UE
Figure 2 illustrates the operation in FR2-2 and shows one example of SMTC occasion group available at the UE – when all 12 consecutive SMTC occasions are available at the UE, and three examples of SMTC occasion groups not available at the UE. It also shows the relationship between the CCA failure in different candidate positions, the SMTC occasions and SMTC occasion groups.
With these definitions in mind, it is important to revisit previous agreements in RAN4 regarding the CCA model. In RAN4 #104-e, it was agreed that [2]: 
	Agreement: For CCA model in test cases, an unavailable SSB/SMTC group can be modelled as that there is exactly one SSB not transmitted by TE in N consecutive SSB/SMTC occasions
· Shift SSB index in each N consecutive SSB/SMTC occasions rather than keeping one fixed SSB index
· FFS: Exact shifting pattern




The agreement in RAN4 #104 is not clear enough since it does not specify whether the “SSB not transmitted by TE in N consecutive SSB/SMTC occasions” refers to one SSB index or one SSB / SMTC occasion. Figure 3 illustrates the different interpretations, considering that only 1 SSB index is configured in the test case.
In the first interpretation, 1 SSB/SMTC occasion fails in N consecutive SSB/SMTC occasions. In this interpretation, 1 SMTC occasion is not transmitted, and 11 occasions are transmitted in the group. In the second interpretation, 1 SSB index fails in N consecutive SMTC occasions. Since the assumption is that only 1 SSB index is transmitted, in this situation, no SSB is transmitted in 12 consecutive SSB/SMTC occasions. This is similar to the LBT model used in Rel-16 for the requirements with DRX.


Figure 3 - Possible interpretations of previous agreements

In RAN4 #104-bis, there was an attempt to clarify the CCA model, and the following was captured as tentative agreement: 
	Sub-topic 1-2: CCA aspects
Tentative agreement: For DL CCA model in FR2-2 test cases:
· TE picks one SSB occasion out of a group of each 12 consecutive SSB/SMTC occasions
· For this SSB, TE determines with probability PCCA_DL whether to transmit this SSB or not. Note that other 11 SSBs shall be transmitted by the gNB
· If the TE decides not to transmit the SSB, one SSB index should be selected based on a fixed pattern that is not transmitted in this SSB
· If this happens the whole SSB occasion group is considered as unavailable to the UE




This tentative agreement follows the CCA model interpretation 1 in Figure 3, but it would still need some editing to be clearer. For example: 
· TE picks one SSB/SMTC occasion out of a group of each 12 consecutive SSB/SMTC occasions
· For this SSB/SMTC occasion, TE determines with probability PCCA_DL whether to transmit this SSB/SMTC occasion or not. Note that other 11 SSBs/SMTC occasions shall be transmitted by the gNB
· If the TE decides not to transmit the SSB/SMTC occasion, one SSB/SMTC occasion index in the SMTC occasion group should be selected based on a fixed pattern that is not transmitted in this SSB
· If this happens the whole SSB/SMTC occasion group is considered as unavailable to the UE

In our view, this tentative agreement has other issues. Firstly, it does not consider both candidate positions. Since it was agreed that the definition of an available SMTC occasion follows the Rel-16 definition, both candidate positions should be considered just as in the Rel-16 CCA model. Secondly, by defining that only one SSB/SMTC occasion is subject to CCA checking, the model automatically reduces the CCA failure observed at the UE, therefore, we should re-evaluate which values could be considered.
For each candidate position, the probability that CCA is successful in that candidate position is given by: 

