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Introduction
During the RAN4 #99 the initial scope of RRM work was defined. In the WF [1] the following topics which need the extension of the requirements to high SCS were listed:
	· 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


In this paper we provide our views on interruption requirements for new numerologies defined for NR 52.6 – 71 GHz operation.
Discussion
The interruption requirements are defined on per-SCS basis. The number of interrupted slots due to changes in RF parameters (RF retuning, turning on/off etc) is calculated as follows
Nslot,interrupted = ⌈ Ti/Tslot ⌉ for synchronous scenario 
Nslot,interrupted = ⌈ Ti/Tslot ⌉ + 1, for asynchronous scenario, 
where Ti is the time which takes to change RF parameter, and Tslot is slot duration.
New SCS of 480kHz and 960kHz are introduced for operation in FR2-2. The symbol length for these SCS is very short and CP length is shorter than MRTD (considering that legacy FR2 MRTD requirements can be applied both for FR2-1 and FR2-2). This means that in FR2-2 we always have asynchronous scenario. 
Interruptions at transitions between active and non-active during DRX and Interruption at E-UTRA PCell transitions from non-DRX to DRX
The values for interruption length are based on the assumption that the duration of RF retuning in LTE PCell/PSCell can be less than 500us.
Table 1: Interruption length X at transition between active and non-active during DRX
	[image: ]
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17

	6
	0.015625
	33


Proposal 1: For new SCSs RAN4 to define interruption length at transition between active and non-active during DRX (Table 8.2.1.2.1-1 in TS38.133) as shown in Table 1
Interruptions at SCell addition/release
The values for interruption length are based on RF addition time equal to 1ms. Since as we mentioned earlier even the smallest MRTD (260ns for FR2-FR2) is large than the CP length for new numerologies, we do not differentiate the requirements for aggressor cells from different FR.
Table 2: Interruption length X1 and Y1 at E-UTRA SCell addition/Release
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	NR Slot length 
	Interruption length X1 (slots)
	Interruption length Y1 (slots)

	
	(ms)
	Sync
	Async
	Sync
	Async

	0
	1
	1
	2
	1
	2

	1
	0.5
	2
	3
	2
	3

	2
	0.25
	5
	4
	5

	3
	0.125
	9
	N/A
	- N/A

	5
	0.03125
	33
	N/A
	N/A

	6
	0.015625
	66
	N/A
	N/A



Table 3: Interruption length X1 and Y1 at SCell addition/Release
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	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)
	Interruption length Y1 (slots) 

	0
	1
	1
	1

	1
	0.5
	2
	2

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

	
	
	Either aggressor cell or victim cell is on FR1
	5
	

	3
	0.125
	Aggressor cell is on FR2
	8
	8

	
	
	Aggressor cell is on FR1
	9
	

	5
	0.03125
	33
	32

	6
	0.015625
	65
	64



Table 4: 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
	33

	6
	0.015625
	65



Table 5: 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 new SCSs RAN4 to define interruption length at SCell addition/release for EN-DC (Tables 8.2.1.2.3-1, 8.2.1.2.3-1 in TS38.133) as shown in Tables 2-3 and for SA (Tables 8.2.2.2.1-1, 8.2.2.2.1-1 in TS38.133) as shown in Tables 4-5

Interruptions at SCell activation/deactivation
The values for interruption length are based on the assumption that the duration of RF retuning can be less than 500us. we get the values captured in green in Tables 8.2.1.2.4-1, 8.2.1.2.4-2 for EN-DC and in Tables 8.2.2.2.2-1, 8.2.2.2.2-2 for SA.

Table 6: Interruption length X2 and Y2 at E-UTRA SCell activation/deactivation
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	NR Slot length
	nterruption length X2 (slots)
	Interruption length Y2 (slots)

	
	(ms)
	Sync
	Async
	Sync
	Async

	0
	1
	1
	2
	1
	2

	1
	0.5
	1
	2
	1
	2

	2
	0.25
	3
	2
	3

	3
	0.125
	5
	N/A
	N/A

	5
	0.03125
	17
	N/A
	N/A

	6
	0.015625
	33
	N/A
	N/A



Table 7: Interruption length X2 and Y2 at SCell activation/deactivation
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	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)
	Interruption length Y2 (slots)

	0
	1
	1
	1

	1
	0.5
	1
	1

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

	
	
	Either aggressor cell or victim cell is on FR1
	3
	

	3
	0.125
	Aggressor cell is on FR2
	4
	4

	
	
