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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. As part of the workplan for this meeting the following was planned [1]: 
	· RAN4 #100e (Aug 2021) – RRM Core
· Further identify impact on RRM/RLM/BM requirements (licensed and unlicensed operation)
· Finalize the impact on RRM/RLM/BM requirements
· Initial agreements on identified RRM/RLM/BM requirements updates 




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 UE timer accuracy for operation above 52.6 GHz, and the impact on RRM core requirements.  
Discussion
During the last RAN4 meeting the following agreements were reached in relation to RRM requirements [2]
	Impact of higher SCS on RRM requirements
· 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
· Study impact on RRM requirements due to higher SSB SCS for at least the following topics:
· Intra-frequency measurement
· Inter-frequency measurement
· Other RRM requirements, if identified are not precluded.





From the agreement it is cleat that UE transmit timing and Timing Advance requirements should be defined. UE receive timing and UE timer aspects are still open. 

UE transmit timing and timing advance
The UE transmit timing error and time advance accuracy have a direct impact on how synchronous the OFDM symbols are at the gNB and may impact significantly the demodulation performance of UL signals[6][7][8]. In this section we use some data analysis to evaluate how the UE timing acquisition errors and TA accuracy add up and propose interpolated values tor 480 kHz and 960 kHz SCS for the operation on FR2-2. 
In this section the UL timing error aspects is analysed for the operation above 52.6 GHz, particularly with larger subcarrier spacings. The analysis considered in this section is performed using a simplified simulator. This simulator considers:
· UEs with uniformly distributed random propagation delay in the range -10*TA_step ≤ TO ≤ 10*TA_step
· Where TO is the timing offset, which is twice the propagation delay
· Where TA_step =  the time adjustment resolution as defined in 38.213 [5].
· This formula is considered to apply for all the numerologies analysed in this paper. 
· The transmit timing of the UE is adjusted considering perfect TO estimation
· 2 scenarios are evaluated
· General transmit timing accuracy  
· Error in the range (NTA + NTA_offset) ×Tc ± Te
· Te is the defined in Table 7.1.2-1 of 38.133 [4]. For SCSs of 480 kHz and 960 kHz the timing accuracy is extrapolated as shown in Table 1. 
· This scenario emulates the test on A.7.4.1 of 38.133[4].
· TA command accuracy
· Error in the range (NTA + NTA_offset) ×Tc ± TTA e
· TTA e is the UE Timing Advance adjustment accuracy as defined in Table 7.3.2.2-1 of 38.133 [4]. For 480 kHz and 960 kHz SCS the TTA e requirements are extrapolated in in Table 2.
· This scenario emulates the test on A.7.4.3 of 38.133[4].


[bookmark: _Ref58584546][bookmark: _Ref58584540]Table 1 Timing error limit values for simulation, based on Table 7.1.2-1 of 38.133 [4].
	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

	
	
	480 Note 2
	0.9*64*Tc

	
	
	960 Note 2
	0.5*64*Tc

	
	480
	480 Note 2
	0.9*64*Tc

	
	
	960 Note 2
	0.5*64*Tc

	
	960
	960 Note 2
	0.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211
Note 2:	The values for SCSs of 480 and 960 kHz are interpolated and not contained in the original Table 7.1.2-1 of 38.133 [4]. 



[bookmark: _Ref58585054]Table 2 UE Timing advance adjustment accuracy based on Table 7.3.2.2-1 of 38.133 [4], with interpolated values for 840 and 960 kHz SCS
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480 Note 1
	960 Note 1

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±8 Tc
	±4 Tc

	Note 1:	The values for SCSs of 480 and 960 kHz are interpolated and not contained in the original Table 7.3.2.2-1 of 38.133 [4].



The results for this analysis are shown in Figure 1 and Figure 2 for the TA time error after TA command, and time error limit for different SCS values. A summary of the results is shown in Table 3, where the 5th and 95th percentiles of the errors are shown for each evaluated SCS. These percentiles indicate the range of error for 90% of the data points. 
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	a) 15 kHz SCS
	b) 30 kHz SCS
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	c) 60 kHz SCS
	d) 120 kHz SCS
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	e) 480 kHz SCS

	f) 960 kHz SCS


[bookmark: _Ref58596165][bookmark: _Hlk58585906]Figure 1 UL time error analysis considering TA command error limit of Table 2
The results for the TA command error limit in Figure 1 and Table 3 show timing errors that do not exceed 6% of the CP limit for 480 and 960 kHz SCS when using the proposed interpolated values. These are in line with what is observed with existing NR SCS smaller than 120 kHz. These results indicate that the TA command accuracy calculated for 480 and 960 kHz SCS in Table 2 are enough to  guarantee the same timing performance as is currently achieved for SCS values smaller than 120 kHz. 
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	a) 15 kHz UL SCS and 15 kHz SSB
	b) 30 kHz UL SCS and 15 kHz SSB
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	c) 60 kHz UL SCS and 15 kHz SSB
	d) 120 kHz UL SCS and 120 kHz SSB
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	e) 480 kHz UL SCS and 120 kHz SSB

	f) 960 kHz UL SCS and 120 kHz SSB


[bookmark: _Ref58596166]Figure 2 UL time error analysis considering Te Timing Error Limit of Table 1. 
The results for the general UL transmit time error analysis in Figure 2 and Table 3 show timing errors are mostly below 20 % of the CP limit for 480 and 960 kHz SCS. When considering the existing SCS values, the error limits are larger when the UL SCS is larger than the SSB SCS. As an example, the timing error for 60 kHz SCS UL transmissions if about 10 % of the CP when a 240 kHz SCS is used, whereas the error increased to 25% of the CP if the SSB SCS is reduced to 15 kHz. The results for the 480 and 960 kHz SCS values show error in the range of 19% and 21% of the CP length when considering the extrapolated Te values of Table 1, which is in line with the error range observed for the existing SCSs. If a scaling of the timing requirement as in Table 1 was not applied, the time error range would be in the order of 60% and 120% of the CP length for 480 and 960 kHz SCS. 
[bookmark: _Ref58596176][bookmark: _Ref58596170]Table 3 Summary of the results of TA command error limit and Timing error limit in relation to the CP length
	SSB SCS
	UL SCS
	TA command error 
percentage of CP length
	Timing Error 
percentage of CP length

