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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
[bookmark: _Toc95750245]Introduction
During the last RAN4 meeting, it was agreed to consider a formula regarding general principles for determining Te requirements as [4]
	UL Timing accuracy requirements
· Basic principles
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.




And from RAN4 102-e [2]:
	Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· UE transmit timing error requirements for UL SCS of 480/960 kHz are defined under the following assumptions
· SCS:
· SSB SCS ≥ UL SCS
· FFS if other SCS combinations shall be considered
· At least one SSB is available at the UE during the last: 20ms, 40ms, 80ms
· Note: If multiple set of requirements are defined, then the requirements will be defined for at most for 2 periodicities
· Max delay spread: 
· [30ns] for 480kHz 
· [20ns] for 960kHz
· FFS if a single set or multiple sets of requirements need to be defined
· FFS how to design test case for UE transmit timing error requirements




[bookmark: _Toc95750246]Channel fading impact on upper bounds for Te
Based on the basic principles that were discussed on the last meeting, the Te should be defined considering a positive margin for the received UL signal at the gNB in order to avoid inter-symbol interference, or:

Which sets an upper limit for the definition of the Te value, as:
	
This limit sets the boundary in which Te is not causing significant inter-symbol interference. However, a large difference on the upper bound for Te can be observed depending on how TCH is calculated. It was a tentative agreement last meeting to use delay spread of 30 ns for 480 kHz and 20 ns for 960 kHz. If we analyse the TDLA channel profiles, we notice that for TDLA30, 90% of the energy is contained on the taps with delay smaller than 65 ns. Likewise, for TDLA20, 90% of the energy is contained on the taps with delay smaller than 43 ns. Additionally, when this channel model is considered, only 81.5% of the energy of the taps is contained on taps occurring with a delay smaller than the channel delay spread. 

Figure 1Analysis of the accumulated tap delay energy for TDLA30 and TDLA20
[bookmark: _Toc95750247]When TDLA30 and TDLA20, are considered, 90% of the channel energy is concentrated in taps with delay smaller than 65 and 43 ns. 
[bookmark: _Toc95750248]For TDLA channels 81.5% of the energy of the taps is contained on taps occurring with a delay smaller than the channel delay spread.
[bookmark: _Toc95750249]Consider TCH as the delay of the tap with 90% accumulated energy of TDLA30 for 480 kHz and TDLA20 for 960 kHz SCS. 
[bookmark: _Toc95750250]Lower bound calculation for Te values
A similar logic can be used to determine the lower limit of the Te value considering the accuracy in determining DL timing and the clock drift from the reference signal to the time of the UL transmission. The accuracy of the DL timing can be estimated based on the bandwidth of the SSB or the TRS, or
	
where is the bandwidth of the reference signal used for the Te, which is equivalent to 20 PRBs for SSB reference signal and 52 PRBs for TRS. Additionally, the margin for the UE may consider the clock drift between the last SSB or TRS and the UL transmission, or:
	
Where  is the clock drift in PPM,  is the DL reference signal periodicity. Considering that we can identify a UE related margin, what can be defined as 
	
Which sets a lower bound for the Te value as
	
[bookmark: _Toc92468867][bookmark: _Toc95750251]From UE perspective, the boundaries for Te can be determined considering the DL timing detection accuracy  and the expected clock drift . 
[bookmark: _Toc92468868][bookmark: _Toc95750252]Choose Te such that the condition   holds, where is the DL timing estimation accuracy, is the clock drift for the reference signal periodicity,  is the CP length,  is the delay of the tap with 90% accumulated energy of TDLA30 for 480 kHz and TDLA20 for 960 kHz SCS,  is the timing advance command step. 
[bookmark: _Toc95750253]PUSCH performance impact on Te
Next, we present PUSCH simulation results that show the impact of UL timing error on UL demodulation performance with parameters as in Table 1 and results in Table 2 and Figure 5. This result shows that the inaccurate UL timing may have a direct impact on the overall system performance, since the timing offsets larger than 25% of the CP length can cause a degradation of several dBs in demodulation performance. 
[bookmark: _Toc85798705][bookmark: _Toc95750254]UL timing errors larger than 25% of the CP length can cause UL demodulation performance degradation of 4.5 dB for 480 kHz SCS and 14 dB for 960 kHz SCS with TDLA10 channel. 
[bookmark: _Toc95750255]RAN4 to define UL timing accuracy requirements with Te < 22% of CP length

