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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In WF on numerologies for FS_NR_52_to_71GHz it was agreed to evaluate the feasibility of timing requirements, from a RAN4 perspective, as part of the evaluation of Sub-Carrier Spacing (SCS) [1].
	· Sub-Carrier Spacing
· Further evaluation on feasibility of SCS from 120 kHz to 960 kHz in the next meeting.
· Companies are encouraged to evaluate feasibility from RAN4 perspective, i.e.,
· EVM
· Timing requirement
· Etc.
· FFS on 1920 kHz



In this contribution we make some observations and proposals regarding RRM time and synchronization impact, in particular Cell Phase Synchronization, UE transmit timing and Timing advance, related to supporting NR from 52.6 to 71 GHz [2].
2	General synchronization considerations
There are good reasons to consider before generally mandating stricter TDD cell phase sync. The Cell Phase Synchronization requirement is connected to In Service Performance, operator expansion and maintenance cost, among other aspects. 
1. Generally, the synchronization between nodes does not get easier due to a higher carrier frequency. 
2. We need to consider margins needed for holdover for system availability, stricter Cell Phase Synchronization also means less holdover margin. Especially for high availability, a large portion of the total timing budget is reserved for hold-over operation e.g. in case of GNSS jamming when timing is maintained by the base station internal oscillator. The amount of margin reserved for hold-over depends on a combination of internal oscillator stability and required hold-over duration (which relates to availability). Naturally if tighten the Antenna Reference Point (ARP) timing error, the budget for holdover also decreases. This means less holdover duration for the same clock source (or that a more capable and expensive oscillator will be needed to maintain the same holdover time). 



[bookmark: _Ref47525875][bookmark: _Hlk46942110]Figure 1. Example of total ARP total timing budget.
3. Stricter TDD Cell Phase Synchronization requirement would mean that one cannot share already existing NR FR1/FR2 and LTE infrastructure and installations for synchronization.
4. Higher frequency generally means smaller cells and thereby a need for reduced product and installation cost
5. Requiring Telecom PTP backhaul or local GNSS sync receiver installation can be expensive.
6. Some deployments do not necessarily have free sky view like indoor or urban canyons
So, since cost, complexity and system availability are critical, a stricter cell phase sync really needs to be investigated and motivated, before any change is made for the 52.6 to 71 GHz range. 
Observation 1: For discussion around synchronization requirements, a holistic and complete view of the complete ARP timing budget must be considered. Today a large part today is assigned for hold-over operation.
Observation 2: Stricter TDD Cell Phase Synchronization requirement would mean that one cannot share already existing NR FR1/FR2 and LTE infrastructure and installations for synchronization.
3 TDD dimensioning
There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [3,4] and can be summarised in the dimensioning equation for TDD, Equation 1 below:
[bookmark: _Hlk47117873][bookmark: _Hlk47616958]TGUARD ≥ 2* TSync + 2*Tprop_cell_edge +max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off))
[bookmark: _Ref46942364]Equation 1: The dimensioning equation for TDD
[bookmark: _Hlk46942868]Where TGUARD is the total guard period assigned to the system, TSync is the	 Cell Phase Synchronization requirement, Tprop_cell edge is the cell radius and TBS onè off, TUE offè on, TBS offè on and TUE onè off are the transmitter transient periods from TS 38.104 and TS 38.101. TGUARD = TAoffset + TDL_UL as per Figure 2 below.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 2. TDD Guard Periods at base station.
We can use Equation 1 to investigate Cell Phase Synchronization, in relation to other requirements in the equation:
1. If one assumes that cells in the frequency range of 52.6 GHz to 71 GHz are smaller than for lower frequency bands, then Tprop_cell edge in Equation 1 becomes smaller and the need for TGUARD decreases and overhead is reduced.
2. The reduced TGUARD, because of smaller cells, could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. In FR2, the parameters TBS and TUE from Equation 1 have the values TBS = 3 µs and TUE = 5 µs.
The examples in tables Table 1 are calculated from Equation 1. In Table 1 three different guard periods were picked and the cell radii calculated using Equation 1 as Tprop_cell_edge * c/2, where c is speed of light and Tprop_cell_edge traverse the cell diameter (hexagonal pattern). The overhead is defined as time for guard period divided by total time over the switch period.
[bookmark: _Ref47118122]Table 1: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS (kHz)
	T_Guard (symbols)
	Cell Radius (m)
	Overhead

