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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In the WF [1] the following was stated regarding UL initial time accuracy:
	…
1.2.1 UE transmit timing error
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
...



Regrading MRTD/MTTD we have the following:
	...
1.2.2 MRTD

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.
MRTD for FR1 and FR2-2 inter-band CA
· The MRTD requirements for FR2 inter-band CA is only applicable for FR2-1. For the MRTD requirements for inter-band NR carrier aggregation, update Table 7.6.4-2 for FR2-2 as 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

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	TBD 

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


MRTD for FR1 and FR2-2 NR DC - Synchronous
· The MRTD requirements for FR2 +FR2 inter-band CA is only applicable for FR2-1+FR2-1. For the MRTD requirements for inter-band synchronous NR DC, update Table 7.6.6-1 for FR2-2 as below:
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
	TBD



MRTD for FR1 and FR2-2 NR DC – Asynchronous
· Reuse the existing MRTD requirements for FR1 and FR2-1, that is, half the slot length with respect to the larger SCS of the MCG and SGC cells.
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	480
	15.625

	960
	7.8125



1.2.3 MTTD
Basic principles
· FFS: Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA resolution error cc1 + TA adjustment accuracy cc1 + UL transmit error cc1) + (TA resolution error cc2 + TA adjustment accuracy cc2 + UL transmit error cc2)
MTTD for FR1 and FR2-2 inter-band CA
· The MTTD requirements for FR2 inter-band CA is only applicable for FR2-1. For the MTTD requirements for inter-band NR carrier aggregation, update Table 7.5.4-1 for FR2-2 as below:
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

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	TBD 

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



MTTD for FR1 and FR2-2 NR DC – Synchronous
· The MTTD requirements for FR2 +FR2 inter-band CA is only applicable for FR2-1+FR2-1. For the MTTD requirements for inter-band synchronous NR DC, update Table 7.5.6-1 for FR2-2 as below:
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	TBD



MTTD for FR1 and FR2-2 NR DC - Asynchronous
· The MTTD requirements for inter-band asynchronous NR DC shall the half of slot length. For the MTTD requirements for inter-band asynchronous NR DC, update Table 7.5.6-2 for FR2-2 as below:
Table 7.5.6-2 Maximum uplink transmission timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in Pcell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum uplink transmission timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	15.625

	960
	7.8125


…



In this contribution we discuss UE initial timing error and MRTD/MTTD.
2	Discussion
2.1 	UE initial timing error Te
If we include drift due to SSB periodicity and UE UL frequency error (, we get:


Since  and upper bound for  becomes:

We use  for SCS = 480 kHz and  for SCS = 960 kHz, from WF.
We use SSB period = 80 ms, since worst case in WF.
 
Then we get upper bounds:
	
	
	
	
	
	
	Upper Bound
	

	SSB SCS
 (kHz)
	UL SCS
(kHz)
	CP UL (s)
	CH (s)
	T_AC_Q (s)
	SSB_period_err (s)
	Te (ns)
	Te (Ts)
	UL CP %

	120
	480
	1,46E-07
	3,00E-08
	1,63E-08
	8,00E-09
	4,21E-08
	1,29
	29%

	120
	960
	7,32E-08
	2,00E-08
	8,14E-09
	8,00E-09
	1,46E-08
	0,45
	20%

	480
	120
	5,86E-07
	3,00E-08
	6,51E-08
	8,00E-09
	2,37E-07
	7,29
	41%

	480
	480
	1,46E-07
	3,00E-08
	1,63E-08
	8,00E-09
	4,21E-08
	1,29
	29%

	480
	960
	7,32E-08
	2,00E-08
	8,14E-09
	8,00E-09
	1,46E-08
	0,45
	20%

	960
	120
	5,86E-07
	2,00E-08
	6,51E-08
	8,00E-09
	2,42E-07
	7,45
	41%

	960
	480
	1,46E-07
	3,00E-08
	1,63E-08
	8,00E-09
	4,21E-08
	1,29
	29%

	960
	960
	7,32E-08
	2,00E-08
	8,14E-09
	8,00E-09
	1,46E-08
	0,45
	20%



Table 1: Upper bounds
We would like Te requirement to fulfill some reasonable properties:
1. Te decrease when SSB BW increase.
2. Te decrease when UL SCS increase
The existing table in TS 38.133 fulfill these properties (Table 7.1.2-1):
	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 2: Te Timing Error Limit
If we apply the principles above, 1) Te decrease when SSB BW increase and 2) Te decrease when UL SCS increase then we get:
[image: ]
Table 3: Upper bounds

