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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#97-e, a WF was approved “WF on timing text proposal to TR” and captured in the technical report TR 38.808 [1,2]. In particular it was decided to evaluate improvements for transient times, to keep cell-phase synchronization and consider UE timing advance requirements, as well as UE initial access timing error limit in relation to SCS selection.
	…
Currently transient times for UE is 5 us in FR2. For base stations it is 3 us in FR2. It was concluded during the SI, that possible improvements for transient times should be evaluated and the final agreement for transient time requirements shall be made during the work item. 
…
High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency. As network has control over guard period, motivation to re-visit cell-phase synchronization was not found during the SI.
…
The PHY-layer specifications for UE timing advance are defined to be scalable with SCS, i.e. the update granularity becomes more accurate when SCS increases. Similar behaviour exists in timing advance requirements. Overall, it is necessary to consider UE timing advance requirements, including UE initial access timing error limit, BS controlled timing advance and UE autonomous timing adjustment requirements during work item, taking into account the SCS selection. 




Furthermore, in RAN#90-e the WID was updated [3]. In the updated WID it was decided to specify new SCS, 480 kHz and 960 kHz, both optional for the UE and study, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, besides 120 kHz.
	…
In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), New numerology or numerologies (µ value in 38.211) for operation in this frequency range for data and control channels and reference signals, only NCP supported. Addressing impact on physical signals/channels if any, as identified in the SI. 
Note: Except for timing line  related aspects, a common design framework shall be adopted for 480kHz to 960kHz
…
Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
…
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.



2	BS and UE transients
In this section, we will consider the transients, from two pints of view. The main topic is timing considerations in the form of guard period dimensioning, but we will also show some aspects related to UE RF requirements.
2.1	Guard Period Dimensioning
There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [4,5] and can be summarised in the dimensioning equation for TDD, Equation 1 below:
[bookmark: _Hlk60048006][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 1 below.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 1. 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.
In the approved WF and TP for TR [1,2] we have “High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency”. The examples in tables Table 1 and Table 2 are calculated from Equation 1. We keep the overhead and guard period time exactly as for FR2 with SCS = 120 kHz (with switch point periodicity = 10 slots). 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%



Table 2: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	960
	16
	139
	1,4%

	960
	20
	474
	1,8%

	960
	24
	809
	2,1%



Observation 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. 
[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 [4,5]. 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 2: The shorter cell radii of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
[bookmark: _Hlk60065459]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 3: Existing BS and UE transients and agreed 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.
Starting from observation 5, there are a few factors we can consider: 
a) If do not need we need low latency and low overhead, at the same time, then we are fine. 
b) If we do need low latency and low overhead, at the same time, then the first step is to lower UE transients to 3 µs, since Equation 1 has max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off)) as terms and TBS = 3 µs and TUE = 5 µs in FR2. 
c) Consider TBS = 2 µs and TUE = 2 µs, if TBS = 3 µs and TUE = 3 µs does not achieve the desired low latency and low overhead.
Observation 4: If both low latency and low overhead, are needed, at the same time then we consider first UE transients down to existing FR2 BS transients of 3 µs, as the first action, lower both UE and BS transients below 3 µs as second priority action. 
2.2	UE RF Transients
In section 2.1 we showed that Guard Period Dimensioning can be managed with BS and UE transients similar to FR2, unless we need low latency and low overhead, at the same time. However on the UE side the power management situation is complex, with many other cases to consider, besides Guard Period Dimensioning. In the FR2, UE RF specification [6], this is one and the same UE transient value for all cases. 
In section 2.1, the Guard Period Dimensioning timing was considered and quite long transient times can be tolerated for that case. However, we also have the case of not being at a TDD UL/DL switch point and the mask in Figure 2 covers all those cases as well.
[image: ]
Figure 2. General ON/OFF time mask for NR UL transmission in FR2.
The PRACH time mask stipulates transients before and after the PRACH. This is another case to consider.
[image: ]
Figure 3. PRACH ON/OFF time mask.
For the SRS time mask, when power change between consecutive SRS transmissions is required, then Figure 6 and Figure 7 apply. Since the symbol time for SCS = 480 kHz is 2.23 µs and the symbol time for SCS = 960 kHz is 1.12 µs, then a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols respectively. 

