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Introduction
In this paper we provide our views on timing related requirements for FR2-2.
Discussion
UE transmit timing
During RAN4 #101-bis-e meeting the following was captured in the WF [1]
	Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· UE transmit timing error requirements for UL SCS of 480/960 kHz are defined under the following assumptions
· SCS:
· SSB SCS ≥ UL SCS
· FFS if other SCS combinations shall be considered
· At least one SSB is available at the UE during the last: 20ms, 40ms, 80ms
· Note: If multiple set of requirements are defined, then the requirements will be defined for at most for 2 periodicities
· Max delay spread: 
· [30ns] for 480kHz 
· [20ns] for 960kHz
· FFS if a single set or multiple sets of requirements need to be defined
· FFS how to design test case for UE transmit timing error requirements



In our understanding the main impact to the initial UL transmission timing inaccuracy is made by three factors:
1) DL timing estimation error
2) RF margin at UL transmission
3) Timing drift since the last SSB
Te requirements should cover all these timing inaccuracies. In [2] we provided calculation for DL timing error – for 480kHz SCS it is equal to 4 ns and for 960kHz it is equal to 2 ns. Timing drift depends on the SSB periodicity. In Table 2.1-1 UL timing inaccuracy due to DL timing estimation error and Timing drift is shown.
Table 2.1-1 UL timing inaccuracy due to DL timing estimation error and Timing drift 
	SCS
	UL Timing offset due to DL timing estimation error and Timing drift with SSB available during the last

	
	20 ms
	40 ms
	80 ms

	480kHz
	6 ns
	8 ns
	12 ns

	960kHz
	4 ns
	6 ns
	10 ns



For RF margin at UL transmission it’s difficult to find a rule to derive it. 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 30ns, which are considered as typical for FR2-2 in [3] and are tentatively agreed as shown above. Main simulation parameters are summarized in Table 2.1-2. In Figure 2.1-1 link level simulation results are shown for FR2-2 PUSCH with different options of UL timing offset.
Table 2.1-2 Link level simulation parameters
	Parameter
	Value

	CBW
	100MHz

	SCS
	480kHz, 960kHz

	Propagation conditions / RMS delay spread / UE velocity
	TDLA / 10ns, 20ns, 30ns / 3kmph

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

	MCS
	16

	Rank
	1

	Antenna configuration
	1x2 

	UL timing offset
	20%CP, 30%CP, 40%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 [2] for explanation)
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	Figure 2.1-1 FR2-2 PUSCH link livel simulation results


From the simulation results 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
With the proposed Te values (44ns for 480kHz and 22ns for 960kHz) and using the values from Table 2.1-1 we can estimate an amount of time left for RF margin
Table 2.1-3 UL timing inaccuracy due to DL timing estimation error and Timing drift 
	SCS
	RF margin for timing inaccuracy at UL transmission with SSB available during the last

	
	20 ms
	40 ms
	80 ms

	480kHz
	38 ns
	36 ns
	32 ns

	960kHz
	18 ns
	16 ns
	12 ns


Considering small relative difference of 40ms case comparing to 20ms case and 40ms case comparing to 80ms case we propose to define one set of requirements considering one SSB periodicity equal to 40ms
Proposal 2: RAN4 to define timing requirements considering that at least one SSB is available at the UE during the last 40 ms.
MRTD/MTTD requirements
· MRTD definition
During RAN4 #101-bis-e in [4] we raised the issue of current MRTD definition which was captured in the WF [1] as follows:
	Basic principles
· Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· For sync cases: MRTD = TAE + propagation delay difference
· FFS whether and how to change the MRTD definition, so that it could be larger than 0.5 slot.



The problem is that 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.



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. Option 2 in Figure 2.2-1 demonstrates current RTD definition in such case. In our understanding the intention of RTD is to reflect total timing offset between CCs, i.e. Option 1 in Figure 2.2-1
Proposal 3: RAN4 to change the definition of receive timing difference between carriers in case of NR CA to address the case when TAE + ΔT is larger than one slot. For instance, RTD can be considered between the sub-frame boundaries

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 4: In case of NR DC RAN4 to consider the receive timing difference between carriers as the timing difference between the closest slot boundaries.

