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Introduction
In the way forward for NR-U RRM performance work the following tests were proposed for interruptions:
	Group of requirements
	Test cases
	 
	Requirements section
	Agreed
	Volunteer
	Phase I
	Phase II

	Interruptions
	Due to NR-U SCell addition/release, with:
	 
	8.2.1, 8.2.2
	 
	Ericsson
	 
	 

	
	·        NR PCC (FR1)
	 
	
	FFS
	
	
	

	
	·        NR-U PCC
	 
	
	FFS
	
	
	

	
	·        NR-U PSCC and E-UTRAN PCC (FDD,TDD)
	 
	
	FFS
	
	
	

	
	Due to NR-U SCell activation/deactivation, with:
	 
	8.2.1, 8.2.2
	 
	 
	 
	 

	
	·        NR PCC (FR1)
	 
	
	Yes
	
	
	

	
	·        NR-U PCC
	 
	
	Yes
	
	
	

	
	·        NR-U PSCC and E-UTRAN PCC (FDD,TDD)
	 
	
	Yes
	
	
	

	
	During measurements no deactivated NR-U SCell, with:
	 
	8.2.1, 8.2.2
	 
	 
	 
	 

	
	·        NR PCC (FR1)
	 
	
	FFS
	
	
	

	
	·        NR-U PCC
	 
	
	FFS
	
	
	

	
	·        NR-U PSCC and E-UTRAN PCC (FDD,TDD)
	 
	
	FFS
	
	
	

	
	Due to inter-RAT SFTD measurements between:
	 
	TS 36.133
	 
	 
	 
	 

	
	·        NR-U PCell and E-UTRAN PCell (FDD,TDD)
	 
	
	Yes
	
	
	

	
	Due to NR-U PSCell addition/release, with:
	 
	TS 36.133
	Yes
	 
	 
	 



and the following test cases were proposed for SCell (de)activation:
	SCell activation/deactivation delay
	        NR PCC (FR1)
	known
	8.3A
	Yes
	 
	 
	 

	
	
	unknown
	
	Yes
	
	
	

	
	        NR-U PCC
	known
	
	Yes
	
	
	

	
	
	unknown
	
	Yes
	
	
	

	
	        NR-U PSCC and E-UTRAN PCC (FDD, TDD)
	known
	
	Yes
	
	
	

	
	
	unknown
	
	Yes
	
	
	




In this contribution we provide views on interruption testing (all aspect except interRAT SFTD measurements), and SCell (de)activation testing.  
Discussion
Interruption testing
Interruption core requirements are in section 8.2.1 and 8.2.2 and are generally the same as for NR cells without CCA. However, an important aspect is the number of interruptions and interruption time window, which is given in section 8.3A

	For intra-band CA, the starting point of an interruption window on SpCell or any activated SCell as specified in clause 8.2, shall not occur before slot n+1+   and not occur after slot n+1+ , where TX is:
-	TFirstSSB, for known SCell activation when SCell measurement cycle is equal to or smaller than 160ms; 
Activation
For inter-band CA, the starting point of an interruption window on SpCell or any activated SCell as specified in clause 8.2, shall not occur before slot n+1+   and not occur after slot n+1+ , where TX is:
-	TFirstSSB, for known SCell activation when SCell measurement cycle is equal to, or smaller than, 160ms.
For intra-band CA, while the SCell being activated is known with measurement cycle equal to or smaller than 160ms, no more than one interruption window is allowed during SCell activation, and while the SCell being activated is unknown or known with measurement cycle greater than 160ms, up to 1+L interruption windows are allowed during SCell activation, where L = L2,1 for known SCell and L = L3,1  for unknown SCell. For a single interruption (L=0), interruption window length at SCell activation does not depend on DL CCA failures.
For inter-band CA, no more than one interruption window is allowed during the SCell activation.
Editor’s Note: Whether to differentiate between the cases when there is or isn’t an already active Scell in the same band as the Scell being activated is FFS. 
The length of the interruption window may be different for different victim cells, and depends on the applicable scenario and on the frequency band relation between the aggressor cell and the victim cell. For a single interruption (L=0), the interruption window length at SCell activation does not depend on DL CCA failures. 
Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.
Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and until the UE has completed a first L1-RSRP measurement, the UE shall report lowest valid L1 SS-RSRP range if the UE has available uplink resources to report L1-RSRP for the SCell.
Deactivation
The interruption on SpCell or any activated SCell, as specified in clause 8.2, shall not occur before slot n+1+THARQ/NR_slot_length and not occur after slot n+1+(THARQ +3ms)/NR_slot_length.




