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In the WF [1] the following was stated regarding UL initial time accuracy:
	
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.
· Percentage of UL CP length Te can occupy
· Option 1: 40% - 50%
· Option 2: 30% - 40%
· Option 3: <30%
· SSB and UL SCS combinations
· RAN4 to specify UL timing accuracy requirements for the following (SSB SCS, UL SCS) combinations
· 120, 120
· 480, 480
· 960, 960
· FFS whether to define requirements for 
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS




Regrading MRTD/MTTD we have the following:
	
MRTD/MTTD
· Basic principles – FFS
· Propagation delay
· FFS: Assumptions on propagation delay for FR2-2
· MRTD for intra-band non-contiguous CA
· Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
· MRTD for FR2-2 inter-band CA
· No requirements needed unless more bands are introduced in RF room
· MRTD for FR1 and FR2-2 inter-band CA – FFS
· MRTD for FR1 and FR2-2 NR DC
· FFS – Inter-band synchronous NR DC between FR1 and FR2-2
· Option 1: Use the existing requirements for FR1 and FR2-1 MRTD requirements
· Option 2: Specify shorter MRTD requirements
· Option 3: Wait for conclusions on TAE requirements
· FFS – Inter-band asynchronous NR DC between FR1 and FR2-2



In this contribution we discuss UE initial timing error and MRTD/MTTD.
2	Discussion
2.1 	UE initial timing error Te
It seems the goal in Rel-15 was to keep it under 20% (expect for (15,60)). 
	SSB SCS
	UL SCS
	Te
	UL CP

	15
	15
	12
	8%

	15
	30
	10
	14%

	15
	60
	10
	28%

	30
	15
	8
	6%

	30
	30
	8
	11%

	30
	60
	7
	19%

	120
	60
	3,5
	10%

	120
	120
	3,5
	19%

	240
	60
	3
	8%

	240
	120
	3
	17%


Table 1: Te Timing Error Limit
The existing Te values were a function of SSB BW and UE margin [2,3]:

In [2] it was pointed out that Te without any margin is inverse of the DL BW of the signals used for timing estimation. Table 4 provides the values of Te expressed in time unit Ts and Tc without any margin for different SCS and BW of SS/PBCH. 
[bookmark: _Hlk498695662]Table 2: Timing Error (Te) without margin for timing estimation based on SS/PBCH BW
	SCS of SS/PBCH (KHz)
	SS/PBCH (MHz)
	Minimum Timing Error without margin (Te)

	
	
	Ts
	Tc (1 Ts = 64 Tc)

	15
	3.6 MHz
	4.2
	273

	30 
	7.2 MHz
	2.1
	137

	60 
	14.4 MHz
	1.07
	68.3

	120 
	28.8 MHz
	0.53
	34

	240 
	57.6 MHz
	0.26
	17

	480
	115.2 MHz
	0.13
	8.5

	960
	230.4 MHz
	0.067
	4.3



The margin as derived in [2] is about 6.31 Ts for SCS = 15 kHz. We can now add rows for SSB SCS = 480 kHz and SSB SCS = 960 kHz. The final values of Te can also be rounded off upwards while talking into account the BS impact.
Table 3: Timing Error (Te) with margin for timing estimation based on SS/PBCH BW

	SCS of SS/PBCH (KHz)
	SS/PBCH (MHz)
	Margin for Te (Ts)
	Timing Error (Te) with margin

	
	
	
	Linearly scaled margin (Ts)
	Rounded off values (Ts)

	15
	3.6 MHz
	6.311
	10.6
	11

	30 
	7.2 MHz
	3.2
	5.29
	6

	60 
	14.4 MHz
	1.6
	2.64
	3

	120 
	28.8 MHz
	0.8
	1.32
	1.5

	240 
	57.6 MHz
	0.4
	0.66
	0.75

	480
	115.2 MHz
	0.2
	0.23
	0.25

	960
	230.4 MHz
	0.1
	0.167
	0.17










Plugin into a Te table we get:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	1
	15
	15
	12*64*Tc
	8%

	
	
	30
	10*64*Tc
	14%

	
	
	60
	10*64*Tc
	28%

	
	30
	15
	8*64*Tc
	6%

	
	
	30
	8*64*Tc
	11%

	
	
	60
	7*64*Tc
	19%

	2-1
	120
	60
	3.5*64*Tc
	10%

	
	
	120
	3.5*64*Tc
	19%

	
	240
	60
	3*64*Tc
	8%

	
	
	120
	3*64*Tc
	17%

	2-2
	120
	480
	1.5*64*Tc
	33%

	
	120
	960
	1.5*64*Tc
	66%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

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



The 33% and 66% of UL CP is too high. If we accept the highest historical margin of 28 % we get:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	1
	15
	15
	12*64*Tc
	8%