	


Figure 2.2-1. RTD in case of small slot length


· MTTD definition
The same issue can be observed with current MTTD definition. The transmit timing difference requirements are introduced in TS 38.133 as follows:
	A UE shall be capable of handling a relative transmission timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.
…
A UE shall be capable of handling a relative transmission timing difference between slot timing boundaries of PCell and the closest slot timing boundary of PSCell to be aggregated in NR DC operation.


So, the same proposals can be made:
Proposal 5: RAN4 to change the definition of transmit timing difference between carriers in case of NR CA to address the case when MRTD is larger than one slot
Proposal 6: In case of NR DC RAN4 to consider the transmit timing difference between carriers as the timing difference between the closest slot boundaries.

· MRTD for intra-band CA
MRTD for intra-band CA depends on TAE value. During RAN4 #101-bis-e meeting the following was agreed in RF session for TAE [5]
	· Contiguous intra-band CA (baseline assumption): 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS. RAN4 will make final decision on February RAN4#102-e meeting.
· Non-contiguous intra-band CA: [260 ns]. (Note: Whether the requirement need to be specified in Rel-17 specification pending on further confirmation whether NC CA is within Rel-17 scope).


Proposal 7: Agree on MRTD for intra-band CA during RAN4 #102-e meeting directly applying TAE value agreed in RF to MRTD requirement 

· MRTD/MTTD for FR1 and FR2-2 inter-band CA
Our understanding is that MRTD/MTTD for FR1 and FR2-2 inter-band CA mostly depend on FR1 deployment. Since there will be no changes on FR1 deployment we don’t see any reason to use different values than those used for FR1+FR2-1 CA
Proposal 8: RAN4 to define MRTD and MTTD values for FR1 + FR2-2 inter-band CA equal to MRTD and MTTD values for FR1 + FR2-1 inter-band CA, which are 25us and 26.1us for MRTD and MTTD respectively.

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

	Assumptions on deriveSSB-IndexFromCell 
· For 480 kHz SSB SCS
· deriveSSB-IndexFromCell is always enabled by the network
· For 960 kHz SSB SCS
· deriveSSB-IndexFromCell is up to network configuration (i.e. can be enabled or disabled)
· FFS: NOTE: RAN4 to also specify the frame boundary alignment tolerance even for the case when deriveSSB-IndexFromCell is disabled
· FFS: If deriveSSB-IndexFromCell is not enabled, the requirement of SSB index detection for intra-frequency measurement for FR2-2 need to be specified for 960kHz SCS
· FFS whether the deriveSSB_IndexFromCell is always enabled or not in unlicensed band in FR2-2.
· Note: It’s not always enabled in FR1 NR-U.



The basic understanding of the requirements is that if deriveSSB-IndexFromCell is enabled then frame boundary alignment is within tolerance, if deriveSSB-IndexFromCell is disabled then frame boundary alignment is worse than tolerance. However, discussing disabled deriveSSB-IndexFromCell in FR2-2 we would like to consider the following two points:
· FR2-2 system operates in TDD, and for correct TDD configuration network needs to know how bad synchronization is from the UE perspective. Having no requirements for frame boundary alignment tolerance at the UE side will leave ambiguity for TDD configuration.
· In TS 38.212 the following is defined 

	For , a UE determines the 3 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]