	480
	8
	139
	1,4%

	480
	10
	474
	1,8%

	480
	12
	809
	2,1%



Observation 3: The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
[bookmark: _Hlk52796234]The overhead in Table 1 increase with cell size, since we need to add guard period for the propagation time between aggressor base station and victim base station [3,4]. The frequency range of 52.6 to 71 GHz will not cater for the longest ranges in table Table 1, more likely will be ranges according to the first and second row (Cell radius = 139 m and 474 m). This will reduce overhead.
Observation 4: The shorter cell radii of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
The existing overhead in Table 1 for cell radius = 139 m and 474 m. of 1.4 % and 1.8 % remain quite low, even with existing TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, for a reasonable cell radius in 52.6 to 71 GHz, if we keep the same switch period (in absolute time) as for SCS = 120 kHz. It is only the case where we need both very low latency and low overhead, which remains to be analyzed further. If the switch point periodicity goes from 40 slots to 20 slots and even 10 slots, then the overhead in Table 1 goes from 1.4 % and 1.8 % at 40 slots, to 2.8 – 3.6 % and 5.6 – 7.2 % for 20 and 10 slots, respectively. Given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Observation 5: Existing BS and UE transients and Cell Phase Synchronization requirements TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, results in low overhead, 1.4 % and 1.8 %, for reasonable cell ranges of 140 meters up to 500 meters and the same switch point periodicity (in absolute time) as for SCS = 120 kHz. If the switch point periodicity increases, then overhead increases, but given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
If all the points 1 and 2 above are considered and we still need less TGUARD then stricter Cell Phase Synchronization must be judged against cost, complexity and system availability (the holdover time in section 2.1). However, before doing that we have to consider the following important fact:
3. The Cell Phase Synchronization requirement, TSync in Equation 1, is only defined for cells which are overlapping:  
“Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas” [5].
Point number 3 is important. If a system operating in the 52.6 GHz to 71 GHz range could ensure that cells or groups of cells are isolated (non-overlapping), then the interference protection offered by the Cell Phase Synchronization requirement through Equation 1 is not needed. Such isolation could be achieved by physical separation, or the use of the fact that milli-meter wave frequency range is characterised by high propagation loss and directional transmission and reception, from the use of large antenna arrays. Highly directional signal transmission is less likely to interfere other nodes even in the close vicinity, except for the nodes that lie directly in the transmission beam coverage [6]. Clustered and isolated nodes might only need a relative synchronicity in-between and no absolute common timing reference as needed between operators etc. 
Observation 6: The Cell Phase Synchronization requirement, TSync in Equation 1, is only needed and defined for cells which are not isolated (overlapping). 
Observation 7: Isolation could be achieved by physical separation, or the use of the fact that milli-meter wave frequency range is characterised by high propagation loss and directional transmission and reception, from the use of large antenna arrays. 
Finally, since a large part of TSync (Cell Phase Synchronization) is holdover margin (Figure 1), we could keep the input synchronization and operational limits and have less margin for holdover, under certain conditions:
4. We work in the time domain and add more TGUARD dynamically, as synchronicity degrades during holdover. This will prolong holdover time at the expense of symbols used for data. This can be used under emergency conditions or for sites deployed in constrained synchronization accuracy environments.
Observation 8: It Is possible to work in the time domain and add more TGUARD dynamically, as synchronicity degrades during holdover. This will prolong holdover time at the expense of symbols used for data.
4 	UE transmit timing and Timing advance
Interference management through Cell Phase Synchronization, isolation, or highly directional signal transmission is just one aspect. UE transmit timing and Timing advance are needed to manage UL interference. So far, symbol duration and Cyclic Prefix (CP) have scaled inversely proportional to Sub Carrier Spacing (SCS). However, already in existing specification, the uplink timing accuracy does not scale with shorter symbol times due to higher Sub Carrier Spacing (SCS). This is shown in, Table 2 and 4. Table  displays Te ,initial UL timing error requirements from 38.133, where the table has been augmented with two columns for percent of 1/SCSSSB and percent of UL CP, as in [7]. Table 4 shows the timing advance adjustment accuracy.
[bookmark: _Ref52893408][bookmark: _Ref52906186][bookmark: _Ref46999927]Table 2: Current initial UL timing error requirements
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of UL signals (kHz)
	Te 
(Ts=64Tc)
	Percent of 
1/SCSSSB
	Percent of 
UL CP