For intraband CA and greater than 160ms deactivated Scell measurement cycle, there can be multiple interruption windows, whereas for interband CA a single interruption is allowed. In either case, it seems necessary to verify the requirement when there is LBT failure, either to verify that there is only a single interruption window, or to verify the number of interruption windows. For deactivation, a single interruption is assumed
Proposal 1 : During interruption tests, a deactivated Scell measurement cycle of 160ms is used 
Proposal 2 : LBT model is configured in interruption tests, with a channel access success probability P=[0.75]
The exact details of the LBT model still need to be decided in RAN4, but our initial view is that similar LBT modelling   To allow a generic testing approach, we have a slight preference to test with 160ms deactivated Scell measurement cycle so that the same basic testing procedure can be used for both intraband and interband CA.
There are 3 main scenarios to be tested 
•        NR PCC (FR1)
This corresponds to NR + NR-U carrier aggregation. To simplify the test scenario, we propose that there is a single NR-U Scell, making the interruption victim the NR PCell. The relevant section of 38.133 is A.9.1
•        NR-U PCC
This corresponds to NR-U SA operation. An NR-U PCell is hence needed, and is the victim of interruption. The Scell in this case will be intraband, but otherwise the configuration is is similar to the previous configuration. The relevant section of 38.133 is A.11.4.x
•        NR-U PSCC and E-UTRAN PCC (FDD,TDD)
This configuration corresponds to E-UTRA + NR-U dual connectivity (EN-DC). From an NR-U perspective the test can be similar to a test with NR-U PCC and intraband Scell, but with the addition of an LTE PCell. The victim cells of interruptions are both the NR-U PSCell and the LTE Pcell. The LTE PCell can be either FDD or TDD. The relevant section of 38.133 is A.10.3.x
The test case list calls for separate tests for each case for interruptions due to:
· NR-U SCell addition/release
· NR-U SCell activation/deactivation
· During measurements no deactivated NR-U SCell
 To minimize test count and duration, each of these aspects can be verified in a common testcase consisting of the following phases
Proposal 3 : The interruption requirements are verified in tests with the following phases
T1 : UE is configured with PCell and PScell if applicable, and measures/reports candidate Scell such that it will be known in T2 
T2 : Scell is added, interruption requirement verified
T3 : Scell is activated, interruption requirement verified
T4 : Scell is deactivated, interruption requirement verified
T5 : Deactivated Scell measurement interruption requirement is verified
T6 : Scell is released, interruption requirement verified
Based on these proposals we provide test case drafts. Other aspects of the test may need to be updated depending on the outcome of discussion on configuration aspects and common settings for NR-U test cases
SCell (de)activation testing
Measurement cycles for known SCells

It was agreed that the following cases are to be covered:
· NR PCC in FR1, with NR SCC under CCA
· NR PCC under CCA, with NR SCC under CCA 
· E-UTRAN PCC, NR PSCC under CCA, and NR SCC in FR1

It was further captured in the WF [1] that which measCycleSCell(s) that shall be used in testing is FFS: 
Issue 3-3-11: SCell Activation and Deactivation delay
RAN4 to specify the following test cases for NR PCC, NR-U PCC and E-UTRAN PCC, NR-U PSCC: 
1. SCell Activation and deactivation of known SCell in NR-U
FFS: the exact measurement cycle (or cycles).
2. SCell Activation and deactivation of unknown SCell in NR-U

It was agreed that SCell to-be-activated may be known or unknown to the UE. For known case, it was left FFS the measurement cycle(s) to consider. The SCell activation delay requirement for known SCells depends on the configured measCycleSCell in that if UE is configured with a measCycleSCell of 160ms, by which it shall activate the SCell (apart from CSI measurements and reporting) within Tactivation_time_withCCA =  TFirstSSB + L1*Trs + 5ms, or whether it is configured with a measCycleSCell that is longer than 160ms, by which it shall activate the SCell within Tactivation_time_withCCA = TFirstSSB_MAX + L2,1*TSMTC_MAX + (1 +L2,2)*Trs + 5ms. For NR FR1 we are having tests for measCycleSCell of both 160 and 320ms. We suggest to have the same for NR-U.

Proposal 4: 	Define test cases for SCell (de)activation of known SCell in NR-U for both measurement cycles 160 and 320ms.

Test cases for NR PCC in FR1 with SCC under CCA

NR PCC in FR1 and SCC under CCA means that it is inter-band CA scenario, which has implications for interruptions during the SCell activation. It can be assumed that PCC and SCC are received using different LNAs, hence interruptions will be short as they are related mainly to pull effects and disturbances on the power rail.