This allows to resolve SSB index ambiguity between 8 SSB indexes by PBCH DM-RS detection. To our understanding when deriveSSB-IndexFromCell is enabled PBCH DM-RS detection is not mandatory and such procedure is upto UE implementation. So, we prefer not to allow always enabled deriveSSB-IndexFromCell relying on that procedure. Based on implementation, it still can be used with deriveSSB-IndexFromCell disabled, but some tolerance for synchronization in that case is still required, since the procedure can resolve upto 8 SSB indexes. 
Considering the above-mentioned points, we think that defining frame boundary alignment tolerance for deriveSSB-IndexFromCell disabled will be helpful
Proposal 9: RAN4 to specify the frame boundary alignment tolerance even for the case when deriveSSB-IndexFromCell is disabled
The value for frame boundary alignment tolerance was captured as a separate issue in the WF as follows
	Tolerance for frame boundary alignment
· Keep the existing requirements, i.e., 2 SSB symbols, for SCS up to 240kHz
· FFS: For 480kHz SCS:
· Option 1a: 3 SSB symbols
· Option 1b: 2 SSB symbols
· FFS: For 960kHz SCS: when deriveSSB-IndexFromCell is enabled
· Option 2a: 3 SSB symbols
· Option 2b: 2 SSB symbols
· FFS: For 960kHz SCS: when deriveSSB-IndexFromCell is disabled
· Option 3a: 6 SSB symbols
· Option 3b: 4 SSB symbols
· FFS: Revise PDSCH symbols to 2 for 480 kHz and to 3 for 960 kHz SCS


For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n. With 7 symbols interval between consecutive SSB indexes we need to have misalignment between neighboring cells no more than 3.5 symbols to directly reuse reference cell SSB indexing.  
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 2.3-1 we show the required tolerance for different assumptions of the distance between the neighbouring cells.  
Table 2.3-1 Max frame boundary misalignment 
	Inter-cell distance, m
	0
	50
	100
	200
	400
	600
	800
	1100
	1200

	Max frame boundary misalignment 
	us
	3.00
	3.17
	3.33
	3.67
	4.33
	5.00
	5.67
	6.67
	7.00

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

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



As we can see from Table 2.4-1, the frame boundary alignment tolerance of 2 symbols can not be used for 960kHz and limits the deployment for 480kHz. Thus, for enabled deriveSSB-IndexFromCell we propose to define maximum frame boundary alignment tolerance as 3 symbols for both 480kHz and 960kHz. 
Proposal 10: When deriveSSB-IndexFromCell is enabled frame boundary alignment tolerance is no worse than 3 symbols
For disabled deriveSSB-IndexFromCell the tolerance can be specified as the number of 960kHz SCS symbols that correspond to the number of 480kHz SCS symbols from Proposal 10. 
Proposal 11: When deriveSSB-IndexFromCell is disabled frame boundary alignment tolerance is no worse than 6 symbols

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 with 960kHz SCS – 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.
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:
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
Proposal 2: RAN4 to define timing requirements considering that at least one SSB is available at the UE during the last 40 ms.
Proposal 3: RAN4 to change the definition of receive timing difference between carriers in case of NR CA to address the case when TAE + ΔT is larger than one slot. For instance, RTD can be considered between the sub-frame boundaries
Proposal 4: In case of NR DC RAN4 to consider the receive timing difference between carriers as the timing difference between the closest slot boundaries.
Proposal 5: RAN4 to change the definition of transmit timing difference between carriers in case of NR CA to address the case when MRTD is larger than one slot
Proposal 6: In case of NR DC RAN4 to consider the transmit timing difference between carriers as the timing difference between the closest slot boundaries.
Proposal 7: Agree on MRTD for intra-band CA during RAN4 #102-e meeting directly applying TAE value agreed in RF to MRTD requirement 
Proposal 8: RAN4 to define MRTD and MTTD values for FR1 + FR2-2 inter-band CA equal to MRTD and MTTD values for FR1 + FR2-1 inter-band CA, which are 25us and 26.1us for MRTD and MTTD respectively.
Proposal 9: RAN4 to specify the frame boundary alignment tolerance even for the case when deriveSSB-IndexFromCell is disabled
Proposal 10: When deriveSSB-IndexFromCell is enabled frame boundary alignment tolerance is no worse than 3 symbols
Proposal 11: When deriveSSB-IndexFromCell is disabled frame boundary alignment tolerance is no worse than 6 symbols
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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