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Introduction
In this paper we provide our views on timing related requirements for FR2-2.
Discussion
UE transmit timing
During the previous meetings some issues were identified in determining the Te requirements for high frequencies. 
In our paper [1] submitted to RAN4 #101-e we estimated lower bounds of possible Te values:
	DL SCS (kHz)
	Te (64*Tc)

	120
	0.5 < Te 

	480
	0.125 < Te

	960
	0.0625 < Te


However, these values do not consider UL Margin, so they should be higher. UL Margin used for FR2 in Rel-15 is no longer valid for FR2-2 short slot/symbol/CP lengths. UL Margin for FR2-2 is difficult to derive, but it is obvious that the total value of Te will be small. Short Te requirement is challenging from the UE implementation point of view, so we would like to find the upper bound of Te value for which the BS demodulation is still possible. The limiting factors for the upper bound of Te value are CP length and the channel delay spread. The link level simulations were done for three RMS delay spread values – 10ns, 20ns and 40ns, which are considered as typical for FR2-2 in [2]. Main simulation parameters are summarized in Table 2.1-1.
Table 2.1-1 Link level simulation parameters
	Parameter
	Value

	CBW
	100MHz

	SCS
	480kHz, 960kHz

	Propagation conditions / RMS delay spread / UE velocity
	TDLA / 10ns, 20ns, 40ns / 3kmph

	TDD UL/DL configuration
	DDDSU
UL was not scheduled in S slot

	MCS
	16

	Rank
	1

	Antenna configuration
	1x2 

	UL timing offset
	0.2*CP, 0.3*CP, 0.5*CP

	Phase noise model
	UE: R4-2010176
BS: TR38.803 SSB model BS

	PTRS density
	Every symbol / every 4th PRB

	FFT window placement
	FFT window starts at CP-UL timing offset (see [1] for explanation)
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	Figure 2.1-1 FR2-2 link livel simulation results


The link level simulation results are shown in Figure 2.1-1. The following Observations can be made:
Observation 1: 
· RMS delay spread of 40ns and larger should not be considered as typical for 960kHz operation.
· For timing offset equal to 50% of CP length PUSCH BLER reaches 1% in very high SNR region for both 480kHz (with DS=40ns) and 960kHz (with DS=20ns) operation 
· For timing offset equal to 30%of CP length and lower no major demodulation issues observed
Based on Observation 1 we can conclude that Te=30%CP can be used for requirements definition for both 480kHz and 960kHz SCSs
Proposal 1: RAN4 to define the Te requirements as 1.34*64*Tc and 0.67*64*Tc for UL SCSs 480kHz and 960kHz respectively
Gradual timing adjustment
Gradual timing adjustment is aimed to compensate time drift due to frequency error and UE movement and to keep the timing error smaller than Te. Since smaller Te is considered in FR2-2, the changes to gradual timing adjustment might be needed.
The maximum adjustment step size and the maximum aggregate adjustment rate per 200ms do not put any limitation on the minimum step size or rate – UE is always allowed to make adjustment with smaller step size or rate to keep timing error within Te. At the same time it is not reasonable to have the requirements on step size which is larger than the target tolerance.
Observation 2: The Tq requirements do not put any limitation on the minimum step size or rate, but it is not reasonable to have the requirements on step size which is larger than the target tolerance. Thus, existing values of Tq can not be reused for 480kHz and 960kHz SCSs.
Proposal 2: RAN4 to define Tq and Tp requirements for 480kHz and 960kHz considering that it is preferred to have them smaller than Te value.
The Tq value is defined as multiple of UL sample period. In Table 2.2-1 the UL sample period is calculated for both 480kHz and 960kHz and is equal to 0.0625*64*Tc.
	      Table 2.2-1 Sample period of UL
	UL SCS 
	480 kHz
	960 kHz

	Minimum Bandwidth of UL transmission
	400 MHz
	400 MHz

	Sample period of UL transmission
	0.0625*64*Tc
	0.0625*64*Tc


In Table 2.2-2 the timing drift due to frequency error and UE movement is estimated. For mmWave operation low mobility UEs are assumed. The values of Tq in the last row were obtained as the closest multiple of UL sample period larger than estimated total time drift per 200ms.

