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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 Timing 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, timing aspects including UE transmit timing and Timing advance needs to be considered. The existing requirements for UE transmit timing and Timing advance are specified as below [TS38.133]. 
	[bookmark: _Hlk76064450]The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission.
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc





In this paper, we review the UE initial transmission timing error and timing advance adjustment accuracy for NR and discuss the requirements for timing from 52.6GHz to 71GHz.
[bookmark: OLE_LINK5]Discussion
Initial transmit timing error
In [2], it was pointed out that Te without margin depend on the DL BW of the signal used for DL timing estimation. The minimum timing error would be the inverse of signal BW. In NR, UE can derive its timing by using SS/PBCH block which consists of 240 contiguous subcarriers. Table 1 shows both minimum timing error and margin for different combinations of SSB signals and uplink signals. 
Table 1: initial transmission timing error for NR
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	SS/PBCH block BW (MHz)
	Minimum timing error
	Margin
(Te- Minimum timing error)

	1
	15
	15
	12*64*Tc
	15*240=3.6
	4.2*64*Tc
	7.8*64*Tc

	
	
	30
	10*64*Tc
	15*240=3.6
	4.2*64*Tc
	5.8*64*Tc

	
	
	60
	10*64*Tc
	15*240=3.6
	4.2*64*Tc
	5.8*64*Tc

	
	30
	15
	8*64*Tc
	30*240=7.2
	2.1*64*Tc
	5.9*64*Tc

	
	
	30
	8*64*Tc
	30*240=7.2
	2.1*64*Tc
	5.9*64*Tc

	
	
	60
	7*64*Tc
	30*240=7.2
	2.1*64*Tc
	4.9*64*Tc

	2
	120
	60
	3.5*64*Tc
	120*240=28.8
	0.53*64*Tc
	2.97*64*Tc

	
	
	120
	3.5*64*Tc
	120*240=28.8
	0.53*64*Tc
	2.97*64*Tc

	
	240
	60
	3*64*Tc
	240*240=57.6
	0.26*64*Tc
	2.74*64*Tc

	
	
	120
	3*64*Tc
	240*240=57.6
	0.26*64*Tc
	2.74*64*Tc



From the above table, it is observed that for FR1 and FR2, the minimum margin is about 5Ts and 2.75Ts respectively. We consider for 52.6-71GHz, the margin should not change much compared with the existing FR2. Meanwhile, it was agreed that the margin decrease with the increasing SCS in [3]. 
According to the above discussion and analysis, we suggest the margin is about 2.5Ts and 2.25Ts for 480kHz and 960kHz SSB SCS. The final values of initial transmission timing error are computed as the sum of minimum timing error and margin. The result for 52.6-71GHz is shown in Table 2.
Table 2: initial transmission timing error for 52.6-71GHz
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	SS/PBCH block BW (MHz)
	Minimum timing error (Ts)
	Margin (Ts)
	initial transmission timing error (Ts)
	Round off values (Ts)

	120
	120
	120*240=28.8
	0.53
	2.97
	3.5
	3.5

	
	480
	120*240=28.8
	0.53
	2.97
	3.5
	3.5

	
	960
	120*240=28.8
	0.53
	2.97
	3.5
	3.5

	480
	120
	480*240=115.2
	0.1356
	2.5
	2.6356
	2.75

	
	480
	480*240=115.2
	0.1356
	2.5
	2.6356
	2.75

	
	960
	480*240=115.2
	0.1356
	2.5
	2.6356
	2.75

	960
	120
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5

	
	480
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5

	
	960
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5



For higher SCS, tighter timing requirements need to be applied in order to guarantee UL performance. From the above table, it is observed that when UL SCS is greater than SSB SCS, it would cause UL performance degradation. So it should be considered that the uplink signal SCS should be no greater than SSB SCS for 52.6-71GHz. In other words, 120kHz SSB SCS only support 120kHz UL SCS and 480kHz SSB SCS only support 120kHz and 480kHz UL SCS. We have revised Table 2 and the result is shown in Table 3.
Table 3: revised initial transmission timing error for 52.6-71GHz
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	SS/PBCH block BW (MHz)
	Minimum timing error (Ts)
	Margin (Ts)
	initial transmission timing error (Ts)
	Round off values (Ts)