	Aggressor cell is on FR1
	5
	

	5
	0.03125
	17
	16

	6
	0.015625
	33
	32



Table 8: 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
	17

	6
	0.015625
	33



Table 9: 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 new SCSs RAN4 to define interruption length at SCell activation/deactivation for EN-DC (Tables 8.2.1.2.4-1, 8.2.1.2.4-2) as shown in Tables 6-7 and for SA (Tables 8.2.2.2.2-1, 8.2.2.2.2-2) as shown in Tables 8-9
Interruptions during measurements on SCC
The values for interruption length are based on the assumption that the duration of activation for measurement (RF warmup except AGC) can be less than 500us and AGC can be finished within 1 SMTC duration if SMTC configuration is known. Like for the Table 8.2.1.2.4-1 from the previous section the following changes can be made for Table 8.2.1.2.5.2-1

Table 10: Interruption length X3 and Y3 at measurements on deactivated E-UTRA SCC
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	NR Slot length
	Interruption length X3 (slots)
	Interruption length Y3 (slots)

	
	(ms)
	Sync
	Async
	Sync
	Async

	0
	1
	1
	2
	1
	2

	1
	0.5
	1
	2
	1
	2

	2
	0.25
	3
	2
	3

	3
	0.125
	5
	N/A
	N/A

	5
	0.03125
	17
	N/A
	N/A

	6
	0.015625
	33
	N/A
	N/A


Proposal 4: For new SCSs RAN4 to define interruption length at measurements on deactivated E-UTRA SCC (Table 8.2.1.2.5.2-1) as shown in Table 10.

Interruptions due to Active BWP switching Requirement  
The values for interruption length are based on the assumption that the duration of RF retuning can be less than 500us.
Table 11: interruption length X
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	NR Slot length (ms)
	Interruption length X (slots)

	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 5: For new SCSs RAN4 to define interruption length at Active BWP switching for EN-DC (Table 8.2.1.2.7-1) and SA (Table 8.2.2.2.5-1) as shown in Table 11.
Interruptions due to UE-specific CBW change 
The values for interruption length are based on the assumption that the duration of RF retuning can be less than 500us.
Table 12: interruption length X
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	NR Slot length (ms)
	Interruption length X (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17

	6
	0.015625
	33


Proposal 6: For new SCSs RAN4 to define interruption length due to UE-specific CBW change (Table 8.2.1.2.11-1) as shown in Table 12.
Interruptions at NR SRS carrier based switching 
The values for interruption length are calculated as SRS carrier switching time + 6 symbols. Unified interruption requirements are defined for synchronous and asynchronous case, and based on asynchronous case. Here we assume that the SRS carrier switching time is same as for legacy FR2.
Table 13: 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
	3
	3

	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 14: 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
	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



[bookmark: _Hlk71507652]Proposal 7: For new SCSs RAN4 to define interruption length at NR SRS carrier based switching (Tables 8.2.1.2.12-1, 8.2.1.2.12-2 for EN-DC and Tables 8.2.2.2.9-1, 8.2.2.2.9-2 for SA) as shown in Table 12-13.
Conclusion
In this paper we provide our views on interruption requirements for new numerologies defined for NR 52.6 – 71 GHz operation. The following proposals were made:
Proposal 1: For new SCSs RAN4 to define interruption length at transition between active and non-active during DRX (Table 8.2.1.2.1-1 in TS38.133) as shown in Table 1
Proposal 2: For new SCSs RAN4 to define interruption length at SCell addition/release for EN-DC (Tables 8.2.1.2.3-1, 8.2.1.2.3-1 in TS38.133) as shown in Tables 2-3 and for SA (Tables 8.2.2.2.1-1, 8.2.2.2.1-1 in TS38.133) as shown in Tables 4-5
Proposal 3: For new SCSs RAN4 to define interruption length at SCell activation/deactivation for EN-DC (Tables 8.2.1.2.4-1, 8.2.1.2.4-2) as shown in Tables 6-7 and for SA (Tables 8.2.2.2.2-1, 8.2.2.2.2-2) as shown in Tables 8-9
Proposal 4: For new SCSs RAN4 to define interruption length at measurements on deactivated E-UTRA SCC (Table 8.2.1.2.5.2-1) as shown in Table 10.
Proposal 5: For new SCSs RAN4 to define interruption length at Active BWP switching for EN-DC (Table 8.2.1.2.7-1) and SA (Table 8.2.2.2.5-1) as shown in Table 11.
Proposal 6: For new SCSs RAN4 to define interruption length due to UE-specific CBW change (Table 8.2.1.2.11-1) as shown in Table 12.
Proposal 7: For new SCSs RAN4 to define interruption length at NR SRS carrier based switching (Tables 8.2.1.2.12-1, 8.2.1.2.12-2 for EN-DC and Tables 8.2.2.2.9-1, 8.2.2.2.9-2 for SA) as shown in Table 12-13.
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