[bookmark: _Ref95733625]Table 1 PUSCH link level simulation parameters for evaluation of UL timing accuracy
	Parameter
	Value

	Carrier frequency
	60 GHz

	Subcarrier spacing
	480 kHz, 960 kHz

	Antenna configuration
	2x2 (FD-OCC single layer)

	DMRS configuration
	2 DMRS symbols at (2,11) symbol index
Note: no data multiplexing is assumed in DMRS symbols

	MCS
	MCS16

	BW
	400 MHz: 64/32 PRB for 480/960 kHz 

	Number of OFDM symbols
	14

	Channel estimation
	Practical

	Channel
	TDL-A 10ns

	Time offset
	TO:0, 10, 15, 20, 25,50, 75, 100% of CP

	Mobility
	3 km/h

	Test metric
	SNR @ 10% BLER




[image: ] [image: ]
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	b)


[bookmark: _Ref95734631][bookmark: _Ref95734628]Figure 5 Time offset impact in the BLER performance of the data channel (PUSCH) with a) 480 kHz SCS and b) 960 kHz SCS

[bookmark: _Ref95734620][bookmark: _Ref95734616]Table 2 Summary of SNR  LL simulation results at 10% BLER for 480 kHz 
	
	SNR (dB) @ 10% BLER

	TO
	480 kHz SCS
	960 kHz SCS

	0 us
	11.81
	12.44

	10% CP
	12.30
	13.49

	15% CP
	12.82
	14.99

	20% CP
	13.67
	17.66

	25% CP
	16.33
	27.0



[bookmark: _Toc95750256]SSB and UL signals combinations
It was identified in the last RAN4 meeting that when using a 120 kHz SCS for the SSB, it is very challenging to achieve enough Te accuracy when the SCS of the UL signal is 960 kHz. Therefore, it has been discussed that this SCS combination should be precluded from the RRM requirements. From the latest status of UE capabilities, RAN1 already included a dependency on the UE to support at least the same SCS in DL as it supports in UL. That means, a UE supporting 960 kHz in UL should also support 960 kHz in DL for data, control channels, SSB, and reference signal reception for non-initial access [14]. However, for other SCS combinations, we don’t see a reason to preclude the combinations of SCS, particularly basing on our dimensioning guidelines that are proposed in this paper. 
[bookmark: _Toc95750257]Some companies identified that it is technically challenging to meet feasible Te requirements for the combination of 960 kHz SCS in UL and 120 kHz SCS for the SSB. 
[bookmark: _Toc95750258]RAN4 to define Te requirements for the following combinations of SSB and UL SCS:
    -SSB 120 kHz, UL 120 kHz
    -SSB 120 kHz, UL 480 kHz
    -SSB 480 kHz, UL 120 kHz
    -SSB 480 kHz, UL 480 kHz
    -SSB 480 kHz, UL 960 kHz
    -SSB 960 kHz, UL 120 kHz
    -SSB 960 kHz, UL 480 kHz
    -SSB 960 kHz, UL 960 kHz
[bookmark: _Toc95750259]Te dimensioning guidelines
Continuing the analysis considering a different combinations of SSB SCS and UL SCS, we derive a Te dimensioning formula that considers the different combinations SSB SCS and SSB availability as well as the CP length. For a normal CP, the CP length is calculated from 38.211 with  ns and  as [10]

The accuracy of detection of DL timing based on SSB can also be determined in relation to the SSB numerology  can be calculated in ns as 

And considering the interval in which the SSB is assumed to be available  in ms and  PPM, the drift error can be calculated in ns as 

[bookmark: _Hlk95735949]Considering that, we can calculate  considering the maximum allowed Te with the minimum SSB numerology  and the maximum SSB periodicity  for a maximum allowed CP proportion  for the Te value. For 480 kHz SCS, we can consider SSBs the minimum SCS as 120 kHz, i.e. . For 960 kHz SCS, since RAN4 is likely to preclude the 120/960 kHz combination, we can consider SSBs the minimum SCS as 480 kHz, i.e. .
Following that reasoning, we can calculate the Te values using the following approach:
	[Target CP percentage] 
	- [Improvement factor when using  in comparison to  ]
	- [Improvement factor when using  in comparison to ]
The general formula above can be translated in the following formula: 