[image: ]
Figure 4: Single SRS time mask for NR UL transmission

[image: ]
Figure 5: Consecutive SRS time mask for the case when no power change is required

[image: ]
Figure 6. Consecutive SRS time mask for the case when power change is required and when 60kHz SCS is used in FR2.
[image: ]
Figure 7. Consecutive SRS time mask for the case when power change is required and when 120kHz SCS is used in FR2.
For PUSCH-PUCCH and PUSCH-SRS time masks the existing UE RF specification [6] stipulates that the SRS is protected, insofar that the transient is designed to hit the PUSCH and the PUCCH slots. Since a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols for SCS = 480 kHz and SCS = 960 kHz, respectively, this case is similar to the SRS time mask.
[image: ]
Figure 6. PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS.
Observation 5: Since the symbol time for SCS = 480 kHz is 2.23 µs and the symbol time for SCS = 960 kHz is 1.12 µs, then a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols respectively. This would lead to blanking of symbols for SRS and PUSCH-PUCCH and SRS cases.
Proposal 1: Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, for TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. The cases of SRS time mask and PUSCH-PUCCH and SRS time mask have to be investigated in UE RF session.
3 	UE transmit timing and timing advance
In RAN#90-e the WID was updated [3]. In the updated WID it was decided to specify new SCS, 480 kHz and 960 kHz for data/control channels, both optional for the UE and study, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, besides 120 kHz.
One important aspect of specifying new SCS, 480 kHz and 960 kHz is UL timing accuracy in the form of initial UE timing error requirements and timing advance accuracy. There will be no UL throughput gain stepping up to SCS = 480 or SCS = 960 kHz, unless initial UE timing error requirements and timing advance accuracy scales inversely proportional to SCS. The existing requirements are in Table 3 and Table 4. They show not even in existing requirements scale properly.
[bookmark: _Ref52893408][bookmark: _Ref52906186]Table 3: Current initial UL timing error requirements [7]
	[bookmark: _Hlk60074730]Frequency Range
	SCS of SSB signals (kHz)
	SCS of UL signals (kHz)
	Te 
(Ts=64Tc)

	1
	15
	15
	12

	
	
	30
	10

	
	
	60
	10

	
	30
	15
	8

	
	
	30
	8

	
	
	60
	7

	2
	120
	60
	3.5

	
	
	120
	3.5

	
	240
	60
	3

	
	
	120
	3



[bookmark: _Ref52891934]Table 4: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [7])
	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 %



3.1	Initial UL timing error
Table 5 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: _Hlk60074798]Table 5: 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 3 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 6: 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 in order to keep the error as percent of 1/SCSSSB close to the minimum in current specifications (0.5%), the UL SCS should be no greater than 4 times the SSB SCS. In other words, for 480 and 960 kHz SCS, the SSB SCS should be 120 and 240 kHz, respectively.
[bookmark: _Toc48670603]Observation 6: A higher UL SCS puts tighter requirements on UE initial timing accuracy (Te) in absolute terms (i.e., in units of Ts).
Observation 7: To support 960 kHz SCS for UL data/control, support for 240 kHz SSB is beneficial in order to maintain close to the same minimum relative Te as for FR2 in Rel-15, i.e., 0.5% of 1/SCSSSB.
3.2	Timing advance adjustment accuracy
For the case of UE Timing Advance adjustment accuracy in Table 4, scaling is proportional at SCS = 120 kHz (but not at SCS = 30 kHz and SCS = 60 kHz). 
[bookmark: _Hlk60074759]Table 7: UE Timing Advance adjustment accuracy (Table 7.3.2.2-1 in [7])
	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 8: 
[bookmark: _Ref47000773]Table 8: UE Extrapolated Timing Advance adjustment accuracy for 52.6 GHz to 71 GHz range
	UL Sub Carrier Spacing(kHz)
	480
	960

