[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG4 Meeting#100-e	 R4-2113227
E-meeting, 16th –27th August 2021

Source:	Nokia, Nokia Shanghai Bell 
Title:	On remaining details of CCA model for NR-U RRM tests
Agenda item:	6.1.1.6.3.1
Document for:	Discussion
Introduction
This paper discusses the remaining details of the CCA model for the NR-U performance requirements. 

Discussion 
 
In the previous meetings we reached an agreement on the existing CCA models applicability to both DRX and non-DRX test cases, as in the agreement below [2]:
	DRX CCA model
· The existing DL CCA model in non-DRX shall also apply when DRX is used.
· Regardless of whether DRX is used or not, prior to each DBT window, the test equipment shall determine whether the CCA attempt is successful.




Additionally, it was also agreed to limit the number of LBT failures in order to avoid reaching Lmax in RRM tests as [5]
	How to avoid exceeding Lmax in RRM tests (Issue 2-3-4)
· Test environment should not have test runs that are rendered useless due to exceeded LBT failures
· Test equipment should make sure that Lmax is not exceeded during a test by monitoring the number of CCA failures and preventing additional CCA failures from happening after Lmax is reached.



This agreement was implemented in the clause A.3.26 of the 38.133 [6] by using (for either DL or UL direction) the variables LCCA for the maximum number of CCA failures during a window of duration WCCA. The configuration of LCCA and WCCA can be in general done using the Lmax of the RRM core requirements with its corresponding evaluation period of Lmax. This approach has no problems without DRX, but with DRX configured, the evaluation window duration WCCA has to be very large, which would result in an artificial reduction on the probability of CCA failures in the CCA model. When using that model, the total number of occasions within WCCA is WCCA / TSMTC, resulting in a practical probability of CCA success limited by:

where TSMTC is the SMTC period, and  is the resulting CCA success probability when configuring PCCA, LCCA, and WCCA. This means that if LCCA is too small or WCCA is too large the resulting CCA probability Psuccess would be higher than PCCA and bias the model and nearly no CCA failures would be observed in the test run. 
One example is shown in Table 9.3A.4-1 of 38.133 which relates to the inter-frequency measurement procedures test case as below: 
	Table 9.3A.4-1: Time period for PSS/SSS detection
	Condition NOTE1,2,3,4
	TPSS/SSS_sync_inter_cca

	No DRX
	 max(600ms, (8+LPSS/SSS,gaps) x max(MGRP, SMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(600ms, ceil((8+LPSS/SSS,gaps)x1.5) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms 
	(8+LPSS/SSS,gaps) x DRX cycle x CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	LPSS/SSS,gaps,max is the number of SMTC occasions not available at the UE during TPSS/SSS_sync_inter_cca, for PSS/SSS detection, where LPSS/SSS,gaps ≤ LPSS/SSS,gaps,max. [When configured with DRX, the UE is not required to determine the availability of SMTC occasions more frequent than once per DRX cycle. When configured with measurement gaps, the UE is not required to determine the availability of SMTC occasions more frequent than once during MGRP. FFS: The UE is not required to determine the availability of SMTC occasions more frequent than what is required by CSSFinter.]
NOTE 4:	LPSS/SSS,gaps,max = 12 for max(DRX cycle, SMTC period, MGRP) ≤ 40 ms LPSS/SSS,gaps,max = 8 for 40 ms < max(DRX cycle, SMTC period, MGRP) ≤ 320 ms, and LPSS/SSS,gaps,max = 5 for DRX cycle > 320 ms.






[bookmark: _Hlk79079125]In that case, for the test cases without SSB index detection, it would be desirable to use LCCA_DL = LPSS/SSS,gaps,max and WCCA_DL= TPSS/SSS_sync_inter_cca  for out of sync test cases and WCCA_DL= TPSS/SSS_sync_inter_cca.  In one example, if DRX is not configured, SMTC period is 20 ms, and MGRP=40ms results in LPSS/SSS,gaps,max = 12 and TPSS/SSS_sync_inter_cca < 800ms. If the same is applied with DRX cycle = 640 ms, the resulting values are LPSS/SSS,gaps,max = 5 and TPSS/SSS_sync_inter_cca < 8320 ms.
In the case without DRX described above, if we consider a maximum window of 800 ms containing maximum of LPSS/SSS,gaps,max = 12, the resulting CCA success probability is Psuccess = 70%, which is on the range of the agreed CCA probabilities agreed in the previous meetings, i.e. PCCA_DL = 93.75% for semi-static and PCCA_DL1= PCCA_DL2 = 75% for dynamic channel access. 
In the case with DRX, if we use this large value for WCCA_DL= TPSS/SSS_sync_inter_cca < 8320 ms, the resulting CCA success probability is Psuccess = 98.8 %, which is much larger than the agreed value for semi-static channel access PCCA = 93.75%. In other test cases the LCCA_DL would be even smaller, e.g. when SSB index detection is used. In this case we need to set LCCA_DL = Lind,gaps,max=2, and the resulting CCA success probability is Psuccess = 99.51%. In addition to the increased CCA success rate with large WCCA and small LCCA, the tendency is that this results in a concentration of the CCA failures at the beginning of the evaluation period WCCA.  
Configuring the CCA model with a large WCCA and small LCCA results in a decrease on the minimum achievable CCA success probability, and may reduce CCA failures significantly
In many TCs with DRX, the large values required WCCA would force the CCA model to reduce the CCA failures, and the change for failures during DRX active periods would be significantly reduced. 
As a solution to that problem, we propose that for test cases where DRX is configured, the test equipment only consider the CCA failures within the DRX active period of the UE to evaluate LCCA. If this is done, if we consider a drx-onDurationTimer that covers only 1 SMTC occasion, the total number of SMTC occasions on the DRX active periods within WCCA is WCCA / drxCycle, and

When we consider the inter-frequency measurement procedure example above, the resulting CCA success probability is decreased for FBE from 98.8% to PCCA = 93.75%, since , which corresponds to the agreed CCA success probabilities for FBE.
The CCA model should only consider CCA failures within DRX active period when evaluating LCCA.
A companion Draft CR was submitted to this meeting covering the proposed model change. 
Conclusion
This paper has analyzed CCA model configuration when DRX is used. As part of this discussion, the following observations and proposals were derived: 
1. Configuring the CCA model with a large WCCA and small LCCA results in a decrease on the minimum achievable CCA success probability, and may reduce CCA failures significantly
In many TCs with DRX, the large values required WCCA would force the CCA model to reduce the CCA failures, and the change for failures during DRX active periods would be significantly reduced. 
1. The CCA model should only consider CCA failures within DRX active period when evaluating LCCA.
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