Considering the 120 kHz SCS, there are already Te requirements for FR2-1 that can be reused for SSB SCS of 120 kHz. Considering that in FR2-2 we also have new SCS for the SSBs, we should also consider that the accuracy of DL timing estimation from the UE is increased, and the Te value should be revisited when the SSB uses a SCS of 480 or 960 kHz. For 120 kHz SCS with 120 kHz SCS SSB reuse existing Te requirements for FR2-2. 
[bookmark: _Toc95750260]For 120 kHz SCS with 480 kHz and 960 kHz SCS used by SSB, consider improvement on DL detection timing due to wider SSB for the Te requirements. 
[bookmark: _Toc95750261]Te requirements with multiple SSB availability periods are applicable to all the UEs. 
[bookmark: _Toc95750262]Increasing the SSB SCS spacing improves the UE margin for the Te accuracy. 
[bookmark: _Toc95750263]Reduction on the SSB availability interval XSSB improves the UE margin for the Te accuracy. 
[bookmark: _Toc95750264]Increase of the SSB SCS should be translated in the calculation of the Te requirements. 
[bookmark: _Toc95750265]Reduction on the availability of SSB should be translated in the calculation of the Te requirements. 
[bookmark: _Toc95750266]Determine the Te requirements using the formula:       -where 
          -;  
          - and  are the numerologies for UL signals and SSB; 
          - is the SSB availability in ms;
          - is the minimum numerology used for the SSB for 
          - is the maximum SSB availability specified for ;
          - controls the baseline Te value in relation to the CP length
          - Tc is the basic timing unit defined in TS 38.211 
[bookmark: _Toc95750267]Statistical nature of Te RRM performance requirements
Another issue was raised in the last RAN4 meeting regarding whether the UL timing requirements should be considered as statistical. In our understanding some aspects of the UL timing error are indeed statistical, like the estimation of the DL timing. However, if we take into account the existing RRM performance requirements, the UL timing requirements are not considered as statistical, and that has not been a problem for the UEs to meet these requirements so far.  If we analyse how the RAN4 RRM performance requirements are mapped into RAN5, every time a test case is considered as statistical, this is translated in a test case that is repeated at least 33 times, and the UE has to pass 90% of the test runs in order to succeed in the test [9]. On the other hand, non-statistical requirements are run a single time. Considering that the above, we believe that specifying Te requirements as statistical in RRM performance is equivalent to a relaxation of the Te requirements, and as a result, the decision of the statistical nature of Te requirements should be discussed in combination with the Te requirements themselves. 
[bookmark: _Toc95750268]RAN5 specify that at least 33 test runs are used for performance requirements with statistical nature, and the UE has to pass 90% of the test runs.
[bookmark: _Toc95750269]Existing Te RRM performance requirements are not considered as of statistical nature. 
[bookmark: _Toc95750270]Consideration of Te requirements as of statistical nature is equivalent to relaxing the Te requirement. 
[bookmark: _Toc95750271]Te requirements and classification of statistical test should be discussed together. 
[bookmark: _Toc95750272]If RAN4 agrees that Te requirements are classified as statistical, smaller Te values should be specified. 
[bookmark: _Toc95750273]Te requirements proposals
Considering the status of the discussion during the last 3GPP meeting, and the existing requirements for 120 kHz SCS, we propose the following values for the formula parameters, where the guidelines above are considered
· 22% of the CP, 
· TMAR,BS>0 (with the exception of 960 kHz, with 480 kHz SSB, where TMAR was exceeded by 4.2 ns,
· TMAR,UE>0
[bookmark: _Ref94538503]Table 4 parameters for calculation of the Te values
	
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	
	
	Non statistical nature
	Statistical nature
	Non statistical nature
	Statistical nature

	
	0.182
	0.22 
	0.20
	0.18
	0.172

	
	3
	3
	3
	5
	5

	
	160
	80
	80
	80
	80



Considering the parameters in Table 1, we can calculate the following new parameters for the Te values when the Te requirements are not considered of statistical nature: 
[bookmark: _Ref95727606]Table 5 Proposed Te values when requirements are not considered as having statistical nature 
	SSB SCS
	UL SCS
	