	UE Timing Advance adjustment accuracy
	±8 Tc
	±4 Tc

	Percent of UL CP
	± 2.8 %
	± 2.8 %



3.3 	An example
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 for the example 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 9: 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 9, 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 9, the UE related timing errors become quite 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 9). We note that this does not account for delay spread. 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. For the case of 480 kHz SCS, the  requirements are somewhat less strict, but still demanding. 
Observation 8: 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 the example of SCS = 960 kHz.
Observation 9: 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 2: Capture the following observation in TR 38.808: A higher UL SCS puts tighter requirements on UE UL timing.
4	Conclusion
Observation 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. 
Observation 2: The shorter cell radii of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
Observation 3: Existing BS and UE transients and agreed 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 4: If both low latency and low overhead, are needed, at the same time then we consider first UE transients down to existing FR2 BS transients of 3 µs, as the first action, lower both UE and BS transients below 3 µs as second priority action. 
Observation 5: Since the symbol time for SCS = 480 kHz is 2.23 µs and the symbol time for SCS = 960 kHz is 1.12 µs, then a UE transient time of 5 µs corresponds to 2.2 and 4.5 symbols respectively. This would lead to blanking of symbols for SRS and PUSCH-PUCCH and SRS cases.
Proposal 1: Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, for TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. The cases of SRS time mask and PUSCH-PUCCH and SRS time mask have to be investigated in UE RF session.
Observation 6: A higher UL SCS puts tighter requirements on UE initial timing accuracy (Te) in absolute terms (i.e., in units of Ts).
Observation 7: To support 960 kHz SCS for UL data/control, support for 240 kHz SSB is beneficial in order to maintain close to the same minimum relative Te as for FR2 in Rel-15, i.e., 0.5% of 1/SCSSSB.
Observation 8: 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 the example of SCS = 960 kHz.
Observation 9: 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 2: Capture the following observation in TR 38.808: A higher UL SCS puts tighter requirements on UE UL timing.
References
[1] [bookmark: _Ref508638450][bookmark: _Ref3386619]R4-2016927, WF on timing text proposal to TR, Nokia, Nokia Shanghai Bell.
[2] TR 38.808 v1.0.0, Study on supporting NR from 52.6 GHz to 71 GHz.
[3] [bookmark: _Hlk52794126]RP-202925, Revised WID: on Extending current NR operation to 71 GHz, CMCC.
[4] R4-1701084, TP for NR Rel-14 TR 38.803: TDD timing budget, Ericsson, ZTE.
[5] R4-165898, TDD ON/OFF switching for mm wave systems, Ericsson.
[6] TS 38.101-2, User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone
[7] TS 38.133 Requirements for support of radio resource management
Annex:		Text proposal
================================== start of addition to TR ==================================
[bookmark: _Toc56754113][bookmark: _Toc57035418][bookmark: _Toc57036034][bookmark: _Toc57038149][bookmark: _Toc57038274][bookmark: _Toc57038818]4.2.2	Timing considerations
During the study item timing aspects were evaluated with to goal of providing observations and guidance on which technical topics need to be considered in the work item phase when timing related requirements are agreed. The evaluated topics were cell phase synchronization, base station timing alignment error, analog beam switching delay, UE timing advance operation and transient periods. 
Currently transient times for UE is 5 us in FR2. For base stations it is 3 us in FR2. It was concluded during the SI, that possible improvements for transient times should be evaluated and the final agreement for transient time requirements shall be made during the work item. Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, during TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. 
Guard period is also related to cell phase synchronization as for overlapping cells, synchronization error needs to be taken into account as it contributes to the possibility of BS-to-BS and UE-to-UE interference. Due to smaller cell sizes in this frequency cells compared to lower frequencies and therefore shorter propagation delays possibility of such interference is reduced. Higher SCS provides more opportunities to achieve optimal configuration for with minimal overhead when compared to lower SCS due to the reduced symbol duration. It should be noted that extremely low latencies are not required in all use cases, e.g. if the optimization target is achieving high throughput. High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency.  As network has control over guard period, motivation to re-visit cell-phase synchronization was not found during the SI.
The PHY-layer specifications for UE timing advance are defined to be scalable with SCS, i.e. the update granularity becomes more accurate when SCS increases. Similar behaviour exists in timing advance requirements. Overall, it is necessary to consider UE timing advance requirements, including UE initial access timing error limit, BS controlled timing advance and UE autonomous timing adjustment requirements during work item, taking into account the SCS selection.

================================== end of addition to TR ==================================
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