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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
[bookmark: _Hlk78553689]In RAN4 #98 bis the WF, R4-2107972, WF on 60 GHz Time-related issues, Apple, was approved [1]. 
2	Discussion
2.1 	RX -TX and TX -RX beam switching and TX ON-OFF transient period
The WF states:
	· WF RX -TX and TX -RX beam switching
· For NR operation in the 52.6 – 71 GHz range, the Rx-Tx and Tx-Rx transition time shall reuse the FR2 value of 13792 Tc. (7.015 usec) for 120 kHz SCS
· FFS for Rx-Tx and Tx-Rx transition time for 480/960 kHz SCS
… 
· WF TX ON-ON and TX ON-OFF transient period
· Re-use UE transient time from current FR2 for 120 kHz SCS
· FFS on UE transient time for 480/960 kHz SCS



There is a relation between switching time, synchronization error, allowed guard period and cell size. This is outlined in earlier contributions [2,3] and can be summarised in the dimensioning equation for TDD, Equation 2.1-1 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 2.1-1: 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 2.1-2 below.


[bookmark: _Ref46942251][bookmark: _Ref46942246]Figure 2.1-2. TDD Guard Periods at base station.
We can use Equation  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  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  have the values TBS = 3 µs and TUE = 5 µs.
In the approved WF and TP for TR [4,5] 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 Table 2.1-1 and Table 2.1-2 are calculated from Equation . 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  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 2.1-1: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 40 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	480
	8
	50
	1,4%

	480
	10
	363
	1,8%

	480
	12
	675
	2,1%



Table 2.1-2: TBS = 3 µs, TUE = 5 µs, TSync = 3 µs, switch point periodicity = 80 slots
	SCS
	T_Guard (symbols)
	Cell Radius
	Overhead

	960
	16
	50
	1,4%

	960
	20
	363
	1,8%

	960
	24
	675
	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 increase with cell size, since we need to add guard period for the propagation time between aggressor base station and victim base station [2,3]. The frequency range of 52.6 to 71 GHz will not cater for the longest ranges in tables 2.1-1 and 2.1-2, more likely will be ranges according to the first and second row (Cell radius = 50 m and3634 m). This will reduce overhead.
Observation 2: The shorter cell radius of 52.6 to 71 GHz will limit overhead, since guard period is lower for smaller cells.
[bookmark: _Hlk60065459]The existing overhead in Tables 2.1-1 and 2.1-2  for cell radius = 50 m and 363 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 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 3, 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. 
If the, switch point periodicity is longer, like in Tables 2.1-1 with 40 ms and Table 2.1-2 with 80 ms switch point periodicity, then any loss due to longer UE or BS transients, will occur less frequently. We can control the loss with the switch point periodicity.
Observation 5: If the transient periods are long in relation to a symbol, then this will incur a loss of symbols, but we can control the loss with the switch point periodicity. 
Proposal 1: Keep the FR2 UE TDD ON/OFF and OFF/ON transients (13792 Tc (=7.015 µsec)) for extension to 71 GHz WI.
2.2 	Other Timing requirements for extending NR operation to 71GHz
According to [6], the issues of impact of higher SCS on RRM requirements were agreed: 
	· Define new RRM requirements due to higher data/SSB SCS for at least the following topics:
· Timing
· UE transmit timing
· Timing advance (TA)
· Interruptions
· Active BWP switching delay
· Measurement gaps
· Interruption time
· Study impact on RRM requirements due to higher SSB SCS for at least the following topics:
· Intra-frequency measurement
· Inter-frequency measurement
· Other RRM requirements, if identified are not precluded.



Te and TA:
The UE initial transmit timing error (Te) and TA adjustment accuracies are defined as function of SCS. They are shown below from TS 38.133. Both Te and TA will be shorter for larger SCS. They can easily be defined for SCS (e.g. 480 kHz and 960 kHz) applicable for 52.6 – 71 GHz.
Proposal 2: In response to adding additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP, in this sense, combination of  CSC of SSB and uplink signals needs to be checked and Te will be decided based on check results. 
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	
	480
	TBD

	
	
	960
	TBD

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	
	
	480
	TBD

	
	
	960
	TBD

	
	480
	60
	TBD

	
	
	120
	TBD

	
	
	480
	TBD

	
	
	960
	TBD

	
	960
	60
	TBD

	
	
	120
	TBD

	
	
	480
	TBD

	
	
	960
	TBD

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]




Proposal 3: Add SCS (480kHz, 960kHz) in UE Timing Advance adjustment accuracy
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±8 Tc
	±4 Tc




