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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
The UE ON/OFF and OFF/ON time mask was agreed to be 5 µs in RAN4#100-e [1]. 
	…
· 480 and 960 kHz ON/OFF OFF/ON transient period
· Reuse FR2-1 5usec for all ON/OFF and OFF/ON for 480KHz and 960KHz SCS.
…



In this contribution we use this agreement to derive other UE timing requirements like [image: ]in TS 38.133 section 7.1.2, the minimum time between TDD transmit and receive and between receive and transmit. It is noted that this is called transition time  and  in TS 38.211 Table 4.3.2-3 and [image: ]in TS 38.133 table 7.1.2-2. 
Furthermore in WF on R17 NR_ext_to_71GHz_RRM_1, it is stated [2]:
	...
Issue 2-1-1: General principles in defining the Te requirements
GTW agreements:
· Further study percentage of UL CP length Te can occupy without impacting UL system performance?
· Option 1: Keep the Te within the same percentage of the CP length as existing SCS
· Option 2: 30%
· Option 3: 50%
· Further study achievable Te from UE perspective
· Study different combinations of SSB SCS and UL signal SCS for FR2-2 
...



We propose how to derive Te.
2	Discussion
2.1	The minimum time between TDD transmit and receive and between receive and transmit
In TS 38.133 section 7.1.2 we have:
	Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void


…



In TS 38.211 Table 4.3.2-3:
	
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


…



With a TDD frame structure like Figure 2-1, we can analyse the timing.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 2-1. TDD Guard Periods at base station.
It can be shown that if one analyze the UE to UE interference at the Down link to up link switching point we get according to Figure 2-1


Figure 2-1 UE to UE interference at the Down link to up link switching point 
From this it is possible to conclude that:
TDL_UL ≥ TSync +TUE off on + αNLOS *2*Tprop_cell edge
	
Where TDL_UL is the DL to UL switch time, TSync is Cell Phase Sync, TUE off on is the UE OFF/ON transient time and  αNLOS and Tprop_cell are related to the interference situation in the cell and the cell size. Since we deal with the minimum time we can put the Tprop_cell edge = 0 and get:
TDL_UL ≥ TSync +TUE off on
If we analyze the UE to UE interference at the Up link to Down link switching point we get, in the same way as above, that:
TAoffset ≥ TSync +TUE on off
Since TUE off on = TUE on off = 5 µs and TSync = 3 µs we get [image: ]= 5 µs + 3 µs = 8 µs. However in existing specification has [image: ]= 13792 Tc ≈ 7 µs. (In FR1 the mathematics work since we get TUE off on = TUE on off = 10 µs and TSync = 3 µs and TAoffset = 25600 Tc ≈ 13 µs).
Proposal 1: NTA Offset = 13792 Tc in TS 38.133 section 7.1.2.
We have an outstanding question in LS [2] regarding switching from DL to UL and Switching from UL to DL time.
Proposal 2: Answer LS R1-2102202 and that a switch time of 7 µs (13792 Tc) can be assumed, for UE and BS the switching from DL to UL and Switching from UL to DL.
2.2 	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 [4,5]:

In [4] it was pointed out that Te wihout 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 4: 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 [4] 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 5: 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 3: 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]
	



2.3	MRTD and MTTD
In WF on R17 NR_ext_to_71GHz_RRM_1, it is stated [2]:
	…
Agreements from the GTW
…
Issue 1-1-1: Deployment scenarios
GTW Agreement
· Define the requirements for the following deployment scenarios with equal priority:
· Standalone single carrier and CA in FR2-2
· FR2-2 CA and DC with anchor on FR1
· Note: the scenario may be further adjusted pending further discussion in the RF session
…



2.3.1 	MRTD and MTTD for NR CA
	…
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
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.




For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
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.


…
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2
	8.5 Note1

	Between FR1 and FR2
	26.1 

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



…



FR 2-2 CA will become intra band and existing intra band CA is assumed to be collocated. We know that MRTD = TAE + ΔRF_propagation, where ΔRF_propagation is the frame start timing difference at the UE. When colocation is assumed, then ΔRF_propagation = 0.
Proposal 4: FR 2-2 CA will become intra band and assumed to be collocated, as FR2-1 intra band CA.
Observation 2: The MRTD (and MTTD) requirements for FR2-2 CA depend on the agreed TAE value for FR 2-2 intra band CA.
The existing inter-band MRTD values for inter-band CA are valid up to FR 2-1, 26 GHz. It is proposed to keep MRTD for extension to 71 GHz inter band.
Proposal 5: Keep MRTD (and MTTD) for inter-band CA between FR1 and FR2-1 also for FR1 and FR2-2 inter-band CA.
Proposal 6: Keep MRTD (and MTTD) for intra-band CA FR1 also for FR2-2 intra-band CA.
2.3.2	MRTD and MTTD for NR DC
	…
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
	FR2
	8

	FR1
	FR2
	33



…
Table 7.6.6-2 Maximum receive timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5



…



The existing interband MRTD values for interband DC are valid up to FR 2-1, 26 GHz. It is proposed to keep MRTD for extension to 71 GHz inter band.
Proposal 7: Keep MRTD (and MTTD) from for inter-band DC between FR1 and FR2-1 also for FR1 and FR2-2 inter-band DC.
3	Summary
Proposal 1: NTA Offset = 13792 Tc in TS 38.133 section 7.1.2.
Proposal 2: Answer LS R1-2102202 and that a switch time of 7 µs (13792 Tc) can be assumed, for UE and BS the switching from DL to UL and Switching from UL to DL.

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 3: 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 4: FR 2-2 CA will become intra band and assumed to be collocated, as FR2-1 intra band CA.
Observation 2: The MRTD (and MTTD) requirements for FR2-2 CA depend on the agreed TAE value for FR 2-2 intra band CA.
Proposal 5: Keep MRTD (and MTTD) for inter-band CA between FR1 and FR2-1 also for FR1 and FR2-2 inter-band CA.
Proposal 6: Keep MRTD (and MTTD) for intra-band CA FR1 also for FR2-2 intra-band CA.
Proposal 7: Keep MRTD (and MTTD) from for inter-band DC between FR1 and FR2-1 also for FR1 and FR2-2 inter-band DC.
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