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Introduction
In this paper we provide our views on timing related requirements for FR2-2 namely Te , NTA offset, MRTD requirements 
Discussion
UE transmit timing
In our understanding, there are two components which define Te requirement: 
Te = Error_DL+ Margin_UL 
1) DL timing estimation and quantization error (Error_DL): downlink timing estimation error and quantization error due to the time chip granularity
2) UL transmission with RF margin (Margin_UL): RF margins on uplink transmission due to different frequency ranges and SCS
The Error_DL can be assumed as much as the quantization error, which is equivalent to the half time chip granularity. The time chip granularity can be derived from the sampling time interval on DL, which can be denoted as,
1/ (∆fmax*Nf),
where ∆fmax is SCS size and Nf is FFT size. 
In order to consider the worst case, we assume system BW is same as SSB BW and therefore the smallest FFT size is 256. Thus the Error_DL can be summarized as in following table,
Table 1. Error_DL 
	DL SCS(kHz)
	Min FFT size
	Sampling time interval
(64*Tc)
	Error_DL 
(64*Tc)

	120
	256
	1
	0.5

	240
	256
	0.5
	0.25

	480
	256
	0.25
	0.125

	960
	256
	0.125
	0.0625



For the Margin_UL value, in many cases it is a compromised value among companies and it’s difficult to find a rule to derive it.
With the Error_DL values in Table 1, we can accordingly derive the Margin_UL used for FR2 in Rel-15 by using “existing_Te - Error_DL”,
Table 2.  Margin_UL 
	DL SCS (kHz)
	UL SCS (kHz)
	Te Requirement in TS38.133 
(64*Tc)
	Margin_UL 
(64*Tc)

	120
	60
	3.5
	3

	
	120
	3.5
	3.25

	240
	60
	3
	2.875

	
	120
	3
	2.9375


Such Margin UL values around 3*64*Tc are unacceptable since they take 65% and 130% of the CP length for 480kHz and 960kHz SCS respectively.
Observation 1: Rel-15 Margin UL for FR2 can not be reused for high SCSs of FR2-2, since values around 3*64*Tc take 65% and 130% of the CP length for 480kHz and 960kHz SCS respectively

Below we would like to define some limitations on Te requirements. In Figure 1 gNB sets FFT window assuming ideal UL timing. With such FFT window setting there is no issue in case if we have positive UL timing offset, since we can use the part of CP. But in case of negative UL timing offset the part of FFT window is beyond OFDM symbol taking a portion of the next symbol and causing errors in demodulation.

	

Figure 1. FFT window position with respect to OFDM symbol under assumption of ideal UL timing



Practical implementation should take into account possible negative offset due UL timing error. In Figure 2 the FFT window is shifted back assuming the worst case of UL timing error which is Te. In this case the FFT window is always within one OFDM symbol. Such FFT window shift has the limitations – we need to keep some portion of CP to cope with multipath propagation. That means that the start of FFT window which is CP-Te should be later than Te+DS. This gives us Te < (CP-DS)/2
	

Figure 2. FFT window position with respect to OFDM symbol under assumption of existing UL timing error which is limited by Te.


In [2] the following typical DS values are considered for FR2-2: 5ns, 10ns, 20ns, 40ns. In Table 3 we have the summary on Te limits calculation for these DS values for SCSs 480kHz and 960kHz assuming the abovementioned Te < (CP-DS)/2. Considering that requirements should be defined based on the worst case we need to proceed with the values related to DS = 40ns. Following that we get Te < 0.51 for 960kHz and Te < 1.64 for 480kHz (in units of 64*Tc). Note that the obtained values are the upper bound of Te – the DS values used for that calculation are r.m.s values and the actual delay spread may be larger, so the Te requirements should be smaller. 

Table 3. Summary on Te limit
	SCS
	DS
	CP
	(CP-DS)/2
	64*Tc
	 
	%CP

	960kHz
	5
	73.44
	34.22
	1.05
	
	47

	
	10
	73.44
	31.72
	0.97
	
	43

	
	20
	73.44
	26.72
	0.82
	
	36

	
	40
	73.44
	16.72
	0.51
	
	23

	
	
	
	
	
	
	

	480kHz
	5
	146.88
	70.94
	2.18
	
	48

	
	10
	146.88
	68.44
	2.10
	
	47

	
	20
	146.88
	63.44
	1.95
	
	43

	
	40
	146.88
	53.44
	1.64
	
	36



In Table 4 we compare the obtained values of Te < 0.51 for 960kHz and Te < 1.64 for 480kHz (in units of 64*Tc), which is the upper limit of Te, with the DL error obtained earlier, which is the lower limit of Te . We can see that at least combination of SSB SCS = 120kHz with UL SCS = 960kHz need to be excluded from the requirements, since such values are unreachable 
Table 4. Range of possible values Te requirements
	DL SCS (kHz)
	UL SCS (kHz)
	Te (64*Tc)

	120
	480
	0.5 < Te < 1.64

	
	960
	0.5 < Te < 0.51

	480
	480
	0.125 < Te < 1.64

	
	960
	0.125 < Te < 0.51

	960
	480
	0.0625 < Te < 1.64

	
	960
	0. 0625 < Te < 0.51



Proposal 1: The Te requirements should be withing the range defined in Table 4
Proposal 2: The combination of SSB SCS = 120kHz with UL SCS = 960kHz need to be rolled out of the Te requirements.
MRTD/MTTD requirements
During RAN4 #100-e the following agreement was made [1]:
	· 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