The yellow areas deviate from the upper bound due to the following reasons:
· For (480,120) Te should be smaller than Te = 3 Ts for SSB = 240 kHz in existing specificateion in Table 2..
· For (480,480) Te should be smaller than Te = 1,29 Ts for (120,480) according to upper bound in Table 1.
· For (960,480) Te should be smaller than Te = 1,29 Ts for (480,480) according to upper bound in Table 1.
Proposal 1: Adopt Te for FR2-2 according to:
	SSB SCS
 (kHz)
	UL SCS
(kHz)
	Te (Ts)

	120
	480
	1,29

	120
	960
	0,45

	480
	120
	2,00

	480
	480
	1,00

	480
	960
	0,45

	960
	120
	1,50

	960
	480
	1,00

	960
	960
	0,45



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.






TAE = [260 ns] for non-contiguous intra band has been approved in BS RF section, in brackets [2] 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.
TAE = 3 µs for inter band CA band has been approved in BS RF section [2]. 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. It is an important observation that to be able to reuse FR2-1 sites, for FR2-2 sites, then MRTD has to be unchanged, since the new sites will have the same distance to FR1 site as FR2-1. 
Observation 1: It is an important observation that to be able to reuse FR2-1 sites, for FR2-2 sites, then MRTD has to be unchanged, since the new sites will have the same distance to FR1 site as FR2-1. 
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.
Based on MRTD requirements we get the following MTTD requirements as well:
Proposal 5: MTTD = 8.5 µs for FR2-2 CA inter band. 
Proposal 6: MRTD = 26.1 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 synchronous EN-DC in FR2-1:
	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


…



TAE = 3 µs for inter band CA band has been approved in BS RF section [2]. We propose to reuse existing NR CA MRTD requirements. It is an important observation that to be able to reuse FR2-1 sites, for FR2-2 sites, then MRTD has to be unchanged, since the new sites will have the same distance to FR1 site as FR2-1. 
[bookmark: _Hlk92110428]Proposal 7: MRTD = 33 µs for inter-band asynchronous NR-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
Based on MRTD requirements we get the following MTTD requirements as well:
Proposal 8: MTTD = 34.1 µs for inter-band asynchronous NR-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
3	Summary
Proposal 1: Adopt Te for FR2-2 according to:
	SSB SCS
 (kHz)
	UL SCS
(kHz)
	Te (Ts)

	120
	480
	1,29

	120
	960
	0,45

	480
	120
	2,00

	480
	480
	1,00

	480
	960
	0,45

	960
	120
	1,50

	960
	480
	1,00

	960
	960
	0,45



Proposal 2: MRTD = 0.26 µs for non-contiguous intra band CA in FR2-2.
Observation 1: It is an important observation that to be able to reuse FR2-1 sites, for FR2-2 sites, then MRTD has to be unchanged, since the new sites will have the same distance to FR1 site as FR2-1. 
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: MTTD = 8.5 µs for FR2-2 CA inter band. 
Proposal 6: MRTD = 26.1 µs for inter band carrier aggregation between FR1 and FR2-2.
Proposal 7: MRTD = 33 µs for inter-band asynchronous NR-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
Proposal 8: MTTD = 34.1 µs for inter-band asynchronous NR-DC, for SCG SCS = 480 kHz and SCG SCS = 960 kHz.
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SSB SCS

 (kHz)

UL SCS

(kHz) CP UL (s) CH (s) T_AC_Q (s) SSB_period_err (s) Te (ns) Te (Ts) UL CP % Comment

120 480

1,46E-07 3,00E-08 1,63E-08 8,00E-09 4,21E-08 1,29 29%

120 960

7,32E-08 2,00E-08 8,14E-09 8,00E-09 1,46E-08 0,45 20%

480 120 5,86E-07 3,00E-08 6,51E-08 8,00E-09 2,37E-07 2,00 11%< Te = 3 for SSB=240

480 480

1,46E-07 3,00E-08 1,63E-08 8,00E-09 4,21E-08 1,00 22%< Te =1,29 for (120,480)

480 960

7,32E-08 2,00E-08 8,14E-09 8,00E-09 1,46E-08 0,45 20%

960 120 5,86E-07 2,00E-08 6,51E-08 8,00E-09 2,42E-07 1,50 8%< Te = 2 for (480,120)

960 480

1,46E-07 3,00E-08 1,63E-08 8,00E-09 4,21E-08 1,00 22%< Te = 1 for (480,480)

960 960

7,32E-08 2,00E-08 8,14E-09 8,00E-09 1,46E-08 0,45 20%