	1
	15
	15
	12
	0.6 %
	8 %

	
	
	30
	10
	0.5 %
	14 %

	
	
	60
	10
	0.5 %
	28 %

	
	30
	15
	8
	0.8 %
	6 %

	
	
	30
	8
	0.8 %
	11 %

	
	
	60
	7
	0.7 %
	19 %

	2
	120
	60
	3.5
	1.4 %
	10 %

	
	
	120
	3.5
	1.4 %
	19 %

	
	240
	60
	3
	2.3 %
	8 %

	
	
	120
	3
	2.3 %
	17 %



From Table 2 we can make the following observations: 
· For FR1, the timing error requirement Te scales with 1/SCSSSB as expected, but this is not the case for FR2. 
· The error is in general below 20% of the UL CP, except for the case of 15kHz SSB and 60kHz UL. Note that this is not including all the possible errors, like TA setting error and only refers to Te part.
· The error is always larger than 0.5% of 1/SCSSSB  

According to our understanding, the reason that the timing error requirement Te doesn’t scale with 1/SCSSSB for FR2 is that due to UE internal interfaces there are limits on how accurately the UL timing can be set. For FR2, this limit dominates over the UE’s ability to estimate the timing, thus the error saturates at around 3 Ts.
Next we try to extrapolate the requirements to the 52.6-71 GHz range under the assumption that the error should be less than 20% of the UL CP.
Table 3: Extrapolated initial UL timing error requirements
	Frequency Range 
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te 
(Ts=64Tc)
	Percent of 
1/SCSSSB
	Percent of 
UL CP

	52.6-71 GHz
	120
	240
	1.8
	0.7 %
	20 %

	
	
	480
	0.9
	0.4 %
	20 %

	
	
	960
	0.5
	0.2 %
	20 %

	
	240
	240
	1.8
	1.4 %
	20 %

	
	
	480
	0.9
	0.7 %
	20 %

	
	
	960
	0.5
	0.4 %
	20 %



Based on this extrapolation exercise, we can observe that the required absolute error Te, is much lower than the minimum 3Ts for FR2. In addition, the requirement becomes tighter as the UL SCS increases. We can also observe that to keep the error as percent of 1/SCSSSB above the minimum in current specifications (0.5%), the UL SCS cannot be more than twice that of the SSB SCS, which is satisfied using 240 kHz for SSB and 480 kHz maximum for UL signals.
In addition, it should be noted that the CP also needs to cater for other UL timing errors such as timing advance-adjustment accuracy and resolution, which also need to scale with the UL SCS.
[bookmark: _Toc48670603]Observation 9: A higher UL SCS puts tighter requirements on UE initial timing accuracy.
For the case of UE Timing Advance adjustment accuracy in Table 4, scaling is proportional at SCS = 120 kHz (but not at SCS = 15 kHz and SCS = 60 kHz). 
[bookmark: _Ref52891934]Table 4: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [5])
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	Percent of UL CP
	± 2.8 %
	± 5.5 %
	± 5.5 %
	± 2.8 %



If we complete the table for FR2 and then extrapolate for possible SCS for the 52.6 GHz to 71 GHz range, we get Table 5: 
[bookmark: _Ref47000773]Table 5: UE Extrapolated Timing Advance adjustment accuracy for 52.6 GHz to 71 GHz range
	UL Sub Carrier Spacing(kHz)
	(240)
	480
	960