Based on that agreements and on the fact that there is only one agreed band in FR2-2 for now (so no inter-band CA/DC within FR2-2) the following MRTD requirements need to be defined:
· MRTD requirement for intra-band non-contiguous NR CA within FR2-2
· MRTD requirement for inter-band NR CA between FR1 and FR2-2
· MRTD requirement for inter-band synchronous NR DC between FR1 and FR2-2
· MRTD requirement for inter-band asynchronous NR DC between FR1 and FR2-2
MRTD requirement for intra-band non-contiguous NR CA depend on the timing alignment error (TAE) at the BS. Current NR TAE requirements are based on the values which were defined as a portion of UMTS chip time almost 20 years ago [3]. There are proposals in RF room saying that that values are not actual now, so reusing the Rel-15 FR2 values is not reasonable for FR2-2 and the TAE requirements can be tightened. 
Proposal 3: Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
MRTD requirement for inter-band NR CA between FR1 and FR2 and inter-band synchronous NR DC between FR1 and FR2 depend on the deployment assumptions and are defined considering the maximum propagation delay difference between FR1 and FR2 cells signals. No specific limitations are expected for FR1+FR2-2 deployments comparing to legacy FR1+FR2 so there is no reason for reducing the MRTD requirements. 
Proposal 4: Rel-15 MRTD requirement for inter-band NR CA between FR1 and FR2 and inter-band synchronous NR DC between FR1 and FR2 can be applied for FR2-2
For the inter-band asynchronous NR-DC the MRTD requirements in Rel-15 are defined as half the slot length with respect to the larger SCS of the MCG and SGC cells. Extending the same approach to FR2-2 will give us the values of 15.625us and 7.8125us for 480kHz and 960kHz SCS respectively. These values are less than the requirements for synchronous NR-DC which are 33us. The largest values should be used in this case, so we propose to apply MRTD requirement for inter-band synchronous NR DC to the case of asynchronous NR-DC.
Proposal 5: Update Table 7.6.6-2 in TS 38.133 with 480/960 kHz subcarrier spacing as below
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

	480
	33

	960
	33



The MTTD requirements depend on the MRTD and UL transmission accuracy. The latter component depends on the UE transmit timing error which is not agreed yet.
Proposal 6: Wait for conclusions on MRTD and Te requirements before defining the MTTD requirements
NTA offset
The initial design of TA offset for TDD system is to avoid that the “early” DL transmission at one BS causes interference to its neighbor BS which is still in the UL reception [4].  Simply speaking, TA offset is guard period allocated for the BS UL to DL switch. The TA offset value can be determined as TA offset = TSync + TBS offon. The cell phase synchronization accuracy TSync is defined in TS38.133 equal to 3us and the BS off-on transition time (TBSoffon) defined in TS38.104 for FR2 is equal to 3us.
It is straightforward that NTA offset value is also limited by the transition time for UE switching UL to DL (TUE TX-RX). TUE TX-RX depends on the OFF to ON/ON to OFF transition time. In Rel-15 the OFF to ON/ON to OFF for FR2 UE is equal to 5us. Additionally, UE needs some time to prepare switching, so TUE TX-RX was defined equal to 7us.
During RAN4 #100-e meeting the following agreement was made on RF session 
For BS [5]
	The current FR2 BS [3] µs transient period should be applicable for NR operation in 52.6 – 71 GHz range.


and for UE [6]
	Agreement: Reuse FR2-1 5usec for all ON/OFF and OFF/ON for 480KHz and 960KHz SCS.


Based on that agreements all the parameters which define NTA offset remain unchanged comparing to Rel-15 FR2. That means that NTA offset value can also be reused for FR2-2.
Proposal 7: Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range.
Conclusion
In this paper we provide our views on timing related requirements for FR2-2. The following proposals were made:
Observation 1: Rel-15 Margin UL for FR2 can not be reused for high SCSs of FR2-2, since values around 3*64*Tc take 65% and 130% of the CP length for 480kHz and 960kHz SCS respectively
Proposal 1: The Te requirements should be withing the range defined in Table below
Range of possible values Te requirements
	DL SCS (kHz)
	UL SCS (kHz)
	Te (64*Tc)

	120
	480
	0.5 < Te < 1.64

	
	960
	0.5 < Te < 0.51

	480
	480
	0.125 < Te < 1.64

	
	960
	0.125 < Te < 0.51

	960
	480
	0.0625 < Te < 1.64

	
	960
	0. 0625 < Te < 0.51



Proposal 2: The combination of SSB SCS = 120kHz with UL SCS = 960kHz need to be rolled out of the Te requirements.
Proposal 3: Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
Proposal 4: Rel-15 MRTD requirement for inter-band NR CA between FR1 and FR2 and inter-band synchronous NR DC between FR1 and FR2 can be applied for FR2-2
Proposal 5: Update Table 7.6.6-2 in TS 38.133 with 480/960 kHz subcarrier spacing as below
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

	480
	33

	960
	33


Proposal 6: Wait for conclusions on MRTD and Te requirements before defining the MTTD requirements
Proposal 7: Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range.
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