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Introduction
In RAN#90 meeting, a Rel-17 work item for extending current NR operation to 71GHz was approved and the WID was updated in RAN#92e [1]. While a subcarrier spacing of 120kHz with NCP was recommended to be supported, additional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are also introduced for this frequency range.· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17


RAN4 specifies the interruption requirements in terms of interruption lengths and conditions on PCell/PSCell and activated SCells for a number of scenarios. Typically, the interruption length is determined in terms of slot-lengths which in turn varies with SCS. In this contribution, we analyze the impact of the higher SCS of 480/960kHz on some of the UE interruption requirements. 
Interruptions
RAN4 specifies the interruptions requirements for EN-DC, SA, NE-DC and NR-DC modes. Although the WID specifies that all these modes are applicable for FR2-2 bands, given the limited number of meetings for this WI, RAN4 may prioritize the scenarios. We can begin with specifying interruption requirements for SA mode first, followed by NR-DC. EN-DC and NE-DC related requirements can be specified towards the end of the WI, if time permits, or during the maintenance phase 
Proposal 1: Given the limited number of RAN4 meetings for this WI, propose that RAN4 prioritize specifying interruption requirements for FR2-2 in the following order:
1. NR-SA
2. NR-DC
3. EN-DC and NE-DC (if time permits or during maintenance phase)

In the following sub-sections, we provide our views on some of the interruption requirements applicable for NR-SA mode.
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Although SSB with higher SCS provides better DL timing estimation, the reduction in CP length on the Uplink transmission leaves very little room for any estimation error margin. With such small margin, it will be hard for the UE to meet the UL timing accuracy requirements. Analysis is shown in the table below.
Observation 4: Reduction in CP length of the UL transmission for higher SCS of 480/960kHz leaves the UE with very little timing estimation error margin which does not scales down linearly with wider DL SSB bandwidth.   
Proposal 2: For UL SCS of 480/960 kHz, the UE shall use a Te corresponding to half CP length of the UL transmission.
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc
2.1 Interruptions at SCell addition/release
Current interruption requirements for SCell addition/release for FR1 and FR2 are specified in clause 8.2.2.2.1 in terms of number of slots in 1ms. We think the same interruption length would apply to higher SCS as well. 
Proposal 3: Propose to update Table 8.2.2.2.1-1 and 8.2.2.2.1-2 with 480/960 kHz subcarrier spacing as below:
[bookmark: _Hlk79151633]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 

	4
	NA
	NA
	NA

	5
	0.03125
	Aggressor cell is on FR2
	32

	
	
	Aggressor cell is on FR1
	FFS:33

	6
	0.015625
	Aggressor cell is on FR2
	64

	
	
	Aggressor cell is on FR1
	FFS:65



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 * 

	4
	NA
	NA

	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].



2.2 Interruptions at SCell activation/deactivation
Current interruption requirements for SCell activation/deactivation for FR1 and FR2 are specified in clause 8.2.2.2.2 in terms of number of slots in 0.5ms. We think the same interruption length would apply to higher SCS as well. 
Proposal 4: Propose to update Table 8.2.2.2.2-1 and 8.2.2.2.2-2 with 480/960 kHz subcarrier spacing as below:
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 X1 (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 

	4
	NA
	NA
	NA

	5
	0.03125
	Aggressor cell is on FR2
	16

	
	
	Aggressor cell is on FR1
	FFS:17

	6
	0.015625
	Aggressor cell is on FR2
	32

	
	
	Aggressor cell is on FR1
	FFS:33



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 * 

	4
	NA
	NA

	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 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].



2.2 Interruptions during measurements on deactivated SCC
Current interruption requirements for measurements on deactivated SCC are specified in clause 8.2.2.2.2 in terms of number of slots in 0.5ms before and after the SMTC period. We think the same interruption length would apply to higher SCS as well.
Proposal 5: Propose to update Table 8.2.2.2.3-1 with 480/960 kHz subcarrier spacing as below:
Table 8.2.2.2.3-1: Interruption duration for measurement on deactivated SCell for intra-band CA
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	NR Slot length (ms)
	X (slots)
	Interruption length (slots)

	0
	1
	1
	2 + TSMTC_duration * 

	1
	0.5
	1
	2 + TSMTC_duration * 

	2
	0.25
	2
	4 + TSMTC_duration * 

	3
	0.125
	4
	8 + TSMTC_duration * 

	4
	NA
	
	

	5
	0.03125
	16
	32 + TSMTC_duration * 

	6
	0.015625
	32
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is the longest SMTC duration among all above active serving cells and the deactivated SCell to be measured;
NOTE 2:	 is as defined in TS 38.211 [6].



Conclusion
Proposal 1: Given the limited number of RAN4 meetings for this WI, propose that RAN4 prioritize specifying interruption requirements for FR2-2 in the following order:
1. NR-SA
2. NR-DC
3. EN-DC and NE-DC (if time permits or during maintenance phase)
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Observation 4: Reduction in CP length of the UL transmission for higher SCS of 480/960kHz leaves the UE with very little timing estimation error margin which does not scales down linearly with wider DL SSB bandwidth.   
Proposal 2: For UL SCS of 480/960 kHz, the UE shall use a Te corresponding to half CP length of the UL transmission.
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc

Proposal 3: Propose to update Table 8.2.2.2.1-1 and 8.2.2.2.1-2 with 480/960 kHz subcarrier spacing as below:
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 

	4
	NA
	NA
	NA

	5
	0.03125
	Aggressor cell is on FR2
	32

	
	
	Aggressor cell is on FR1
	FFS:33

	6
	0.015625
	Aggressor cell is on FR2
	64

	
	
	Aggressor cell is on FR1
	FFS:65



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 * 

	4
	NA
	NA

	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 4: Propose to update Table 8.2.2.2.2-1 and 8.2.2.2.2-2 with 480/960 kHz subcarrier spacing as below:
Table 8.2.2.2.2-1: Interruption length X2 for SCell activation/deactivation for inter-band CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X1 (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 

	4
	NA
	NA
	NA

	5
	0.03125
	Aggressor cell is on FR2
	16

	
	
	Aggressor cell is on FR1
	FFS:17

	6
	0.015625
	Aggressor cell is on FR2
	32

	
	
	Aggressor cell is on FR1
	FFS:33



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 * 

	4
	NA
	NA

	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 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 5: Propose to update Table 8.2.2.2.3-1 with 480/960 kHz subcarrier spacing as below:
Table 8.2.2.2.3-1: Interruption duration for measurement on deactivated SCell for intra-band CA
	[image: ]
	NR Slot length (ms)
	X (slots)
	Interruption length (slots)

	0
	1
	1
	2 + TSMTC_duration * 

	1
	0.5
	1
	2 + TSMTC_duration * 

	2
	0.25
	2
	4 + TSMTC_duration * 

	3
	0.125
	4
	8 + TSMTC_duration * 

	4
	NA
	
	

	5
	0.03125
	16
	32 + TSMTC_duration * 

	6
	0.015625
	32
	64 + TSMTC_duration * 

	NOTE 1:	TSMTC_duration measured in subframes is the longest SMTC duration among all above active serving cells and the deactivated SCell to be measured;
NOTE 2:	 is as defined in TS 38.211 [6].
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