	UE Timing Advance adjustment accuracy
	±16 Tc
	±8 Tc
	±4 Tc

	Percent of UL CP
	± 2.8 %
	± 2.8 %
	± 2.8 %



To understand the challenges in supporting a larger SCS such as 960 kHz, it is important to consider not only initial UL timing error and timing advance adjustment accuracy, but also  all other uncertainties to give the complete picture. A straightforward and simple first quick rough analysis of SCS = 960 kHz illustrates the challenges. If we take SCS = 15 kHz and scale requirements inversely proportional to SCS = 960 kHz we arrive at the following:
[bookmark: _Ref54204240]Table 6: UL timing errors
	
	 
	Comment 

	Ratio 960k/15k
	64
	 

	Scaled Te 
	16.276 ns (0.5 Ts = 32 Tc)
	 Table 3

	Scaled TA setting error
	2.035 ns (4 Tc)
	 256*Tc/64 (Table 5)

	Scaled TA resolution error scaling
	4.069 ns (8 Tc)
	 ±(16*Ts/2)/64 
= ±(TA_step@15 kHz/2)/64

	Sum 
	22.3796 ns (44 Tc)
	 

	Sum/CP
	31%
	

	

	Margin for channel change(s) assuming zero delay spread
	50.8626 ns
	CP @ 960 kHz – Sum = 
= 144*64*Tc/64 – Sum

	One-way channel change budget assuming zero delay spread 
	7.63 m
	Margin for channel change(s) * c / 2

	Margin for channel change(s) assuming 20 ns delay spread 
	30.8626 ns
	CP @ 960 kHz – Sum – 20ns= 
= 144*64*Tc/64 – Sum – 20ns

	One-way channel change budget assuming 20 ns delay spread 
	4.63 m
	Margin channel change*c/2


[bookmark: _Hlk47530854]
In Table 6, we assume scaling of allowed UE uncertainties to be linear from SCS = 15 kHz to SCS = 960 kHz. Note that in existing FR1 and FR2 there is a non-linear scaling of some requirements result in that some SCS combinations have large uplink errors in terms of fraction of CP. As can be seen from Table 6, the UE related timing errors become very strict. If we look into the remaining part, the margin channel change (s) w/o Delay spread budget of 50.9 ns, this corresponds to 50.9 ns  * c meters = 15 meters of radio propagation (c = speed of light). This means that something corresponding ±7.6 meters can be handled between two TA control loop updates (last row in Table 6). Note that this is an unrealistically high value since no delay spread is included. Allocating a reasonably large part for channel delay spread, like 20 ns, we see that only very small cannel changes (±4.63 meters) can happen if we want to maintain uplink timing within CP. As can be seen in above table this also assumes new very strict TA related requirements. An SCS less than or equal to 480 kHz would make requirements less strict, but still demanding. 
Observation 10: Allocating a reasonably large part for channel delay spread we see that only very small cannel changes (small fractions of ±5 meters and even less) can happen if we want to maintain uplink timing within CP, for SCS = 960 kHz and higher.
Observation 11: Strict TA related requirements (for UE) are very important to maintain uplink timing within CP for high SCS. At SCS = 960 kHz requirements become very demanding. An SCS less than or equal to 480 kHz would make requirements less strict, but still demanding.
Proposal: Capture the following observation in TR 38.808: A higher UL SCS puts tighter requirements on UE UL timing and thus it is essential that the SCS selection and UE UL timing requirements are discussed jointly.
5	Conclusion
We propose to adopt the above mentioned text proposal for TR 38.808. It is the same as the discussion part with the observations and proposals listed normal text.
Observation 1: For discussion around synchronization requirements, a holistic and complete view of the complete ARP timing budget must be considered. Today a large part today is assigned for hold-over operation.
Observation 2: Stricter TDD Cell Phase Synchronization requirement would mean that one cannot share already existing NR FR1/FR2 and LTE infrastructure and installations for synchronization.
Observation 3: The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
Observation 4: The shorter cell radii of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
Observation 5: Existing BS and UE transients and Cell Phase Synchronization requirements TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, results in low overhead, 1.4 % and 1.8 %, for reasonable cell ranges of 140 meters up to 500 meters and the same switch point periodicity (in absolute time) as for SCS = 120 kHz. If the switch point periodicity increases, then overhead increases, but given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
Observation 6: The Cell Phase Synchronization requirement, TSync in Equation 1, is only needed and defined for cells which are not isolated (overlapping). 
Observation 7: Isolation could be achieved by physical separation, or the use of the fact that milli-meter wave frequency range is characterised by high propagation loss and directional transmission and reception, from the use of large antenna arrays. 
Observation 8: It Is possible to work in the time domain and add more TGUARD dynamically, as synchronicity degrades during holdover. This will prolong holdover time at the expense of symbols used for data.
Observation 9: A higher UL SCS puts tighter requirements on UE initial timing accuracy.
Observation 10: Allocating a reasonably large part for channel delay spread we see that only very small cannel changes (small fractions of ±5 meters and even less) can happen if we want to maintain uplink timing within CP, for SCS = 960 kHz and higher.
Observation 11: Strict TA related requirements (for UE) are very important to maintain uplink timing within CP for high SCS. At SCS = 960 kHz requirements become very demanding. An SCS less than or equal to 480 kHz would make requirements less strict, but still demanding.
Proposal: Capture the following observation in TR 38.808: A higher UL SCS puts tighter requirements on UE UL timing and thus it is essential that the SCS selection and UE UL timing requirements are discussed jointly.
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4.2	RAN4 aspects
4.2.1	General description of study in RAN4
4.2.2	Timing consideration
4.2.2.1	General synchronization considerations
There are good reasons to consider before generally mandating stricter TDD cell phase sync. The Cell Phase Synchronization requirement is connected to In Service Performance, operator expansion and maintenance cost, among other aspects. 
1.	Generally, the synchronization between nodes does not get easier due to a higher carrier frequency. 
2.	We need to consider margins needed for holdover for system availability, stricter Cell Phase Synchronization also means less holdover margin. Especially for high availability, a large portion of the total timing budget is reserved for hold-over operation e.g. in case of GNSS jamming when timing is maintained by the base station internal oscillator. The amount of margin reserved for hold-over depends on a combination of internal oscillator stability and required hold-over duration (which relates to availability). Naturally if tighten the Antenna Reference Point (ARP) timing error, the budget for holdover also decreases. This means less holdover duration for the same clock source (or that a more capable and expensive oscillator will be needed to maintain the same holdover time). 
[image: ]