For CCA, it is enough to consider downlink CCA failures on the SCC, as the current requirement concerns activation of downlink SCell. The downlink CCA failures to consider are:
· L1 (failure to acquire SSB for timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 160ms
· L2,1 and L2,2 (failure to acquire SSB for gain setting and timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 320ms
· TSMTC_MAX same as Trs since it is an inter-band scenario.
· L3,1 and L3,2 (failure to acquire SSB for gain setting and cell detection) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of unknown SCell
· TFirst_MAX, TSMTC_MAX and Trs are the same since it is an inter-band scenario.

Proposal 5: 	Test cases for SCell (de)activation testing with NR PCC in FR1 with SCC under CCA are modeled with only DL CCA in SCell.

Test cases for NR PCC under CCA with SCC under CCA

For NR PCC under CCA with SCC under CCA the UE is operating in intra-band CA scenario, with implications for the interruptions during the SCell activation. It can be assumed that PCC and SCC are received using same LNA, hence when the SCell is known and the measCycleSCell is larger than 160ms or SCell is unknown, interruptions may extend over the whole SMTC window (SSB burst duration) due to gain search and there may additionally be multiple interruptions under some conditions.

For CCA, one need to consider uplink CCA failures in PCell and downlink CCA failures in SCell.

The CCA failures to consider on PCC are related to HARQ feedback from UE on received MAC (THARQ) and on providing uplink resources for CSI reporting in PCell for PCell and SCell. Both these are already covered by the definitions of THARQ and TCSI_Reporting_withCCA:
	
THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]. In the event of UE not being able to transmit the acknowledgment due to UL CCA failures: THARQ is extended to also include the time to all next HARQ feedback transmission and retransmission opportunities, until the time of its successful transmission, as specified in TS 38.213 [3]; no extension of THARQ due to UL LBT failures is allowed for Type 2C UL channel access procedure as defined in TS 37.213 [57].

TCSI_reporting_withCCA = TCSI_reporting + L4*TCSI-RS + TCSI_ReportingDelay, where
	TCSI_reporting	is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331 [2].
	L4*TCSI-RS is the additional delay in reception of CSI-RS due to the CSI-RS occasions unavailability at the UE due to DL CCA failures, where TCSI-RS is the periodicity of the configured CSI-RS, and L4 (L4 ≤ L4,max) is the number of CSI-RS occasions not available at the UE due to DL CCA failures; L4,max = 2 if TCSI-RS ≤ 40ms and L4,max = 1 otherwise.
	TCSI_ReportingDelay is the additional delay in transmission of CSI reporting due to UL CCA failures at the UE. If there are no uplink resources for reporting the valid CSI, then the UE shall use the next available opportunities for reporting the corresponding valid CSI as specified in TS 38.213 [3].

The remaining part of the SCell activation delay (from HARQ feedback in PCell to received valid CSI report for SCell in PCell) depends on the downlink CCA failures in SCell. The downlink CCA failures to consider are:
· L1 (failure to acquire SSB for timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 160ms
· L2,1 and L2,2 (failure to acquire SSB for gain setting and timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 320ms
· TSMTC_MAX same as Trs if same SSB periodicity is used in PCell and SCell
· L3,1 and L3,2 (failure to acquire SSB for gain setting and cell detection) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of unknown SCell
· TFirst_MAX, TSMTC_MAX and Trs are the same if same SSB periodicity is used in PCell and SCell

Proposal 6: Test cases for SCell (de)activation testing with NR PCC under CCA with SCC under CCA are modeled with DL CCA in SCell and UL CCA in PCell.


Test cases for NR PSCC under CCA with SCC under CCA

For NR PSCC under CCA with SCC under CCA the UE is operating in intra-band CA scenario, with implications for the interruptions during the SCell activation. Similar to the previous case it can be assumed that PSCC and SCC are received using same LNA, hence when the SCell is known and the measCycleSCell is larger than 160ms or SCell is unknown, interruptions on PSCC may extend over the whole SMTC window (SSB burst duration) due to gain search and there may additionally be multiple interruptions under some conditions. Interruptions on EUTRA PCC are still short (other LNA is used) but there may be multiple short interruptions in some cases.

For CCA, again similar to the previous case one need to consider uplink CCA failures in PSCell and downlink CCA failures in SCell.

The CCA failures to consider on PSCC are related to HARQ feedback from UE on received MAC (THARQ) and on providing uplink resources for CSI reporting in PSCell for PSCell and SCell. Both these are already covered by the definitions of THARQ and TCSI_Reporting_withCCA, as outline above.