In which p is the CCA success probability, and N is the number of candidate positions. So if p = 75%, as in NR-U, the probability that CCA is successful in either the first candidate position or the second is P(n=1) + P(n=2) = 93.75%. Therefore, for each SSB/SMTC occasion the probability that this occasion is available at the UE is 93.75%.
For an SSB/SMTC occasion group to be available at the UE, all 12 occasions in the group should be available. If the probability of the different SSB/SMTC occasions are available in a group are considered independent, considering the values of the example above, the probability that all occasions are available lead to (0.9375)12 which equals to 46.1%. 
As mentioned in our contribution in [4], the probability of CCA failure in FR2-2 is very small when compared to the probability of CCA failure in FR1. If instead a CCA success probability is selected as p = 90%, the probability that CCA is successful in either the 1st or the 2nd candidate position equals 99% for each SSB/SMTC occasion, and the probability that all SSB/ SMTC occasions are available in the group equals 88.64%. In this example, the probability that only 1 SSB/SMTC occasion fails in the group is approximately 10%, and 2 SSB/SMTC occasion failures in the group is close to 0.6%. 
[bookmark: _Toc118719698]In most of the cases, only 1 SSB/SMTC occasion will fail in a group of 12 consecutive SSB/SMTC occasions.
[bookmark: _Toc118719699]The probability that 12 consecutive SSB/SMTC occasions are transmitted is smaller than the probability of CCA success for the transmission of 1 SSB/SMTC occasion.
However, there is a difference between an CCA failure for the transmission of an SSB by the gNB and the failure observed at the UE. It is assumed that the UEs are continuously doing Rx beam sweeping. Therefore, there might be cases in which the CCA failures occur when the Rx beam is not aligned with the SSB transmission (case 1 in Figure 4), and cases in which the CCA failures occur when the Rx beam is aligned with the SSB transmission (case 2 in Figure 4). 
[image: ]
Figure 4 – DL CCA failures and Rx beam alignment

[bookmark: _Toc118719700]There is a difference between the DL CCA failure and the observed SSB/SMTC occasion failure at the UE due to the Rx beam sweeping. If only one failure occurs in a group in the DL CCA model, the probability that this DL CCA failure is observed by the UE is very small, because it would require that the failure occurs exactly when the Rx beam is aligned with the SSB.
Therefore, in order to balance these probabilities while still testing the UE behaviour under CCA failure, in our view there are two options: 
1) When a CCA failure occurs, all SMTC/SSB occasions in the group will fail. In this case, we ensure that the UE is observing the CCA failure.
2) When a CCA failure occurs, only one SMTC/SSB occasion in the group will fail. In this case, there is no guarantee that the UE will observe the CCA failure, therefore we propose that the percentage of test cases that should succeed is increased to 99%.
Taking these considerations into account, we propose the following model: 
[bookmark: _Toc118719701]DL LBT model is given by:
· [bookmark: _Toc118719702]TE generates a uniform random variable p from the range [0,1]. 
· [bookmark: _Toc118719703]If p  PCCA_DL, TE transmit 12 consecutive SSB/SMTC occasions.
· [bookmark: _Toc118719704]If p  PCCA_DL TE does not transmit one SSB/SMTC occasion out of 12 consecutive SSB/SMTC occasions, and this SSB/SMTC occasion group is considered unavailable.
· [bookmark: _Toc118719705]The failed SSB/SMTC occasion within the group is selected out randomly.
·  PCCA_DL is equal to 88%.
· [bookmark: _Toc118719706]The rate of correct tests observed during repeated tests shall be at least 99%.
[bookmark: _Toc116995848]Conclusion
In this contribution, the DL LBT model was discussed. In the paper, the following Observations and Proposals were made:
Observation 1: An SMTC occasion is not available at the UE if two successive candidate SSB positions for the same SSB index within are not available at the UE.
Observation 2: In FR2-2, and SSB/SMTC occasion group consists of 12 consecutive SSB/SMTC occasions. An SSB/SMTC occasion group is not available at the UE when at least one SSB/SMTC occasion in the group is not transmitted by the gNB. The definition of SSB/SMTC occasion follows NR-U definition.
Observation 3: In most of the cases, only 1 SSB/SMTC occasion will fail in a group of 12 consecutive SSB/SMTC occasions.
Observation 4: The probability that 12 consecutive SSB/SMTC occasions are transmitted is smaller than the probability of CCA success for the transmission of 1 SSB/SMTC occasion.
Observation 5: There is a difference between the DL CCA failure and the observed SSB/SMTC occasion failure at the UE due to the Rx beam sweeping. If only one failure occurs in a group in the DL CCA model, the probability that this DL CCA failure is observed by the UE is very small, because it would require that the failure occurs exactly when the Rx beam is aligned with the SSB.
Proposal 1: DL LBT model is given by:
	TE generates a uniform random variable p from the range [0,1].
	If p  PCCA_DL, TE transmit 12 consecutive SSB/SMTC occasions.
	If p  PCCA_DL TE does not transmit one SSB/SMTC occasion out of 12 consecutive SSB/SMTC occasions, and this SSB/SMTC occasion group is considered unavailable.
o	The failed SSB/SMTC occasion within the group is selected out randomly.
	The rate of correct tests observed during repeated tests shall be at least 99%.
[bookmark: _Toc116995849] 
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