	Te*64*Tc
	Te % CP
	TMAR,BS (ns)
	TMAR,UE (ns)

	120
	120
	160
	3.50
	19.44
	206.3
	80.6

	240
	120
	160
	3.00
	16.67
	238.8
	73.0

	120
	480
	80
	0.99
	22.00
	0.8
	6.9

	
	
	40
	0.86
	19.11
	9.2
	6.6

	
	
	20
	0.80
	17.78
	13.1
	6.7

	480
	120
	160
	2.87
	15.94
	247.3
	73.1

	
	480
	80
	0.59
	13.11
	26.8
	6.9

	
	
	40
	0.46
	10.22
	35.3
	6.6

	
	
	20
	0.40
	8.89
	39.2
	6.7

	
	960
	80
	0.40
	17.78
	-4.2
	0.7

	
	
	40
	0.28
	12.44
	3.6
	0.8

	
	
	20
	0.22
	9.78
	7.5
	0.8

	960
	120
	160
	2.80
	15.56
	251.8
	73.0

	
	480
	80
	0.52
	11.56
	31.4
	6.8

	
	
	40
	0.40
	8.89
	39.2
	6.9

	
	
	20
	0.33
	7.33
	43.7
	6.6

	
	960
	80
	0.33
	14.67
	0.3
	0.6

	
	
	40
	0.21
	9.33
	8.1
	0.7

	
	
	20
	0.15
	6.67
	12.0
	0.7




[bookmark: _Ref95727611]Table 6 Proposed Te values when requirements are considered as having statistical nature 
	SSB SCS
	UL SCS
	
	Te*64*Tc
	Te % CP
	TMAR,BS (ns)
	TMAR,UE (ns)

	120
	120
	160
	3.50
	19.44
	206.3
	80.6

	240
	120
	160
	3.00
	16.67
	238.8
	73.0

	120
	480
	80
	0.90
	20.00
	6.6
	3.9

	
	
	40
	0.77
	17.11
	15.1
	3.7

	
	
	20
	0.71
	15.78
	19.0
	3.8

	480
	120
	160
	2.87
	15.94
	247.3
	73.1

	
	480
	80
	0.50
	11.11
	32.7
	3.9

	
	
	40
	0.37
	8.22
	41.1
	3.7

	
	
	20
	0.31
	6.89
	45.0
	3.8

	
	960
	80
	0.38
	16.89
	-2.9
	0.0

	
	
	40
	0.26
	11.56
	4.9
	0.1

	
	
	20
	0.20
	8.89
	8.8
	0.2

	960
	120
	160
	2.80
	15.56
	251.8
	73.0

	
	480
	80
	0.43
	9.56
	37.2
	3.8

	
	
	40
	0.31
	6.89
	45.0
	3.9

	
	
	20
	0.24
	5.33
	49.6
	3.6

	
	960
	80
	0.32
	14.22
	1.0
	0.2

	
	
	40
	0.19
	8.44
	9.4
	0.0

	
	
	20
	0.13
	5.78
	13.3
	0.1



[bookmark: _Toc95750274]Define Te requirements considering the Te calculation formula and the parameters below:
	
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	
	
	Non statistical nature
	Statistical nature
	Non statistical nature
	Statistical nature

	
	0.182
	0.22 
	0.20
	0.18
	0.16

	
	3
	3
	3
	5
	5

	
	160
	80
	80
	80
	80



[bookmark: _Toc95750275]RAN 4 to define Te requirements using the values on the table below: 
	
	
	
	Non statistical nature
	Statistical nature

	SSB SCS
	UL SCS
	
	Te*64*Tc
	Te % CP
	Te*64*Tc
	Te % CP

	120
	120
	160
	3.50
	19.44
	3.50
	19.44

	240
	120
	160
	3.00
	16.67
	3.00
	16.67

	120
	480
	80
	0.99
	22.00
	0.90
	20.00

	
	
	40
	0.86
	19.11
	0.77
	17.11

	
	
	20
	0.80
	17.78
	0.71
	15.78

	480
	120
	160
	2.87
	15.94
	2.87
	15.94

	
	480
	80
	0.59
	13.11
	0.50
	11.11

	
	