Similar to previous case, the downlink CCA failures to consider are:
· L1 (failure to acquire SSB for timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 160ms
· L2,1 and L2,2 (failure to acquire SSB for gain setting and timing refinement) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of known SCell with measCycleSCell of 320ms
· TSMTC_MAX same as Trs since it is an inter-band scenario.
· L3,1 and L3,2 (failure to acquire SSB for gain setting and cell detection) and L4 (failure to acquire CSI-RS for CQI measurement) for activation of unknown SCell
· TFirst_MAX, TSMTC_MAX and Trs are the same since it is an inter-band scenario.

Proposal 7: Test cases for SCell (de)activation testing with NR PSCC under CCA with SCC under CCA are modeled with DL CCA in SCell and UL CCA in PSCell.


CCA model

The CCA model is modelling success for acquiring DL and UL with probabilities PCCA_DL and PCCA_UL, respectively. As seen in the discussion about test cases above, the UL CCA failures may have an impact on the activation timeline only when NR spCell is under CCA. However in that case UL CCA failures only have impact on starting point (waiting for providing HARQ feedback in PCell for received MAC command with SCell activation/deactivation) and ending point (waiting for UL resources for transmitting CSI report in PCell with valid CQI fo SCell).

Proposal 8: 	For UL CCA model in SCell (de)activation testing, PCCA_UL = [0.75] is used for all time intervals.

Proposal 9: 	For DL CCA model in SCell (de)activation testing, PCCA_DL = [0.75] is used for all time intervals.    

Conclusions
In this contribution we discuss Scell interruption testing for NR-U and propose:
Proposal 1 : During interruption tests, a deactivated Scell measurement cycle of 160ms is used 
Proposal 2 : LBT model is configured in interruption tests, with a channel access success probability P=[0.75]
Proposal 3 : The interruption requirements are verified in tests with the following phases
T1 : UE is configured with PCell and PScell if applicable, and measures/reports candidate Scell such that it will be known in T2 
T2 : Scell is added, interruption requirement verified
T3 : Scell is activated, interruption requirement verified
T4 : Scell is deactivated, interruption requirement verified
T5 : Deactivated Scell measurement interruption requirement is verified
T6 : Scell is released, interruption requirement verified
In this contribution we further discuss Scell (de)activation testing for NR-U and propose:
Proposal 4:  	Define test cases for SCell (de)activation of known SCell in NR-U for both measurement cycles 160 and 320ms.
Proposal 5: 	Test cases for SCell (de)activation testing with NR PCC in FR1 with SCC under CCA are modeled with only DL CCA in SCell.
Proposal 6: 	Test cases for SCell (de)activation testing  with NR PCC under CCA with SCC under CCA are modeled with DL CCA in SCell and UL CCA in PCell.
Proposal 7: 	Test cases for SCell (de)activation testing with NR PSCC under CCA with SCC under CCA are modeled with DL CCA in SCell and UL CCA in PSCell.
Proposal 8: 	For UL CCA model in SCell (de)activation testing, PCCA_UL = [0.75] is used for all time intervals.
Proposal 9: 	For DL CCA model in SCell (de)activation testing, PCCA_DL = [0.75] is used for all time intervals.    

A draft CR for interruption test cases and SCell (de)activation test cases is provided in [2].
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Group of requirements  Test cases     Requirements  section  Agreed  Volunteer  Phase I  Phase  II  

Interruptions  Due to NR - U SCell  addition/release, with:     8.2.1, 8.2.2     Ericsson        

                 NR PCC (FR1)    FFS  

                 NR - U PCC    FFS  

                 NR - U PSCC and E - UTRAN  PCC (FDD,TDD)    FFS  

Due to NR - U SCell  activation/deactivation, with:     8.2.1, 8.2.2              

                 NR PCC (FR1)    Yes  

                 NR - U PCC    Yes  

                 NR - U PSCC and E - UTRAN  PCC (FDD,TDD)    Yes  

During measurements no  deactivated NR - U SCell, with:     8.2.1, 8.2.2              

                 NR PCC (FR1)    FFS  

                 NR - U PCC    FFS  

                 NR - U PSCC and E - UTRAN  PCC (FDD,TDD)    FFS  

Due to inter - RAT SFTD  measurements between:     TS 36.133              

                 NR - U PCell and E - UTRAN  PCell (FDD,TDD)    Yes  

Due to  NR - U PSCell  addition/release, with:     TS 36.133  Yes           

  and the following test cases were proposed for SCell (de)activation:  

SCell  activation/deactivation  delay                   NR PCC (FR1) known  8.3A  Yes           

unknown   Yes  

                 NR - U PCC known   Yes  

unknown   Yes  

                 NR - U PSCC and E - UTRAN  PCC (FDD, TDD) known   Yes  

unknown   Yes  