MRTD and MTTD:
The MRTD and MTTD are applicable for FR1, FR2 or between FR1 and FR2. An example is shown below from TS 38.133. For SCS (e.g., 480 kHz and 960 kHz) applicable for 52.6 – 71 GHz, the MRTD and MTTD may be shorter. In this case, the conclusion further differentiation can be made based on SCS.
Proposal 4: The conclusion in previous 3GPP meeting: scaling MRTD/MTTD with increasing SCS will severely restrict the CA deployment options isn’t valid due to higher SCS in 52.6 – 71 GHz.
Proposal 5: For MTTD, existing FR2 cannot cover higher SCS according to the rationale of existing definitions including FR2. More options for SCS of the pair of TAGs are required. 
· Minimum Requirements for inter-band EN-DC
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(SCS ≤120KHz)
	8.5 Note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	26.1 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for NR Carrier Aggregation
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(SCS ≤120KHz)
	8.5 Note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	26.1 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [7].
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(SCS ≤120KHz)
	FR2(SCS ≤120KHz)
	8.5

	FR1
	FR2(SCS ≤120KHz)
	34.1

	FR1
	FR2(120KHz<SCS≤ 960KHz)
	TBD

	FR2(SCS ≤120KHz)
	FR2(120KHz<SCS≤ 960KHz)
	TBD




Proposal 6: For MRTD, existing FR2 cannot cover higher SCS according to the rationale of existing definitions including FR2. More options for Frequency Range of the pair of TAGs are required.
· Minimum Requirements for inter-band EN-DC
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(SCS ≤120KHz)
	8 note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and SCS ≤120KHz
	25 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for NR Carrier Aggregation
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(SCS ≤120KHz)
	8 note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	25 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [7].
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(SCS ≤120KHz)
	FR2(SCS ≤120KHz)
	8

	FR1
	FR2(SCS ≤120KHz)
	33

	FR1
	FR2(120KHz<SCS≤ 960KHz)
	TBD

	FR2(SCS ≤120KHz)
	FR2(120KHz<SCS≤ 960KHz)
	TBD



3	Summary
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 radius 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: If the transient periods are long in relation to a symbol, then this will incur a loss of symbols, but we can control the loss with the switch point periodicity. 
Proposal 1: Keep the FR2 UE TDD ON/OFF and OFF/ON transients (13792 Tc (=7.015 µsec)) for extension to 71 GHz WI.
Proposal 2: In response to adding additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP, in this sense, combination of  CSC of SSB and uplink signals needs to be checked and Te will be decided based on check results. 
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	
	480
	TBD

	
	
	960
	TBD

	
	240
	60
	TBD

	
	
	120
	TBD

	
	
	480
	TBD

	
	
	960
	TBD

	
	480
	60
	

	
	
	120
	TBD

	
	
	480
	TBD

	
	
	960
	TBD

	
	960
	60
	TBD

	
	
	120
	TBD

	
	
	480
	TBD

	
	
	960
	TBD

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Proposal 3: Add SCS (480kHz, 960kHz) in UE Timing Advance adjustment accuracy
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±8 Tc
	±4 Tc



Proposal 4: The conclusion in previous 3GPP meeting: scaling MRTD/MTTD with increasing SCS will severely restrict the CA deployment options isn’t valid due to higher SCS in 52.6 – 71 GHz.
Proposal 5: For MTTD, existing FR2 cannot cover higher SCS according to the rationale of existing definitions including FR2. More options for SCS of the pair of TAGs are required.  
· Minimum Requirements for inter-band EN-DC
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(SCS ≤120KHz)
	8.5 Note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	26.1 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for NR Carrier Aggregation
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(SCS ≤120KHz)
	8.5 Note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	26.1 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [16].
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(SCS ≤120KHz)
	FR2(SCS ≤120KHz)
	8.5

	FR1
	FR2(SCS ≤120KHz)
	34.1

	FR1
	FR2(120KHz<SCS≤ 960KHz)
	TBD

	FR2(SCS ≤120KHz)
	FR2(120KHz<SCS≤ 960KHz)
	TBD




Proposal 6: For MRTD, existing FR2 cannot cover higher SCS according to the rationale of existing definitions including FR2. More options for Frequency Range of the pair of TAGs are required.
· Minimum Requirements for inter-band EN-DC
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(SCS ≤120KHz)
	8 note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2FR2(SCS ≤120KHz)
	25 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for NR Carrier Aggregation
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(SCS ≤120KHz)
	8 note1

	FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR1 and FR2(SCS ≤120KHz)
	25 

	Between FR1 and FR2(120KHz<SCS≤ 960KHz)
	TBD

	Between FR2(SCS ≤120KHz) and FR2(120KHz<SCS≤ 960KHz)
	TBD

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



· Minimum Requirements for inter-band NR DC
The UE shall be capable of handling at least a relative receive timing difference between slot timing of signal from a cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG at the UE receiver as shown in Table 7.6.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [16].
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(SCS ≤120KHz)
	FR2(SCS ≤120KHz)
	8

	FR1
	FR2(SCS ≤120KHz)
	33

	FR1
	FR2(120KHz<SCS≤ 960KHz)
	TBD

	FR2(SCS ≤120KHz)
	FR2(120KHz<SCS≤ 960KHz)
	TBD
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