	
	
	30
	10*64*Tc
	14%

	
	
	60
	10*64*Tc
	28%

	
	30
	15
	8*64*Tc
	6%

	
	
	30
	8*64*Tc
	11%

	
	
	60
	7*64*Tc
	19%

	2-1
	120
	60
	3.5*64*Tc
	10%

	
	
	120
	3.5*64*Tc
	19%

	
	240
	60
	3*64*Tc
	8%

	
	
	120
	3*64*Tc
	17%

	2-2
	120
	480
	1.3*64*Tc
	28%

	
	120
	960
	0.63*64*Tc
	28%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

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



Observation 1: The combination of SSB SCS = 120 kHz and UL SCS = 960 kHz is with a proposed Te =  0.63*64*Tc get very small margin.
Proposal 1: Te 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	2-2
	120
	480
	1.3*64*Tc
	28%

	
	120
	960
	0.63*64*Tc
	28%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

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



2.2	MRTD and MTTD
Since FR2-1 is defined for 24.25 GHz to 52.6 GHz, we propose to reuse, with some modification, the MRTD and MTTD values for FR2-2 range 52.6 GHz to 71 GHz.
2.2.1 	MRTD for NR CA
In existing TS 38.133 section 7 we have the requirements below for non-contiguous intra band CA and inter-band CA in FR2-1:
	
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



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
	8 note1

	Between FR1 and FR2
	25 

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






In section 2.1 we propose TAE = 260 ns for non-contiguous intra band CA and since non-contiguous intra band CA is assumed to be collocated we keep that assumption in FR2-2. Then MRTD = TAE = 260 ns.
[bookmark: _Hlk92110607]Proposal 2: MRTD = 0.26 µs for non-contiguous intra band CA in FR2-2.
In section 2.1 we propose TAE = 3 µs for inter band CA. Since we also want to reuse the RF delta propagation assumptions in FR2.1 and between FR1 and FR2-1 we get MRTD = 8 µs for FR2-2 inter band and MRTD = 25 µs for inter band carrier aggregation between FR1 and FR2-2.
Proposal 3: MRTD = 8 µs for FR2-2 CA inter band. 
Proposal 4: MRTD = 25 µs for inter band carrier aggregation between FR1 and FR2-2.
2.2.2	MRTD for NR DC
In existing TS 38.133 section 7 we have the requirements below for inter-band asynchronous EN-DC and inter-band synchronous EN-DC in FR2-1:
	
Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note2
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	For E-UTRA FDD-NR FDD intra-band EN-DC, for which the requirement is defined in clause 7.6.3 and this Table 7.6.2-1 is also applicable, the scenario with 120 kHz does not exit.



Table 7.6.2.1-1: Maximum receive timing difference requirement for inter-band synchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note1)
	Maximum receive timing difference (µs)

	15
	15
	33

	15
	30
	

	15
	60
	

	15
	120
	

	Note 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.







Given that we propose TAE = 3 µs for inter-band CA for FR2-2, as in FR2-1, we propose to reuse existing NR CA MRTD requirements, with one modification. For inter-band asynchronous EN-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz we propose to cap MRTD to 33 µs as proposed by Intel in [4]. 
	DL Sub-carrier spacing of cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120Note2
	62.5

	480
	33

	960
	33



[bookmark: _Hlk92110428]Proposal 5: MRTD = 33 µs for inter-band asynchronous EN-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
Proposal 6: MRTD = 33 µs for inter-band synchronous EN-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
3	Summary
Observation 1: The combination of SSB SCS = 120 kHz and UL SCS = 960 kHz is with a proposed Te =  0.63*64*Tc get very small margin.
Proposal 1: Te 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	UL CP (%)

	2-2
	120
	480
	1.3*64*Tc
	28%

	
	120
	960
	0.63*64*Tc
	28%

	
	480
	120
	0.25*64*Tc
	1.3%

	
	480
	480
	0.25*64*Tc
	5%

	
	480
	960
	0.25*64*Tc
	11%

	
	960
	120
	0.17*64*Tc
	1%

	
	960
	480
	0.17*64*Tc
	4%

	
	960
	960
	0.17*64*Tc
	7%

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



Proposal 2: MRTD = 0.26 µs for non-contiguous intra band CA in FR2-2.
Proposal 3: MRTD = 8 µs for FR2-2 CA inter band. 
Proposal 4: MRTD = 25 µs for inter band carrier aggregation between FR1 and FR2-2.
Proposal 5: MRTD = 33 µs for inter-band asynchronous EN-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
Proposal 6: MRTD = 33 µs for inter-band synchronous EN-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
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