Figure 4.2.2.1-1. Example of total ARP total timing budget.
3.	Stricter TDD Cell Phase Synchronization requirement would mean that one cannot share already existing NR FR1/FR2 and LTE infrastructure and installations for synchronization.
4.	Higher frequency generally means smaller cells and thereby a need for reduced product and installation cost
5.	Requiring Telecom PTP backhaul or local GNSS sync receiver installation can be expensive.
6.	Some deployments do not necessarily have free sky view like indoor or urban canyons
So, since cost, complexity and system availability are critical, a stricter cell phase sync really needs to be investigated and motivated, before any change is made for the 52.6 to 71 GHz range. 
For discussion around synchronization requirements, a holistic and complete view of the complete ARP timing budget must be considered. Today a large part today is assigned for hold-over operation. Stricter TDD Cell Phase Synchronization requirement would mean that one cannot share already existing NR FR1/FR2 and LTE infrastructure and installations for synchronization.
4.2.2.2 TDD dimensioning
There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [x.6, x.7] and can be summarised in the dimensioning equation for TDD, Equation 4.2.2.2-1 below:
TGUARD ≥ 2* TSync + 2*Tprop_cell_edge +max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off))
Equation 4.2.2.2-1: The dimensioning equation for TDD
Where TGUARD is the total guard period assigned to the system, TSync is the	 Cell Phase Synchronization requirement, Tprop_cell edge is the cell radius and TBS onè off, TUE offè on, TBS offè on and TUE onè off are the transmitter transient periods from TS 38.104 and TS 38.101. TGUARD = TAoffset + TDL_UL as per Figure 4.2.2.2-2 below.
[image: ]
Figure 4.2.2.2-2. TDD Guard Periods at base station.
We can use Equation 4.2.2.2-1 to investigate Cell Phase Synchronization, in relation to other requirements in the equation:
1.	If one assumes that cells in the frequency range of 52.6 GHz to 71 GHz are smaller than for lower frequency bands, then Tprop_cell edge in Equation 4.2.2.2-1 becomes smaller and the need for TGUARD decreases and overhead is reduced.
2.	The reduced TGUARD, because of smaller cells, could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. In FR2, the parameters TBS and TUE from Equation 4.2.2.2-1 have the values TBS = 3 µs and TUE = 5 µs.
The examples in Table 4.2.2.2-1 are calculated from Equation 4.2.2.2-1. In Table 4.2.2.2-1 three different guard periods were picked and the cell radii calculated using Equation 4.2.2.2-1 as Tprop_cell_edge * c/2, where c is speed of light and Tprop_cell_edge traverse the cell diameter (hexagonal pattern). The overhead is defined as time for guard period divided by total time over the switch period.
Table 4.2.2.2-1: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS (kHz)
	T_Guard (symbols)
	Cell Radius
	Overhead