 Table 2.2-2. Time drift due to frequency error and UE movement
	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Max speed of UE movement
	3 km/h
	10 km/h
	30 km/h

	Time drift due to UE movement per 200ms
	0.56ns
	1.85 ns
	5.6ns

	Total time drift per 200ms
	20.56 ns
(0.63*64*Tc)
	21.85 ns
(0.67*64*Tc)
	25.6 ns
(0.78 *64*Tc)

	Sample period of UL transmission
	0.0625*64*Tc

	Tq
	0.6875*64*Tc
	0.6875*64*Tc
	0.8125*64*Tc


For LTE, FR1 and FR2 requirements RF margin of 1.5*64*Tc was also considered. Such margin seems to be too large for 480kHz and 960kHz SCSs since the proposed Te value is only 1.34*64*Tc or 0.67*64*Tc. Consider revising RF margin value for high SCSs of FR2-2.
Observation 3: RF margin value considered for LTE, FR1 and FR2 is too large comparing to the proposed Te value.
Proposal 3: RAN4 to define Tq requirements for 480kHz and 960kHz equal to (0.6875*64*Tc + RF_margin). RAN4 to determine RF_margin value, which could be reasonable for high frequencies of FR2-2.
MRTD/MTTD requirements
During RAN4 #101-e the following agreement was made [3]:
In TS38.133 requirements on the receive timing difference are introduced as follows
	A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and the closest slot timing boundary of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.



Figure Figure 2.3-1 illustrates this Rel-15/Rel-16 RTD definition
	


Figure 2.3-1 Rel-15/Rel-16 RTD illustration


In Rel-15/Rel-16 the slot length is always larger than TAE + propagation delay difference for any CA scenario, so misalignment between carriers is always within one slot and the above-mentioned definition of RTD considering the closest slot boundary makes sense. But for high SCSs introduced in Rel-17 TAE + propagation delay difference can be larger than 1 slot. In this case we see two options on how to account RTD as it is shown in Figure 2.3-2: 
Option 1: RTD reflects the whole time difference between carriers caused by TAE and propagation delay difference. RTD is considered between the boundaries of the slots which were sent simultaneously.
Option 2: RTD reflects only slot boundary misalignment without considering the slot index. RTD is considered between the closest slot boundaries
Observation 4: For high SCSs we see two options on how to account RTD
Option 1: RTD reflects the whole time difference between carriers caused by TAE and propagation delay difference. RTD is considered between the boundaries of the slots which were sent simultaneously.
Option 2: RTD reflects only slot boundary misalignment without considering the slot index. RTD is considered between the closest slot boundaries (Rel-15/Rel-16 definition)
Option 1 seems more appropriate at least for CA case where slot index correspondence is important for cross-carrier operations. For DC case we don’t have cross-carrier interaction and the slot index correspondence is not needed, so the legacy definition (Option 2) can be kept even for high SCSs.
Proposal 5: In case of NR carrier aggregation RAN4 to consider the receive timing difference between carriers as the timing difference between the slot boundaries of the slots which were sent simultaneously
Proposal 6: In case of NR DC RAN4 to consider the receive timing difference between carriers as the timing difference between the closest slot boundaries.

	


Figure 2.3-2. RTD in case of small slot length


[bookmark: _Hlk92256658]For high SCSs TAE + propagation delay difference can be larger than 1 slot, so the maximum timing difference between the closest slot boundaries will be equal to half slot length. Thus, in case of NR DC with high SCS the UE is in asynchronous conditions with MRTD shown in Table 2.3-1



Table 2.3-1 MRTD for NR DC
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	480
	16.625

	960
	7.8125



Proposal 7: In case of NR DC with high SCS the UE is always in asynchronous conditions with MRTD shown in Table 2.3-1

deriveSSB-IndexFromCell
During RAN4 #101-e meeting the following was captured in the WF

	· Assumptions on deriveSSB-IndexFromCell 
· Do not change cell phase synchronization accuracy
· For 120kHz SCS
· deriveSSB-IndexFromCell is always enabled
· For 480kHz and 960kHz SCS
· Option 1: deriveSSB-IndexFromCell is always enabled
· Option 1A: revisit UE assumptions on the maximum timing difference between the reference cell and target cell from 2 SSB symbols to a larger value
· Option 1B: introduce [1-3] symbols scheduling restriction before and/or after SSB transmission
· Option 2: deriveSSB-IndexFromCell may be either enabled or not enabled and up to network configuration
· FFS whether to have different approaches for licensed/unlicensed bands



The requirements for deriveSSB-IndexFromCell tolerance are defined in TS38.133 in the following way:
	When deriveSSB-IndexFromCell is enabled, the UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than min(2 SSB symbols, 1 PDSCH symbol) and the SFNs of all cells on the same frequency carrier are the same.