	40
	0.46
	10.22
	0.37
	8.22

	
	
	20
	0.40
	8.89
	0.31
	6.89

	
	960
	80
	0.40
	17.78
	0.38
	16.89

	
	
	40
	0.28
	12.44
	0.26
	11.56

	
	
	20
	0.22
	9.78
	0.20
	8.89

	960
	120
	160
	2.80
	15.56
	2.80
	15.56

	
	480
	80
	0.52
	11.56
	0.43
	9.56

	
	
	40
	0.40
	8.89
	0.31
	6.89

	
	
	20
	0.33
	7.33
	0.24
	5.33

	
	960
	80
	0.33
	14.67
	0.32
	14.22

	
	
	40
	0.21
	9.33
	0.19
	8.44

	
	
	20
	0.15
	6.67
	0.13
	5.78



[bookmark: _Toc95750276]SSB availability for the UE
Regarding the SSB availability, it was discussed to include multiple Te requirements for multiple XSSB. Considering these, it is reasonable to assume that X can be smaller than 160 ms. Considering clock precision of 0.1 PPM, and DL reference signal periodicity of 80 ms, our calculation shows that there is enough margin in order to define feasible Te requirements as shown in Table 2 and Table 3. 
[bookmark: _Toc95750277]A small XSSB implies in small period between SSBs large overhead and inefficient network resource usage and should be avoided. 
[bookmark: _Toc95750278]Adopt at least SSB availability of XSSB=80 ms.  
[bookmark: _Toc95750279]Adopt at SSB availability of XSSB=[80 40] ms for Te requirements with 480 kHz and 960 kHz SCS.  

MRTD requirements
The latest agreements on MRTD reached in RAN4 101-bis-e are shown below [2]: 
	Basic principles
· Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· For sync cases: MRTD = TAE + propagation delay difference
· FFS whether and how to change the MRTD definition, so that it could be larger than 0.5 slot.
Propagation delay difference
· For FR2-2 and FR2-2, there is no propagation delay difference 
MRTD for intra-band non-contiguous CA
· The MRTD requirement for intra-band non-contiguous NR CA need to continue waiting for the TAE conclusion from RF group.




Agreements from BS RF regarding TAE [13]
	2.1	TAE
-	Inter-band CA: 3us.
-	Contiguous intra-band CA (baseline assumption): 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS. RAN4 will make final decision on February RAN4#102-e meeting.
-	Non-contiguous intra-band CA: [260 ns]. (Note: Whether the requirement need to be specified in Rel-17 specification pending on further confirmation whether NC CA is within Rel-17 scope).
-	MIMO: Option 1 baseline assumption; RAN4 will make final decision on February RAN4#102-e meeting.
-	Option 1: 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS.
-	Option 2: 32.5 ns for 480 kHz, 16.25 ns for 960kHz SCS.




Considering the latest RF agreements with [260 ns] for non-contiguous intra-band CA, the RRM room can already agree on the MRTD values depending on that agreement. 
RAN4 has agreed on RAN4 101-bis-e on the TAE value for non-contiguous intra-band CA as [260 ns]. 
[bookmark: _Toc95750280]RAN4 to agree on MRTD value for non-contiguous intra-band CA of [260 ns] for FR2-2. 

Considering the other values for MRTD, we understand that we should reuse the CA and NR-DC values that are already refined between FR1 and FR2-1. 
[bookmark: _Toc92468883][bookmark: _Toc95750281]For Inter-band synchronous NR carrier aggregation between FR1 and FR2-2 reuse the existing MRTD requirements for FR1 and FR2-1 as 
[bookmark: _Toc95750282]Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


[bookmark: _Toc95750283]For Inter-band synchronous NR-DC between FR1 and FR2-2 reuse the existing MRTD requirements for FR1 and FR2-1 as:
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	33



[bookmark: _Ref85201904]	Table 7 Summary of existing MRTD requirements in 38.133 and interpolation of MRTD for FR2-2 considering existing rules
	 
	 
	 
	 
	 
	MRTD (us)

	Intra/inter band
	Scenario
	FR
	Sync/async
	TAE (us)
	15
	30
	60
	120
	480
	960

	Inter-band
	EN-DC
	-
	synchronous
	 
	33

	 
	 