	480
	8
	139
	1,4%

	480
	10
	474
	1,8%

	480
	12
	809
	2,1%



The reduced TGUARD could be traded off with a higher UL/DL switch frequency (lower latency), compared to FR2 or more data (less overhead), again compared to FR2. 
The overhead in Table 4.2.2.2-1 increase with cell size, since we need to add guard period for the propagation time between aggressor base station and victim base station [x.6,x.7]. The frequency range of 52.6 to 71 GHz will not cater for the longest ranges in Table 4.2.2.2-1, more likely will be ranges according to the first and second row (Cell radius = 139 m and 474 m). This will reduce overhead. The shorter cell radii of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
The existing overhead in Table 4.2.2.2-1  for cell radius = 139 m and 474 m. of 1.4 % and 1.8 % remain quite low, even with existing TGUARD = 3 µs, TBS = 3 µs and TUE = 5 µs, for a reasonable cell radius in 52.6 to 71 GHz, if we keep the same switch period (in absolute time) as for SCS = 120 kHz. It is only the case where we need both very low latency and low overhead, which remains to be analyzed further. If the switch point periodicity goes from 40 slots to 20 slots and even 10 slots, then the overhead in Table 4.2.2.2-1 goes from 1.4 % and 1.8 % at 40 slots, to 2.8 – 3.6 % and 5.6 – 7.2 % for 20 and 10 slots, respectively. Given the amount of spectrum available in 52.6 to 72 GHz range, this is less critical.
If all the points 1 and 2 above are considered and we still need less TGUARD then stricter Cell Phase Synchronization must be judged against cost, complexity and system availability (the holdover time in section 4.2.2.1). However, before doing that we have to consider the following important fact:
3.	The Cell Phase Synchronization requirement, TSync in Equation 4.2.2.2-1, is only defined for cells which are overlapping:  
“Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas” [x.8].
Point number 3 is important. If a system operating in the 52.6 GHz to 71 GHz range could ensure that cells or groups of cells are isolated (non-overlapping), then the interference protection offered by the Cell Phase Synchronization requirement through Equation 4.2.2.2-1 is not needed. Such isolation could be achieved by physical separation, or the use of the fact that milli-meter wave frequency range is characterised by high propagation loss and directional transmission and reception, from the use of large antenna arrays. Highly directional signal transmission is less likely to interfere other nodes even in the close vicinity, except for the nodes that lie directly in the transmission beam coverage [x.9]. Clustered and isolated nodes might only need a relative synchronicity in-between and no absolute common timing reference as needed between operators etc. 
The Cell Phase Synchronization requirement, TSync in Equation 4.2.2.2-1 , is only needed and defined for cells which are not isolated (overlapping). Isolation could be achieved by physical separation, or the use of the fact that milli-meter wave frequency range is characterised by high propagation loss and directional transmission and reception, from the use of large antenna arrays. 
Finally, since a large part of TSync (Cell Phase Synchronization) is holdover margin (Figure 4.2.2.1-1), we could keep the input synchronization and operational limits and have less margin for holdover, under certain conditions:
4.	We work in the time domain and add more TGUARD dynamically, as synchronicity degrades during holdover. This will prolong holdover time at the expense of symbols used for data. This can be used under emergency conditions or for sites deployed in constrained synchronization accuracy environments.
It Is possible to work in the time domain and add more TGUARD dynamically, as synchronicity degrades during holdover. This will prolong holdover time at the expense of symbols used for data.
4.2.2.3 	UE transmit timing and Timing advance
Interference management through Cell Phase Synchronization, isolation, or highly directional signal transmission is just one aspect. UE transmit timing and Timing advance are needed to manage UL interference. So far, symbol duration and Cyclic Prefix (CP) have scaled inversely proportional to Sub Carrier Spacing (SCS). However, already in existing specification, the uplink timing accuracy does not scale with shorter symbol times due to higher Sub Carrier Spacing (SCS). This is shown in Tables 4.2.2.3-1 and Table 4.2.2.3-3. Table  4.2.2.3.1 displays Te ,initial UL timing error requirements from 38.133, where the table has been augmented with two columns for percent of 1/SCSSSB and percent of UL CP, as in [x.10]. Table 4.2.2.3-3 shows the timing advance adjustment accuracy.
Table 4.2.2.3-1: Current initial UL timing error requirements
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of UL signals (kHz)
	Te 
(Ts=64Tc)
	Percent of 
1/SCSSSB
	Percent of 
UL CP

