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Introduction
The item on impact of higher SCS on RRM requirements from 52.6GHz to 71GHz was discussed at RAN4 #99e. A WF [1] related to interruption was duplicated as below:
	· Define new RRM requirements due to higher data/SSB SCS for at least the following topics:
· Timing
· UE transmit timing
· Timing advance (TA)
· Interruptions
· Active BWP switching delay
· Measurement gaps
· Interruption time



Specifying new SCS, 480kHz and 960kHz, new interruption lengths are needed for almost all scenarios. At RAN4 #99e, there is no clear conclusion about which scenario should be discussed first. We recommend that RAN4 can work on RRM requirements for standalone signal-carrier and multi-carrier operation first until there is conclusion on other deployment scenarios from RF session. 
In TS38.133, there are multiple scenarios that could cause interruption for standalone NR carrier aggregation. In this paper, we review the interruptions at SCell addition/release, at SCell activation/deactivation, due to Active BWP switching requirement and at NR SRS carrier based switching. At last, we extend the requirements for interruption from 52.6GHz to 71GHz.
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Interruption at SCell addition/release
When one SCell for standalone NR carrier aggregation is added or released，the interruption should consider two scenarios：intra-band CA and inter-band CA. The main difference between the two scenarios is to consider AGC adjustment for intra-band interruption. In existing requirements, 1*SMTC duration is needed for AGC settling for intra-band CA addition/release. In addition, for inter-band interruption, the basic interruption is 1ms. The existing interruption requirements at SCell addition/release for intra-band and inter-band are specified as below [38.133].
	Table 8.2.2.2.1-1: Interruption length X1 for SCell addition/release for inter-band CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)

	0
	1
	1 

	1
	0.5
	2 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	4 

	
	
	Either aggressor cell or victim cell is on FR1
	5

	3
	0.125
	Aggressor cell is on FR2
	8 

	
	
	Aggressor cell is on FR1
	9 



Table 8.2.2.2.1-2: Interruption duration for SCell addition/release for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	2 + TSMTC_duration * 

	2
	0.25
	4 + TSMTC_duration * 

	3
	0.125
	8 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being added when one SCell is added;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is released.  
NOTE 2:	 is as defined in TS 38.211 [6].






We consider reusing the interruption duration of the existing FR2 for 52.6-71GHz. The interruption is 1ms for intra-band CA and the sum of 1ms and 1*SMTC duration for inter-band CA. There is no conclusion about clear CA configurations from RF session. In [3], it was agreed that FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25GHz-52.6GHz and FR2-2 for 52.6-71GHz. The nodes of FR1 and FR2-2 have relatively large delays and it is better to use DC to combine them rather than CA. Meanwhile, there is only a band for 52.6-71GHz. Therefore, RAN4 should consider the combination of FR2-1 and FR2-2 for inter-band CA from 52.6GHz to 71GHz. 
According to the above discussion and analysis, the final requirements for inter-band CA and intra-band CA can be shown in Table 1 and Table 2 respectively. µ indicates subcarrier spacing configuration and is defined in TS38.211. We extend the values of 480kHz and 960kHz.
In [4], it was pointed out that the value of MRTD would change the interruption requirements. When the MRTD requirements exceed the length of CP for victim cells, the interruption slots need to increase. However, there is no discussion about MRTD for 52.6-71GHz yet. As a result, we can further improve the result when the MRTD requirements are completed.
Proposal 1: For Standalone NR Carrier Aggregation, when one SCell is added or released，the interruption requirements can be shown in Table 1 and Table 2:
Observation 1: The value of MRTD would change the interruption requirements. RAN4 can further improve the interruption requirements when the MRTD requirements are completed.




Table 1: Interruption length X1 for SCell addition/release for inter-band CA
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	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)

	0
	1
	1 

	1
	0.5
	2 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	4 

	
	
	Either aggressor cell or victim cell is on FR1
	5

	3
	0.125
	Aggressor cell is on FR2
	8 

	
	
	Aggressor cell is on FR1
	9 

	5
	0.03125
	32 

	6
	0.015625
	64 



Table 2: Interruption duration for SCell addition/release for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	2 + TSMTC_duration * 

	2
	0.25
	4 + TSMTC_duration * 

	3
	0.125
	8 + TSMTC_duration * 

	5
	0.03125
	32 + TSMTC_duration * 

	6
	0.015625
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being added when one SCell is added;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is released.  
NOTE 2:	 is as defined in TS 38.211 [6].


Interruption at SCell activation/deactivation
The interruption requirements at SCell activation/deactivation are similar as SCell addition/release and the difference is that the basic interruption for SCell activation/deactivation is 0.5ms. The existing interruption requirements at SCell activation/deactivation for intra-band and inter-band are specified as below [38.133]. 
	Table 8.2.2.2.2-1: Interruption length X2 for SCell activation/deactivation for inter-band CA
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	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 



Table 8.2.2.2.2-2: Interruption duration for SCell activation/deactivation for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	1 + TSMTC_duration * 

	2
	0.25
	2 + TSMTC_duration * 

	3
	0.125
	4 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being activated when one SCell is activated;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is deactivated.
NOTE 2:	 is as defined in TS 38.211 [6].






