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Introduction
In RAN#90 meeting, a Rel-17 work item for extending current NR operation to 71GHz was approved and the WID was updated in RAN#93e [1]. While a subcarrier spacing of 120kHz with NCP was recommended to be supported, additional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are also introduced for this frequency range. Impact of these higher SCS on timing requirements was discussed during RAN4#100e, RAN4#101e and RAN4#101bis-e with relevant agreements and FFS items captured in the WFs [2] [3] [4].
In this contribution, we further analyze the impact of the higher SCS of 480/960kHz on UE transmit timing accuracy requirements. We also discuss the synchronization requirements determined by deriveSSB-IndexFromCell.
UE transmit timing
UE transmit timing error is based on DL timing estimation which depends on the BW of the SSB. The minimum resolution for DL timing would be inverse of signal BW. RAN4 also specifies an additional margin to account for various UE artifacts related to DL to UL switching. Some of these artifacts are – timing drift from SSB measurement to UL transmission, DAC clock uncertainty, RF calibration error on both UE and TE side. While SSB BW puts a lower limit on the UL timing accuracy, the upper bound is half of CP length on the Uplink transmission.
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching. This additional margin is needed to account for various artifacts such as - timing drift from SSB measurement to UL transmission, DAC clock uncertainty, RF calibration error on both UE and TE side.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Although SSB with higher SCS provides better DL timing estimation, the reduction in CP length on the Uplink transmission leaves very little room for any estimation error margin. With such small margin, it will be hard for the UE to meet the UL timing accuracy requirements. RAN4 has been discussing the percentage of CP length that the Te can occupy and reached the following agreements (and FFS) in the last RAN4 meeting [4]: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

One of the factors contributing to the error margin is the timing drift from DL timing estimation to UL transmission. With a frequency offset of 0.1ppm, this leads to a timing drift of 16/8/4/2ns for SSB periodicity of 160/80/40/20ms respectively. 
Observation 4: A frequency offset of 0.1ppm leads to a timing drift of 16/8/4/2ns for SSB periodicity of 160/80/40/20ms respectively.
Another factor contributing to the error margin is the DAC clock where the error due to DAC clock uncertainty is about 1-2 clock cycles. The minimum agreed BWs for FR2-2 are: 100 MHz for 120 SCS and 400 MHz for 480/960 SCS. The bottleneck in timing requirements is with UL SCS of 480/960. The DAC rate for 400MHz is 998.4MHz giving one clock cycle length of around 1ns. However, a UE typically uses fractional DAC rates and thus the clock cycles may be longer, e.g., Fs/2, Fs/4, Fs/8 etc. in this case may lead to the DAC clock cycle of 2/4/8ns. So, a margin of around 16ns is needed to account for DAC clock uncertainty to handle worst case scenario in a typical implementation. 
Observation 5: A margin of around 16ns is needed to account for DAC clock uncertainty to handle worst case scenario in a typical implementation for 480/960 UL SCS.
On top of the above two parameters, there is RF calibration error to account for various group delays. This calibration error has to be accounted for both UE and the test equipment (TE) and a sufficient margin needs to be considered.
Observation 6: Additional margin is needed to account for RF calibration errors due to various group delays on both the UE and the TE side. A margin of around 16ns can be considered for RAN4 requirement purpose.
Proposal 1: A total margin of around 40ns is needed for TSSB of 80ms, 36ns for TSSB of 40ms and 32ns for TSSB of 20ms
Observation 8: Based on the above analysis, the table below shows the minimum Te/CP ratio needed for various SSB periodicities:
	SSB SCS
	UL SCS
	T_SSB = 20ms
	T_SSB = 40ms
	T_SSB = 80ms

	
	
	Te/CP ratio
	Margin (ns)
	Te/CP ratio
	Margin (ns)
	Te/CP ratio
	Margin (ns)

	120
	480
	0.35
	33
	0.37
	36
	0.40
	40

	480
	480
	0.26
	33
	0.28
	36
	0.31
	40

	480
	960
	0.5
	32
	0.5
	32
	0.50
	32

	960
	480
	0.25
	34
	0.26
	35
	0.30
	41

	960
	960
	0.5
	34
	0.5
	34
	0.50
	34



Proposal 2: Define Te requirements considering the above Te/CP ratio and TSSB combinations
deriveSSB-IndexFromCell
During the last meeting, RAN4 discussed the assumptions on deriveSSB-IndexFromCell and agreed to the following:
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.