	1
	15
	15
	12
	0.6 %
	8 %

	
	
	30
	10
	0.5 %
	14 %

	
	
	60
	10
	0.5 %
	28 %

	
	30
	15
	8
	0.8 %
	6 %

	
	
	30
	8
	0.8 %
	11 %

	
	
	60
	7
	0.7 %
	19 %

	2
	120
	60
	3.5
	1.4 %
	10 %

	
	
	120
	3.5
	1.4 %
	19 %

	
	240
	60
	3
	2.3 %
	8 %

	
	
	120
	3
	2.3 %
	17 %



From Table 4.2.2.3-1 we can make the following observations: 
· For FR1, the timing error requirement Te scales with 1/SCSSSB as expected, but this is not the case for FR2. 
· The error is in general below 20% of the UL CP, except for the case of 15kHz SSB and 60kHz UL. Note that this is not including all the possible errors, like TA setting error and only refers to Te part.
· The error is always larger than 0.5% of 1/SCSSSB  

According to our understanding, the reason that the timing error requirement Te doesn’t scale with 1/SCSSSB for FR2 is that due to UE internal interfaces there are limits on how accurately the UL timing can be set. For FR2, this limit dominates over the UE’s ability to estimate the timing, thus the error saturates at around 3 Ts.
Next we try to extrapolate the requirements to the 52.6-71 GHz range under the assumption that the error should be less than 20% of the UL CP.
Table 4.2.2.3-2: Extrapolated initial UL timing error requirements
	Frequency Range 
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te 
(Ts=64Tc)
	Percent of 
1/SCSSSB
	Percent of 
UL CP

	52.6-71 GHz
	120
	240
	1.8
	0.7 %
	20 %

	
	
	480
	0.9
	0.4 %
	20 %

	
	
	960
	0.5
	0.2 %
	20 %

	
	240
	240
	1.8
	1.4 %
	20 %

	
	
	480
	0.9
	0.7 %
	20 %

	
	
	960
	0.5
	0.4 %
	20 %



Based on this extrapolation exercise, we can observe that the required absolute error Te, is much lower than the minimum 3Ts for FR2. In addition, the requirement becomes tighter as the UL SCS increases. We can also observe that to keep the error as percent of 1/SCSSSB above the minimum in current specifications (0.5%), the UL SCS cannot be more than twice that of the SSB SCS, which is satisfied using 240 kHz for SSB and 480 kHz maximum for UL signals.
In addition, it should be noted that the CP also needs to cater for other UL timing errors such as timing advance-adjustment accuracy and resolution, which also need to scale with the UL SCS. A higher UL SCS puts tighter requirements on UE initial timing accuracy.
For the case of UE Timing Advance adjustment accuracy in Table 4.2.2.3-3, scaling is proportional at SCS = 120 kHz (but not at SCS = 15 kHz and SCS = 60 kHz). 