	
	
	5th percentile
	95th percentile
	5th percentile
	95th percentile

	15
	15
	-5.82
	5.86
	-9.59
	9.59

	15
	30
	-7.59
	7.58
	-13.9
	13.91

	15
	60
	-7.62
	7.59
	-25.46
	25.49

	30
	15
	-5.83
	5.89
	-7.56
	7.59

	30
	30
	-7.63
	7.61
	-11.68
	11.75

	30
	60
	-7.62
	7.57
	-18.41
	18.38

	120
	60
	-7.58
	7.59
	-10.58
	10.62

	120
	120
	-5.86
	5.86
	-18.4
	18.37

	240
	60
	-7.59
	7.64
	-9.62
	9.57

	240
	120
	-5.83
	5.85
	-16.07
	16.18

	- Note 1
	480
	-5.83
	5.87
	-18.89
	18.91

	- Note 1
	960
	-5.85
	5.84
	-20.7
	20.72

	Note 1: The error limits for 480 and 960 kHz SCS are considered to be the same independently of the SSB SCS. 



The UL timing error limit and TA command accuracy need to be scaled in order to keep errors within a small fraction of the CP length. 
Define RRM requirements for UE transmit timing such that overall UE transmit timing error divided by CP length is similar to the one for existing SCS. 
Define timing error limit requirements as in the table below:  
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2-2
	120
	480
	0.9*64*Tc

	
	
	960
	0.5*64*Tc

	
	480
	480
	0.9*64*Tc

	
	
	960
	0.5*64*Tc

	
	960
	960
	0.5*64*Tc



[bookmark: _Hlk79065216]Define UE Timing Advance adjustment accuracy for 480 and 960 kHz SCS as in the table below: 
	UL Sub Carrier Spacing(kHz)
	480
	960

	UE Timing Advance adjustment accuracy
	±8 Tc
	±4 Tc



UE timer accuracy
One of the open topics related to timing during the last meeting was related to the UE timer accuracy. From companies feedback in the 1st round of discussions, no consensus could be reached on that topic with some companies stating that FR2 requirements apply and others that topic to be kept as FFS [3]. 
The UE timer accuracy requirements in clause 7.2 of 38.133 [4] are defined for timers that are used in protocol entities that control the UE behavior. Examples of such timers for RRC procedures that include T300 to T400 for procedures such as RRCSetupRequest, RRCReestabilshmentRequest, RRCReconfiguration among others [5]. The existing timer accuracy requirements are band agnostic and have a large accuracy for timer values below 4 s. Given the range of values of UE timer values, and considering that existing requirements are band agnostic, we don’t see a real need to revise the accuracy for the operation above 52.6 GHz. Examples of timer ranges can be found in the list below:
· T300 ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},
· T301 ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},
· T304 ENUMERATED { ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
· T310 ENUMERATED { ms0, ms50, ms100, ms200, ms500, ms1000, ms2000},
· T311 ENUMERATED { ms1000, ms3000, ms5000, ms10000, ms15000, ms20000, ms30000},
· T312 ENUMERATED { ms0, ms50, ms100, ms200, ms300, ms400, ms500, ms1000}
· T316 ENUMERATED { ms50, ms100, ms200, ms300, ms400, ms500, ms600, ms1000, ms1500, ms2000}
· T319 ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms1500, ms2000},
· T320 ENUMERATED { min5, min10, min20, min30, min60, min120, min180, spare1}

[bookmark: _Hlk79065245]UE timer accuracy requirements relate to accuracy of RRC related timers which vary on orders of tens of milliseconds to seconds. 
UE timer accuracy requirement are defined as band agnostic. 
RAN4 not to define new UE Timer accuracy requirements for the operation above 52.6 GHz. 
[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:
Observation 1: The UL timing error limit and TA command accuracy need to be scaled in order to keep errors within a small fraction of the CP length. 
Proposal 1: Define RRM requirements for UE transmit timing such that overall UE transmit timing error divided by CP length is similar to the one for existing SCS. 
Proposal 2: Define timing error limit requirements as in the table below:  
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	2-2
	120
	480
	0.9*64*Tc

	
	
	960
	0.5*64*Tc

	
	480
	480
	0.9*64*Tc

	
	
	960
	0.5*64*Tc

	
	960
	960
	0.5*64*Tc


Proposal 3: Define UE Timing Advance adjustment accuracy for 480 and 960 kHz SCS as in the table below:
	UL Sub Carrier Spacing(kHz)
	480
	960

	UE Timing Advance adjustment accuracy
	±8 Tc
	±4 Tc



Observation 2: UE timer accuracy requirements relate to accuracy of RRC related timers which vary on orders of tens of milliseconds to seconds. 
Observation 3: UE timer accuracy requirement are defined as band agnostic. 
Proposal 4: RAN4 not to define new UE Timer accuracy requirements for the operation above 52.6 GHz.
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