	-
	asynchronous
	 
	500
	250
	125
	62.5
	Not included in the deployment scenarios

	 
	NE-DC
	-
	synchronous
	 
	33

	 
	 
	-
	asynchronous
	 
	500
	250
	125
	62.5
	Not included in the deployment scenarios 

	 
	NR-DC
	FR1 - FR1
	synchronous
	 
	33

	 
	 
	FR2-1 - FR2-1
	synchronous
	3
	8

	 
	 
	FR1 - FR2-1
	synchronous
	
	33

	 
	 
	FR2-2 - FR2-2
	synchronous
	
	Not included in the deployment scenarios

	
	
	FR1 – FR2-2
	synchronous
	
	33

	 
	CA
	FR1
	
	3
	33

	 
	 
	FR2-1 - FR2-1
	
	3
	8

	 
	 
	FR1 - FR2-1
	
	 
	25

	 
	 
	FR2-2 - FR2-2
	 
	
	Not included in the deployment scenarios

	 
	 
	FR1 - FR2-2
	 
	 
	25

	Intra-band
	EN-DC
	
	synchronous
	 
	3

	 
	 
	 
	asynchronous
	 
	500
	250
	125
	62.5
	NA
	NA

	 
	non-contiguous CA
	FR1
	 
	3
	3

	 
	 
	FR2-1
	
	0.26
	0.26

	 
	 
	FR2-2
	 
	Note 1
	[0.26]

	NOTE 1: 	TAE is agreed as [260 ns] for FR2-2 in the RF room [13] R4-2203016, WF on BS RF Tx requirements, Nokia.
NOTE 2: 	FR2-2 values are interpolated considering the existing rules for the definition of MRTD requirements.





[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: 
Channel fading impact on upper bounds for Te
Observation 1: When TDLA30 and TDLA20, are considered, 90% of the channel energy is concentrated in taps with delay smaller than 65 and 43 ns.
Observation 2: For TDLA channels 81.5% of the energy of the taps is contained on taps occurring with a delay smaller than the channel delay spread.
Proposal 1: Consider TCH as the delay of the tap with 90% accumulated energy of TDLA30 for 480 kHz and TDLA20 for 960 kHz SCS.
Lower bound calculation for Te values
Observation 3: From UE perspective, the boundaries for Te can be determined considering the DL timing detection accuracy eRS and the expected clock drift eDRIFT.
Proposal 2: Choose Te such that the condition eRS+eDRIFT<Te<(TCP-TCH-TAC,Q)/2  holds, where eRS is the DL timing estimation accuracy, eDRIFT is the clock drift for the reference signal periodicity, TCP is the CP length, TCH is the delay of the tap with 90% accumulated energy of TDLA30 for 480 kHz and TDLA20 for 960 kHz SCS, TAC,Q is the timing advance command step.
PUSCH performance impact on Te
Observation 4: UL timing errors larger than 25% of the CP length can cause UL demodulation performance degradation of 4.5 dB for 480 kHz SCS and 14 dB for 960 kHz SCS with TDLA10 channel.
Proposal 3: RAN4 to define UL timing accuracy requirements with Te < 22% of CP length
SSB and UL signals combinations for Te requirements
Observation 5: Some companies identified that it is technically challenging to meet feasible Te requirements for the combination of 960 kHz SCS in UL and 120 kHz SCS for the SSB.
Proposal 4: RAN4 to define Te requirements for the following combinations of SSB and UL SCS:
     -SSB 120 kHz, UL 120 kHz
     -SSB 120 kHz, UL 480 kHz
     -SSB 480 kHz, UL 120 kHz
     -SSB 480 kHz, UL 480 kHz
     -SSB 480 kHz, UL 960 kHz
     -SSB 960 kHz, UL 120 kHz
     -SSB 960 kHz, UL 480 kHz
     -SSB 960 kHz, UL 960 kHz
Te dimensioning guidelines
Proposal 5: For 120 kHz SCS with 480 kHz and 960 kHz SCS used by SSB, consider improvement on DL detection timing due to wider SSB for the Te requirements.
Proposal 6: Te requirements with multiple SSB availability periods are applicable to all the UEs.
Observation 6: Increasing the SSB SCS spacing improves the UE margin for the Te accuracy.
Observation 7: Reduction on the SSB availability interval XSSB improves the UE margin for the Te accuracy.
Proposal 7: Increase of the SSB SCS should be translated in the calculation of the Te requirements.
Proposal 8: Reduction on the availability of SSB should be translated in the calculation of the Te requirements.
Proposal 9: Determine the Te requirements using the formula:
    