Table 4.2.2.3-3: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [x.8])
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	Percent of UL CP
	± 2.8 %
	± 5.5 %
	± 5.5 %
	± 2.8 %



If we complete the table for FR2 and then extrapolate for possible SCS for the 52.6 GHz to 71 GHz range, we get 4.2.2.3-4: 
Table 4.2.2.3-4: UE Extrapolated Timing Advance adjustment accuracy for 52.6 GHz to 71 GHz range
	UL Sub Carrier Spacing(kHz)
	(240)
	480
	960

	UE Timing Advance adjustment accuracy
	±16 Tc
	±8 Tc
	±4 Tc

	Percent of UL CP
	± 2.8 %
	± 2.8 %
	± 2.8 %



To understand the challenges in supporting a larger SCS such as 960 kHz, it is important to consider not only initial UL timing error and timing advance adjustment accuracy, but also  all other uncertainties to give the complete picture. A straightforward and simple first quick rough analysis of SCS = 960 kHz illustrates the challenges. If we take SCS = 15 kHz and scale requirements inversely proportional to SCS = 960 kHz we arrive at the following:
Table 4.2.2.3-5: UL timing errors
	
	 
	Comment 

	Ratio 960k/15k
	64
	 

	Scaled Te 
	16.276 ns (0.5 Ts = 32 Tc)
	 Table 4.2.2.3-2

	Scaled TA setting error
	2.035 ns (4 Tc)
	 256*Tc/64 (Table 4.2.2.3-4)

	Scaled TA resolution error scaling
	4.069 ns (8 Tc)
	 ±(16*Ts/2)/64 
= ±(TA_step@15 kHz/2)/64

	Sum 
	22.3796 ns (44 Tc)
	 

	Sum/CP
	31%
	

	

	Margin for channel change(s) assuming zero delay spread
	50.8626 ns
	CP @ 960 kHz – Sum = 
= 144*64*Tc/64 – Sum

	One-way channel change budget assuming zero delay spread 
	7.63 m
	Margin for channel change(s) * c / 2

	Margin for channel change(s) assuming 20 ns delay spread 
	30.8626 ns
	CP @ 960 kHz – Sum – 20ns= 
= 144*64*Tc/64 – Sum – 20ns

	One-way channel change budget assuming 20 ns delay spread 
	4.63 m
	Margin channel change*c/2



In Table 4.2.2.3-5, we assume scaling of allowed UE uncertainties to be linear from SCS = 15 kHz to SCS = 960 kHz. Note that in existing FR1 and FR2 there is a non-linear scaling of some requirements result in that some SCS combinations have large uplink errors in terms of fraction of CP. As can be seen from Table 4.2.2.3-5, the UE related timing errors become very strict. If we look into the remaining part, the margin channel change (s) w/o Delay spread budget of 50.9 ns, this corresponds to 50.9 ns  * c meters = 15 meters of radio propagation (c = speed of light). This means that something corresponding ±7.6 meters can be handled between two TA control loop updates (last row in Table 4.2.2.3-5). Note that this is an unrealistically high value since no delay spread is included. Allocating a reasonably large part for channel delay spread, like 20 ns, we see that only very small cannel changes (±4.63 meters) can happen if we want to maintain uplink timing within CP. As can be seen in above table this also assumes new very strict TA related requirements. An SCS less than or equal to 480 kHz would make requirements less strict, but still demanding. 
Allocating a reasonably large part for channel delay spread we see that only very small cannel changes (small fractions of ±5 meters and even less) can happen if we want to maintain uplink timing within CP, for SCS = 960 kHz and higher. Strict TA related requirements (for UE) are very important to maintain uplink timing within CP for high SCS. At SCS = 960 kHz requirements become very demanding. An SCS less than or equal to 480 kHz would make requirements less strict, but still demanding. 
A higher UL SCS puts tighter requirements on UE UL timing and thus it is essential that the SCS selection and UE UL timing requirements are discussed jointly.
================================== end of addition to TR ==================================
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