We still consider reusing the interruption duration of the existing FR2 for 52.6-71GHz. The interruption is 0.5ms for intra-band CA and the sum of 0.5ms and 1*SMTC duration for inter-band CA. The final requirements for inter-band CA and intra-band CA can be shown in Table 3 and Table 4 respectively.
Proposal 2: For Standalone NR Carrier Aggregation, when one SCell is activated or deactivated, the interruption requirements can be shown in Table 3 and Table 4:
Table 3: Interruption length X2 for SCell activation/deactivation for inter-band CA
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	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3
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	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 

	5
	0.03125
	16

	6
	0.015625
	32 







Table 4: Interruption duration for SCell activation/deactivation for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	1 + TSMTC_duration * 

	2
	0.25
	2 + TSMTC_duration * 

	3
	0.125
	4 + TSMTC_duration * 

	5
	0.03125
	16 + TSMTC_duration * 

	6
	0.015625
	32 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being activated when one SCell is activated;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is deactivated.
NOTE 2:	 is as defined in TS 38.211 [6].



Interruption due to Active BWP switching requirement
The existing requirements for interruption due to Active BWP switching are specified as below [TS38.133].
	Table 8.2.2.2.5-1: Interruption length X
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	NR Slot
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	void






In [5], it was pointed out that the interruption due to BWP switching includes two components: time for applying the new parameters (RF tuning) and the time for waiting for slot boundary. The interruption duration is 0.5ms and add 1 slot for larger SCS considering the margin. In [6], it was indicated that the additional SMTC duration is not needed for the intra-band CA interruption requirement due to BWP switching. Thus, we extend the requirements as shown in Table 5:
Proposal 3: For Standalone NR Carrier Aggregation, when BWP is switched on one SCell, the interruption requirements can be shown in Table 5:
Table 5: Interruption length X
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	NR Slot
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17

	6
	0.015625
	33

	Note1:	void



Interruption at SRS carrier based switching
In [7], it was agreed that for the case of SRS transmission on (signal or multiple) CC, define two interruptions, covering switch to and switch back, each interruption is defined as the sum of SRS carrier switching time and 6 symbols. Because of TA add one additional slot for CA sync case. In [8], it was agreed that for intra-band CA in both FR1 and FR2 SRS carrier switching time is 200us and for inter-band CA in FR1 SRS carrier switching time is 200us, 500us and 900us. The existing requirements for interruptions at SRS carrier based switching are specified as below [TS38.133].
	Table 8.2.2.2.9-1: Interruption length X1 (slot) 
	
	NR Slot length 
	SRS carrier 
	Interruption length X1 (slots)
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	(ms) of victim cell
	switching time (us)Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30

	0
	1
	≤ 200
	2
	2

	
	
	300, 500
	2
	2

	
	
	900
	2
	2

	1
	0.5
	≤ 200
	3
	2

	
	
	300, 500
	3
	3

	
	
	900
	4
	4

	2
	0.25
	≤ 200
	4
	3

	
	
	300, 500
	5
	4

	
	
	900
	7
	6

	3
	0.125
	≤ 200
	7
	5

	
	
	300, 500
	9
	7

	
	
	900
	12
	10

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



Table 8.2.2.2.9-2: Interruption length X2 (slot) 
	
	NR Slot
	SRS carrier
	Interruption length X2 (slots)
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	length (ms) of victim cell
	switching time (us) Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	60
	120

	0
	1
	≤ 200
	2
	2

	1
	0.5
	≤ 200
	2
	2

	2
	0.25
	≤ 200
	3
	3

	3
	0.125
	≤ 200
	4
	4

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



For intra-band SRS carrier switching in FR1 or FR2, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 based on SRS carrier switching time ≤ 200us shall apply. For inter-band SRS carrier switching in FR1, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 shall apply.



In our opinion, RAN4 can reuse the interruption duration of the existing FR2 for B52.6GHz. According to the above discussion and analysis, we extend the requirements as shown in Table 6 and Table 7:
Proposal 4: For Standalone NR Carrier Aggregation, when SRS carrier based switching is performed between carriers, the interruption requirements on any active serving cell can be shown in Table 6 and Table 7:

Table 6: Interruption length X1 (slot) 
	
	NR Slot length 
	SRS carrier 
	Interruption length X1 (slots)
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	(ms) of victim cell
	switching time (us)Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30

	0
	1
	≤ 200
	2
	2

	
	
	300, 500
	2
	2

	
	
	900
	2
	2

	1
	0.5
	≤ 200
	3
	2

	
	
	300, 500
	3
	3

	
	
	900
	4
	4

	2
	0.25
	≤ 200
	4
	3

	
	
	300, 500
	5
	4

	
	
	900
	7
	6

	3
	0.125
	≤ 200
	7
	5

	
	
	300, 500
	9
	7

	
	
	900
	12
	10

	5
	0.03125
	≤ 200
	22
	15

	
	