	120
	120
	120*240=28.8
	0.53
	2.97
	3.5
	3.5

	480
	120
	480*240=115.2
	0.1356
	2.5
	2.6356
	2.75

	
	480
	480*240=115.2
	0.1356
	2.5
	2.6356
	2.75

	960
	120
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5

	
	480
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5

	
	960
	960*240=230.4
	0.0678
	2.25
	2.3178
	2.5



Proposal 1: The uplink signal SCS should be no greater than SSB SCS for 52.6-71GHz.
In [4], it was agreed that FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. For FR2-1, UE support 120kHz and 240kHz SSB SCS for 60kHz and 120kHz uplink signal SCS. For FR2-2, UE support 120kHz, 480kHz and 960kHz SCS for both SSB and uplink signal. FR2-1 and FR2-2 are different in content, therefore we discuss the requirements separately. Combine the above result with the existing content in TS38.133 and the final initial transmission timing error can be shown in Table 4. 
Proposal 2: Since FR2-1 and FR2-2 is different in content, the requirements for 24.25-52.6GHz and 52.6-71GHz need to be discussed separately.
From the result, it is observed that for larger SCS of uplink signals, 480kHz and 960kHz, Te may exceeds the cyclic prefix length and it could cause UL performance degradation. In our opinion, scheduling restriction may be needed on the first symbol.
Proposal 3: The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 4.
Table 4: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.75*64*Tc

	
	
	480
	2.75*64*Tc

	
	960
	120
	2.5*64*Tc

	
	
	480
	2.5*64*Tc

	
	
	960
	2.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Timing advance adjustment accuracy
According to [5], The timing adjustment accuracy in existing requirements can be derived from minimum sampling rate which is equal to the product of FFT size and SCS (see Table 5). When oversampling is not used, the timing adjustment accuracy can be guaranteed to at most one sample.
Table 5: timing adjustment accuracy in existing requirements
	SCS (kHz)
	minimum Bandwidth (MHz)
	FFT size
	minimum sampling rate (MHz)
	Timing adjustment accuracy (+/-)

	15
	5
	512
	7.68
	256Tc

	30
	5
	256
	7.68
	256Tc

	60
	10
	256
	15.36
	128Tc

	120
	50
	512
	61.44
	32Tc



In [6], RAN4 agreed on the minimum channel bandwidths for NR operation in 52.6GHz to 71GHz as follow:
· For 120 kHz SCS, 100MHz
· For 480 kHz SCS, 400MHz
· For 960 kHz SCS, 400MHz
Based on the above discussion and analysis, we scale the timing adjustment accuracy requirements from 52.6GHz to 71GHz in Table 6.

Table 6: UE Timing Advance adjustment accuracy from 52.6GHz to 71GHz
	SCS (kHz)
	minimum Bandwidth (MHz)
	FFT size
	minimum sampling rate (MHz)
	Timing adjustment accuracy (+/-)

	120
	100
	1024
	122.88
	16Tc

	480
	400
	1024
	491.52
	4Tc

	960
	400
	512
	491.52
	4Tc



We combine the above result with the existing content in TS38.133 and the final UE Timing Advance adjustment accuracy can be shown in Table 7.
Proposal 4: The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.
Table 7: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±4 Tc
	±4 Tc



Conclusion
Proposal 1: The uplink signal SCS should be no greater than SSB SCS for 52.6-71GHz.
Proposal 2: Since FR2-1 and FR2-2 is different in content, the initial transmission timing requirements for 24.25-52.6GHz and 52.6-71GHz need to be discussed separately.
Proposal 3: The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 4.
Table 4: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.75*64*Tc

	
	
	480
	2.75*64*Tc

	
	960
	120
	2.5*64*Tc

	
	
	480
	2.5*64*Tc

	
	
	960
	2.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Proposal 4: The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.
Table 7: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±4 Tc
	±4 Tc
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