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Introduction
This paper presents Nokia’s view on RRM aspects related to the operation between 52.6 GHz and 71 GHz. This paper discusses the impact of operation above 52.6 GHz on timing aspects. Among the discussion points are timing aspects including TA, UE transmit timing, and MRTD for operation above 52.6 GHz, and the impact on RRM core requirements.  
Discussion
UE transmit timing error
During the last RAN4 meeting, agreements were reached for the UL accuracy when using 480 kHz and 960 kHz SCS, where still the values for 120 kHz SCS need to be defined [2]:
	SSB periodicity and set of requirements
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms
· X=80 ms for UL SCS of 480 kHz
· X=40 ms for UL SCS of 960 kHz
· Note: test cases will be defined for both cases
· Note: the agreement can be revisited in case no feasible Te requirements values are identified.

Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· For X = 80ms
	SSB SCS
	UL SCS
	Te/CP Ratio 

	120
	480
	[0.35]

	480
	480
	[0.30]

	960
	480
	[0.25]



· For X = 40ms
	SSB SCS
	UL SCS
	Te/CP Ratio

	480
	960
	[0.40]

	960
	960
	[0.38]







When the 120 kHz SCS is considered, we can analyse the improvement of DL timing estimation accuracy based on the new SSB SCS 480 kHz and 960 kHz as:

Which results in an accuracy of as described in Table 1. From these results, there is a difference of 4.4 ns and 6.5 ns for SSB detection accuracy of 240 kHz SCS in comparison to 480 kHz and 960 kHz, which is equivalent to 0.14*64*Tc and 0.2*64*Tc. Therefore, since Te for 120 kHz with 240 kHz SSB is 3.0*64*Tc, the Te values can be updated for 480 kHz and 960 kHz SSB as 2.86*64*Tc for 
[bookmark: _Ref98752330]Table 1 SSB-based DL timing detection accuracy depending on the SCS
	SSB SCS
	120 kHz
	240 kHz
	480 kHz
	960 kHz

	
	17.4
	8.7
	4.3
	2.2



Accuracy of SSB-based DL timing detection improves by 4.4 ns = 0.14*64*Tc for 480 kHz in comparison to 240 kHz SSB. 
Accuracy of SSB-based DL timing detection improves by 6.5 ns = 0.2*64*Tc for 480 kHz in comparison to 240 kHz SSB. 
Determine Te UL accuracy for 120 kHz for different SSB SCS as 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.86*64*Tc

	
	960
	120
	2.80*64*Tc



Gradual timing adjustment
Updating gradual timing adjustment tot eh new subcarrier spacings have been discussed since RAN4 #101-bis, but companies wanted to wait for the definition of the Te values before deciding on that topic [9]. 
The gradual timing adjustment is used in order to compensate for UE movement and clock drift. In the existing requirements, gradual time adjustment include maximum aggregate adjustment Tq per 200 ms. The existing requirements for FR1 and FR2-1 are shown in Table 2, where the Te values are shown for easier comparison of the values. So far, the autonomous timing adjustment maximum aggregate adjustment per 200 ms has been kept lower than the UL timing accuracy Te. 

[bookmark: _Ref98760742]Table 2 Autonomous timing adjustment step and aggregate adjustment rate for FR1 and FR2-1
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Tq
	Tp

	FR1
	15
	15
	12*64*Tc
	5.5*64*Tc
	5.5*64*Tc

	
	
	30
	10*64*Tc
	
	

	
	
	60
	10*64*Tc
	
	

	
	30
	15
	8*64*Tc
	
	

	
	
	30
	8*64*Tc
	
	

	
	
	60
	7*64*Tc
	
	

	FR2-1
	120
	60
	3.5*64*Tc
	2.5*64*Tc
	2.5*64*Tc

	
	
	120
	3.5*64*Tc
	
	

	
	240
	60
	3*64*Tc
	
	

	
	
	120
	3*64*Tc
	
	



As described in  [9], three main aspects can considered for the maximum aggregate adjustment, which are the clock drift, the UE movement, and the sampling period. The clock drift, when considering a TGRADUAL=200 ms time window can be determined as

The timing offset withing TGRADUAL = 200 ms can also be computed considering the UE speed   and speed of light  as

The sampling period can be determined considering the minimum channel bandwidth for 480/960 kHz SCS, 400 MHz. If this BW is considered, and considering the FFT size of 1024 and 512 for 480 kHz and 960 kHz SCS, we have 491 MHz, which results in 2.03 ns sampling period. 
[bookmark: _Ref98772891][bookmark: _Ref98772887]Table 3 Calculation of gradual timing adjustment parameters for different UE speeds 
	Parameter/Case
	3 km/h
	10 km/h
	20 km/h
	30 km/h

	clock drift PPM
	0.10
	0.10
	0.10
	0.10

	gradual adjustment window TGRADUAL (ms)
	200.00
	200.00
	200.00
	200.00

	UE speed (km/h)
	3.00
	10.00
	20.00
	30.00

	clock drift per TGRADUAL (ns)
	20.00
	20.00
	20.00
	20.00

	 (ns)
	0.56
	1.85
	3.71
	5.56

	Min CH BW (MHz)
	400.00
	400.00
	400.00
	400.00

	Sampling frequency (MHz)
	491.52
	491.52
	491.52
	491.52

	Sampling period (ns)
	2.03
	2.03
	2.03
	2.03

	clock drift /(64*Tc)
	0.61
	0.61
	0.61
	0.61

	 /(64*Tc)
	0.02
	0.06
	0.11
	0.17

	Sample period /(64*Tc)
	0.0625
	0.0625
	0.0625
	0.0625

	Tq value/(64*Tc)
	0.69
	0.73
	0.79
	0.85



The latest agreements on the Te values are captured in the Big CR [10], and contain Te values which are 0.86*64*Tc or larger as shown in Table 4. Considering the agreed Te values, and the calculated Tq values from Table 3, we propose to consider the calculation with 20 km/h, and adopt Tq values as 0.8*64*Tc. 
[bookmark: _Ref98772910]Table 4 Te values for 480/ 960 kHz SCS in [10]
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2-2
	120
	480
	[1.58]*64*Tc

	
	480
	480
	[1.35]*64*Tc

	
	
	960
	[0.90]*64*Tc

	
	960
	480
	[1.13]*64*Tc

	
	
	960
	[0.86]*64*Tc



If 20 km/h is considered, timing offset variation, clock drift, and sampling rate account for a Tq value of about 0.79*64*Tc. 
Latest agreements on Te values include a minimum value of 0.86*64*Tc for 960 kHz. 
Adopt Tq=Tp=0.8*64*Tc for the gradual timing adjustment parameters for 480 kHz and 960 kHz SCS in FR2-2

[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on RRM requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
1. Accuracy of SSB-based DL timing detection improves by 4.4 ns = 0.14*64*Tc for 480 kHz in comparison to 240 kHz SSB. 
Accuracy of SSB-based DL timing detection improves by 6.5 ns = 0.2*64*Tc for 480 kHz in comparison to 240 kHz SSB. 
1. Determine Te UL accuracy for 120 kHz for different SSB SCS as 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.86*64*Tc

	
	960
	120
	2.80*64*Tc


If 20 km/h is considered, timing offset variation, clock drift, and sampling rate account for a Tq value of about 0.79*64*Tc. 
Latest agreements on Te values include a minimum value of 0.86*64*Tc for 960 kHz. 
Adopt Tq=Tp=0.8*64*Tc for the gradual timing adjustment parameters for 480 kHz and 960 kHz SCS in FR2-2
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