	300, 500
	31
	24

	
	
	900
	44
	37

	6
	0.015625
	≤ 200
	42
	28

	
	
	300, 500
	61
	47

	
	
	900
	87
	73

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



Table 7: Interruption length X2 (slot) 
	
	NR Slot
	SRS carrier
	Interruption length X2 (slots)
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	length (ms) of victim cell
	switching time (us) Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	60
	120
	480
	960

	0
	1
	≤ 200
	2
	2
	2
	2

	1
	0.5
	≤ 200
	2
	2
	2
	2

	2
	0.25
	≤ 200
	3
	3
	2
	2

	3
	0.125
	≤ 200
	4
	4
	3
	3

	5
	0.03125
	≤ 200
	11
	10
	8
	8

	6
	0.015625
	≤ 200
	21
	18
	15
	15

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



Conclusion
Observation 1: The value of MRTD would change the interruption requirements. RAN4 can further improve the interruption requirements when the MRTD requirements are completed.
Proposal 1: For Standalone NR Carrier Aggregation, when one SCell is added or released，the interruption requirements can be shown in Table 1 and Table 2:
Table 1: Interruption length X1 for SCell addition/release for inter-band CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)

	0
	1
	1 

	1
	0.5
	2 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	4 

	
	
	Either aggressor cell or victim cell is on FR1
	5

	3
	0.125
	Aggressor cell is on FR2
	8 

	
	
	Aggressor cell is on FR1
	9 

	5
	0.03125
	32 

	6
	0.015625
	64 



Table 2: Interruption duration for SCell addition/release for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	2 + TSMTC_duration * 

	2
	0.25
	4 + TSMTC_duration * 

	3
	0.125
	8 + TSMTC_duration * 

	5
	0.03125
	32 + TSMTC_duration * 

	6
	0.015625
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being added when one SCell is added;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is released.  
NOTE 2:	 is as defined in TS 38.211 [6].



Proposal 2: For Standalone NR Carrier Aggregation, when one SCell is activated or deactivated, the interruption requirements can be shown in Table 3 and Table 4:
Table 3: Interruption length X2 for SCell activation/deactivation for inter-band CA
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	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 

	5
	0.03125
	16

	6
	0.015625
	32 



Table 4: Interruption duration for SCell activation/deactivation for intra-band CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + TSMTC_duration * 

	1
	0.5
	1 + TSMTC_duration * 

	2
	0.25
	2 + TSMTC_duration * 

	3
	0.125
	4 + TSMTC_duration * 

	5
	0.03125
	16 + TSMTC_duration * 

	6
	0.015625
	32 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is
	- the longest SMTC duration among all above active serving cells and the SCell being activated when one SCell is activated;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is deactivated.
NOTE 2:	 is as defined in TS 38.211 [6].



Proposal 3: For Standalone NR Carrier Aggregation, when BWP is switched on PCell and or SCell, the interruption requirements can be shown in Table 5:
Table 5: Interruption length X
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	NR Slot
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17

	6
	0.015625
	33

	Note1:	void



Proposal 4: For Standalone NR Carrier Aggregation, when SRS carrier based switching is performed between carriers, the interruption requirements on any active serving cell can be shown in Table 6 and Table 7:
Table 6: Interruption length X1 (slot) 
	
	NR Slot length 
	SRS carrier 
	Interruption length X1 (slots)
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	(ms) of victim cell
	switching time (us)Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30

	0
	1
	≤ 200
	2
	2

	
	
	300, 500
	2
	2

	
	
	900
	2
	2

	1
	0.5
	≤ 200
	3
	2

	
	
	300, 500
	3
	3

	
	
	900
	4
	4

	2
	0.25
	≤ 200
	4
	3

	
	
	300, 500
	5
	4

	
	
	900
	7
	6

	3
	0.125
	≤ 200
	7
	5

	
	
	300, 500
	9
	7

	
	
	900
	12
	10

	5
	0.03125
	≤ 200
	22
	15

	
	
	300, 500
	31
	24

	
	
	900
	44
	37

	6
	0.015625
	≤ 200
	42
	28

	
	
	300, 500
	61
	47

	
	
	900
	87
	73

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



Table 7: Interruption length X2 (slot) 
	
	NR Slot
	SRS carrier
	Interruption length X2 (slots)
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	length (ms) of victim cell
	switching time (us) Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	60
	120
	480
	960

	0
	1
	≤ 200
	2
	2
	2
	2

	1
	0.5
	≤ 200
	2
	2
	2
	2

	2
	0.25
	≤ 200
	3
	3
	2
	2

	3
	0.125
	≤ 200
	4
	4
	3
	3

	5
	0.03125
	≤ 200
	11
	10
	8
	8

	6
	0.015625
	≤ 200
	21
	18
	15
	15

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



References
[1] R4-2108354
[2] R4-1803794
[3] RP-211584
[4] R4-1901226
[5] R4-1809876
[6] R4-1810022
[7] R4-1915930
[8] R4-2005341
3GPP
image1.wmf
m