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

We think it’s advantageous to define the tolerance for frame boundary alignment for 960kHz SCS even when deriveSSB-IndexFromCell is disabled. The synchronization error defined in this manner could be used by the UE to determine the neighbor cell SSB index without decoding the PBCH. The frame boundary alignment error for 960 kHz SCS may lead to ambiguity in the SSB indexes, but this ambiguity may be limited to +/-1 SSB index and can be resolved by performing a hypothesis testing of only 3 PBCH-DMRS sequences and PBCH decoding is not required.
Observation 9: For FR2, LSBs of the SSB index is indicated by the PBCH DMRS sequence.
Observation 10: When deriveSSB-IndexFromCell is disabled for 960kHz SCS in FR2-2, the UE can use PBCH-DMRS detection to determine the neighbour cell SSB index by performing an ‘N’ point hypothesis testing, e.g.,
· N = 3 if the uncertainty is within +/-1 SSB index

Observation 10: Defining the frame boundary alignment for 960kHz SCS when deriveSSB-IndexFromCell is disabled allows the UE to determine the number of PBCH-DMRS detection hypothesis to be performed.
Observation 11: The SSB index identification requirements for FR2-2 intra-frequency measurements can be specified based on the number of PBCH-DMRS detection hypothesis
Another benefit of defining the tolerance would be that only affected symbols can be considered in defining the scheduling restriction instead of the whole SMTC.
Observation 12: Both network and the UE may benefit by defining the scheduling restrictions based on the affected symbols and not on the whole SMTC window.
Proposal 3: RAN4 to also specify the frame boundary alignment tolerance even for the case when deriveSSB-IndexFromCell is disabled for 960kHz SCS.
· FFS: Number of OFDM symbols could be double of that for 480kHz SCS

Proposal 4: Define the neighbour cell SSB index identification requirements for intra-frequency measurements based on the PBCH-DMRS detection delay corresponding to the frame boundary alignment tolerance.
Proposal 5: We prefer the following values for tolerance in frame boundary alignment:
· For 480kHz SCS:
· 3 SSB symbols
· For 960kHz SCS: when deriveSSB-IndexFromCell is enabled
· 3 SSB symbols
· For 960kHz SCS: when deriveSSB-IndexFromCell is disabled
· 6 SSB symbols
Conclusion
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching. This additional margin is needed to account for various artifacts such as - timing drift from SSB measurement to UL transmission, DAC clock uncertainty, RF calibration error on both UE and TE side.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Observation 4: A frequency offset of 0.1ppm leads to a timing drift of 16/8/4/2ns for SSB periodicity of 160/80/40/20ms respectively.
Observation 5: A margin of around 16ns is needed to account for DAC clock uncertainty to handle worst case scenario in a typical implementation for 480/960 UL SCS.
Observation 6: Additional margin is needed to account for RF calibration errors due to various group delays on both the UE and the TE side. A margin of around 16ns can be considered for RAN4 requirement purpose.
Proposal 1: A total margin of around 40ns is needed for TSSB of 80ms, 36ns for TSSB of 40ms and 32ns for TSSB of 20ms
Observation 8: Based on the above analysis, the table below shows the minimum Te/CP ratio needed for various SSB periodicities:
	SSB SCS
	UL SCS
	T_SSB = 20ms
	T_SSB = 40ms
	T_SSB = 80ms

	
	
	Te/CP ratio
	Margin (ns)
	Te/CP ratio
	Margin (ns)
	Te/CP ratio
	Margin (ns)

	120
	480
	0.35
	33
	0.37
	36
	0.40
	40

	480
	480
	0.26
	33
	0.28
	36
	0.31
	40

	480
	960
	0.5
	32
	0.5
	32
	0.50
	32

	960
	480
	0.25
	34
	0.26
	35
	0.30
	41

	960
	960
	0.5
	34
	0.5
	34
	0.50
	34



Proposal 2: Define Te requirements considering the above Te/CP ratio and TSSB combinations
Observation 9: For FR2, LSBs of the SSB index is indicated by the PBCH DMRS sequence.
Observation 10: When deriveSSB-IndexFromCell is disabled for 960kHz SCS in FR2-2, the UE can use PBCH-DMRS detection to determine the neighbour cell SSB index by performing an ‘N’ point hypothesis testing, e.g.,
· N = 3 if the uncertainty is within +/-1 SSB index
· N = 5 if the uncertainty is within +/-2 SSB indexes

Observation 10: Defining the frame boundary alignment for 960kHz SCS when deriveSSB-IndexFromCell is disabled allows the UE to determine the number of PBCH-DMRS detection hypothesis to be performed.
Observation 11: The SSB index identification requirements for FR2-2 intra-frequency measurements can be specified based on the number of PBCH-DMRS detection hypothesis
Observation 12: Both network and the UE may benefit by defining the scheduling restrictions based on the affected symbols and not on the whole SMTC window.
Proposal 3: RAN4 to also specify the frame boundary alignment tolerance even for the case when deriveSSB-IndexFromCell is disabled for 960kHz SCS.
· FFS: Number of OFDM symbols could be double of that for 480kHz SCS

Proposal 4: Define the neighbour cell SSB index identification requirements for intra-frequency measurements based on the PBCH-DMRS detection delay corresponding to the frame boundary alignment tolerance.
	Proposal 5: We prefer the following values for tolerance in frame boundary alignment:
· For 480kHz SCS:
· 3 SSB symbols
· For 960kHz SCS: when deriveSSB-IndexFromCell is enabled
· 3 SSB symbols
· For 960kHz SCS: when deriveSSB-IndexFromCell is disabled
· 6 SSB symbols
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