For high SCSs min(2 SSB symbols, 1 PDSCH symbol) is very short and such tolerance can not always be satisfied. In general, maximum frame boundary misalignment is the sum of the cell phase synchronization accuracy and propagation delay difference between reference and target cells. The cell phase synchronization accuracy is defined in TS38.133 and it is equal to 3us, while the maximum propagation delay difference depends on the deployment and is equal to inter-cell distance. In Table 2.4-1 we show the required tolerance for different assumptions of the distance between the neighbouring cells.  
Table 2.4-1 Max frame boundary misalignment 
	Inter-cell distance, m
	100
	200
	400
	600
	800
	1000
	1200
	1400
	1600
	1800
	2000

	Max frame boundary misalignment 
	us
	3.33
	3.67
	4.33
	5.00
	5.67
	6.33
	7.00
	7.67
	8.33
	9.00
	9.67

	
	480kHz symbols
	2
	2
	2
	3
	3
	3
	4
	4
	4
	5
	5

	
	960kHz symbols
	3
	4
	4
	5
	6
	6
	7
	7
	8
	9
	9



The deriveSSB-IndexFromCell set to enabled means that the synchronization is so good that the UE can utilize serving cell timing to derive the index of SSB transmitted by neighbour cell. This gives us another limitation on the tolerance.
RAN1 already agreed that for 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n. In such mapping we have 3 symbols gaps between consecutive SSBs. Thus, in order to avoid overlapping SSBs with different time index, the misalignment between neighboring cells should be less or equal to 3 symbols. Otherwise, we may get the situation shown in Figure 2.4-1, where 4 symbols misalignment makes it impossible to differentiate Scenario 1 from Scenario 2 without SSB index derivation.

	


Figure 2.4-1 SSB index misalignment for 4 symbols synchronization tolerance



Observation 5: For 480kHz and 960kHz SCS the tolerance for frame boundary alignment should be no worse than 3 symbols.
Considering the max of 3 symbols allowed for frame boundary misalignment between neighboring cells, from Table 2.4-1 it can be seen that only limited number of scenarios (highlighted in green) can satisfy such tolerance. So deriveSSB-IndexFromCell can not always be enabled in FR2-2.
Proposal 8: For 480kHz and 960kHz SCS the deriveSSB-IndexFromCell is not always enabled. When deriveSSB-IndexFromCell is enabled frame boundary alignment tolerance is no worse than 3 symbols
Also, as we can see from Table 2.4-1, in general, network is not synchronized from the UE perspective, so, considering TDD duplex mode, UL(DL) symbols of the source cell can overlap DL(UL) symbols of target cell if insufficient number of guard symbols were scheduled in UL-DL TDD configuration. Based on Table 2.4-1 the number of guard symbols depends on the operating SCS and deployment parameters.
Proposal 9: For 480kHz and 960kHz SCSs network should schedule sufficient number of guard symbols in its UL-DL TDD configuration to avoid overlapping of UL/DL symbols of reference cell with DL/UL symbols of target cell. The number of guard symbols should depend on the operating SCS and deployment parameters.
The non-synchronous nature of FR2-2 system and the fact that deriveSSB-IndexFromCell is not always enabled for FR2-2 leads to the issue described below.
Intra-frequency measurements
In NR spec the time period to identify a new detectable intra-frequency cell is determined as follows:
Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) ms
Tidentify_intra_with_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra + TSSB_time_index_intra) ms
For FR2 the synchronous network with deriveSSB-IndexFromCell enabled was always assumed, so that for FR2 we could use Tidentify_intra_without_index and do not define TSSB_time_index_intra. But based on the previous conclusions, such approach is not valid for FR2-2 (at least for 480kHz and 960kHz) – we cannot longer rely on serving cell timing to derive the index of SSB transmitted by neighbour cell. Time period for time index detection TSSB_time_index_intra should be determined for FR2-2.
Proposal 10: For new detectable FR2-2 intra-frequency cell identification the SSB time index detection should be performed.
Proposal 11: RAN4 to define requirements on Time period for time index detection TSSB_time_index_intra (and TSSB_time_index_intra_CCA) for FR2-2.
To determine the requirements for Time period for SSB time index detection for FR2-2 the requirements for FR2 inter-frequency case can be reused with adding sharing factor Kp as it is shown in Table 2.4-2 for intra-frequency measurements without measurement gaps and Table 2.4-3 for intra-frequency measurements with measurement gaps. The MSSB_index_intra can be calculated as 3 x N, where N is the Rx beam sweeping scaling factor, which can be different depending on the UE type.
Table 2.4-2. Time period for time index detection for intra-frequency measurements without measurement gaps
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  SMTC period)  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter



Table 2.4-3. Time period for time index detection for intra-frequency measurements with measurement gaps
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter


Proposal 12: RAN4 to define requirements on Time period for time index detection as it is shown in Tables 2.4-2 and 2.4-3
Conclusion
In this paper we provide our views on timing related requirements for FR2-2. The following proposals were made:
Observation 1: 
· RMS delay spread of 40ns and larger should not be considered as typical for 960kHz operation.
· For timing offset equal to 50% of CP length PUSCH BLER reaches 1% in very high SNR region for both 480kHz (with DS=40ns) and 960kHz (with DS=20ns) operation 
· For timing offset equal to 30%of CP length and lower no major demodulation issues observed
Proposal 1: RAN4 to define the Te requirements as 1.34*64*Tc and 0.67*64*Tc for UL SCSs 480kHz and 960kHz respectively
Observation 2: The Tq requirements do not put any limitation on the minimum step size or rate, but it is not reasonable to have the requirements on step size which is larger than the target tolerance. Thus, existing values of Tq can not be reused for 480kHz and 960kHz SCSs.
Proposal 2: RAN4 to define Tq and Tp requirements for 480kHz and 960kHz considering that it is preferred to have them smaller than Te value.
Observation 3: RF margin value considered for LTE, FR1 and FR2 is too large comparing to the proposed Te value.
Proposal 3: RAN4 to define Tq requirements for 480kHz and 960kHz equal to (0.6875*64*Tc + RF_margin). RAN4 to determine RF_margin value, which could be reasonable for high frequencies of FR2-2.
Observation 4: For high SCSs we see two options on how to account RTD
Option 1: RTD reflects the whole time difference between carriers caused by TAE and propagation delay difference. RTD is considered between the boundaries of the slots which were sent simultaneously.
Option 2: RTD reflects only slot boundary misalignment without considering the slot index. RTD is considered between the closest slot boundaries (Rel-15/Rel-16 definition)
Proposal 5: In case of NR carrier aggregation RAN4 to consider the receive timing difference between carriers as the timing difference between the slot boundaries of the slots which were sent simultaneously
Proposal 6: In case of NR DC RAN4 to consider the receive timing difference between carriers as the timing difference between the closest slot boundaries.
Proposal 7: In case of NR DC with high SCS the UE is always in asynchronous conditions with MRTD shown in Table 2.3-1
Observation 5: For 480kHz and 960kHz SCS the tolerance for frame boundary alignment should be no worse than 3 symbols.
Proposal 8: For 480kHz and 960kHz SCS the deriveSSB-IndexFromCell is not always enabled. When deriveSSB-IndexFromCell is enabled frame boundary alignment tolerance is no worse than 3 symbols
Proposal 9: For 480kHz and 960kHz SCSs network should schedule sufficient number of guard symbols in its UL-DL TDD configuration to avoid overlapping of UL/DL symbols of reference cell with DL/UL symbols of target cell. The number of guard symbols should depend on the operating SCS and deployment parameters.
Proposal 10: For new detectable FR2-2 intra-frequency cell identification the SSB time index detection should be performed.
Proposal 11: RAN4 to define requirements on Time period for time index detection TSSB_time_index_intra (and TSSB_time_index_intra_CCA) for FR2-2.
Proposal 12: RAN4 to define requirements on Time period for time index detection as it is shown in Tables 2.4-2 and 2.4-3
Table 2.4-2. Time period for time index detection for intra-frequency measurements without measurement gaps
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  SMTC period)  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter



Table 2.4-3. Time period for time index detection for intra-frequency measurements with measurement gaps
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter
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