    -where
            -κ=64;
            -μ and μSSB are the numerologies for UL signals and SSB;
            -XSSB is the SSB availability in ms;
           -μSSB,min is the minimum numerology used for the SSB for μ
           -XSSB,max is the maximum SSB availability specified for μ;
           - α controls the baseline Te value in relation to the CP length
           - Tc is the basic timing unit defined in TS 38.211
Statistical nature of Te RRM performance requirements
Observation 8: RAN5 specify that at least 33 test runs are used for performance requirements with statistical nature, and the UE has to pass 90% of the test runs.
Observation 9: Existing Te RRM performance requirements are not considered as of statistical nature.
Observation 10: Consideration of Te requirements as of statistical nature is equivalent to relaxing the Te requirement.
Proposal 10: Te requirements and classification of statistical test should be discussed together.
Proposal 11: If RAN4 agrees that Te requirements are classified as statistical, smaller Te values should be specified.
Te requirements proposals
Proposal 12: Define Te requirements considering the Te calculation formula and the parameters below:
	
	120 kHz SCS
	480 kHz SCS
	960 kHz SCS

	
	
	Non statistical nature
	Statistical nature
	Non statistical nature
	Statistical nature

	
	0.182
	0.22 
	0.20
	0.18
	0.16

	
	3
	3
	3
	5
	5

	
	160
	80
	80
	80
	80



Proposal 13: RAN 4 to define Te requirements using the values on the table below:
	
	
	
	Non statistical nature
	Statistical nature

	SSB SCS
	UL SCS
	
	Te*64*Tc
	Te % CP
	Te*64*Tc
	Te % CP

	120
	120
	160
	3.50
	19.44
	3.50
	19.44

	240
	120
	160
	3.00
	16.67
	3.00
	16.67

	120
	480
	80
	0.99
	22.00
	0.90
	20.00

	
	
	40
	0.86
	19.11
	0.77
	17.11

	
	
	20
	0.80
	17.78
	0.71
	15.78

	480
	120
	160
	2.87
	15.94
	2.87
	15.94

	
	480
	80
	0.59
	13.11
	0.50
	11.11

	
	
	40
	0.46
	10.22
	0.37
	8.22

	
	
	20
	0.40
	8.89
	0.31
	6.89

	
	960
	80
	0.40
	17.78
	0.38
	16.89

	
	
	40
	0.28
	12.44
	0.26
	11.56

	
	
	20
	0.22
	9.78
	0.20
	8.89

	960
	120
	160
	2.80
	15.56
	2.80
	15.56

	
	480
	80
	0.52
	11.56
	0.43
	9.56

	
	
	40
	0.40
	8.89
	0.31
	6.89

	
	
	20
	0.33
	7.33
	0.24
	5.33

	
	960
	80
	0.33
	14.67
	0.32
	14.22

	
	
	40
	0.21
	9.33
	0.19
	8.44

	
	
	20
	0.15
	6.67
	0.13
	5.78



SSB availability for the UE for Te requirements
Observation 11: A small XSSB implies in small period between SSBs large overhead and inefficient network resource usage and should be avoided.
Proposal 14: Adopt at least SSB availability of XSSB=80 ms.
Proposal 15: Adopt at SSB availability of XSSB = [80 40] ms for Te requirements with 480 kHz and 960 kHz SCS.
MRTD requirements
Proposal 16: RAN4 to agree on MRTD value for non-contiguous intra-band CA of [260 ns] for FR2-2.
Proposal 17: For Inter-band synchronous NR carrier aggregation between FR1 and FR2-2 reuse the existing MRTD requirements for FR1 and FR2-1 as
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


Proposal 18: For Inter-band synchronous NR-DC between FR1 and FR2-2 reuse the existing MRTD requirements for FR1 and FR2-1 as:
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	33
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