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Introduction
In RAN4 #102-e, Timing requirements from 52.6GHz to 71GHz was discussed. A WF [1] related to UE transmit timing error and MTTD/MRTD was duplicated as below:
	SSB periodicity and set of requirements
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms
· X=80 ms for UL SCS of 480 kHz
· X=40 ms for UL SCS of 960 kHz
· Note: test cases will be defined for both cases
· Note: the agreement can be revisited in case no feasible Te requirements values are identified.

Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· For X = 80ms
	SSB SCS
	UL SCS
	Te/CP Ratio 

	120
	480
	[0.35]

	480
	480
	[0.30]

	960
	480
	[0.25]



· For X = 40ms
	SSB SCS
	UL SCS
	Te/CP Ratio

	480
	960
	[0.40]

	960
	960
	[0.38]



· Test cases for Te requirements for FR2-2 will be designed as having statistical nature
· Option 1: The rate of UE meeting the Te requirement observed during repeated tests shall be at least [90%].

UE implementation margin to be considered in Te requirements 
· A UE implementation margin of at-least eDRIFT + eDAC is needed in addition to the DL timing estimation uncertainty of eRS
· FFS if eRF_Calibration should be considered as part of the core requirements

SSB and UL SCS combinations
· Define the requirements for SSB SCS of 120kHz and UL SCS of 480kHz.
· Do not define the requirements for SSB SCS 120kHz and UL SCS of 960kHz.
· Define the requirements for SSB SCS of 480kHz and UL SCS of 960kHz

Timing advance adjustment accuracy
· FFS: The UE timing advance adjustment accuracy for 480/960kHz SCS is defined as shown below:
· Option 1:
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	[±12 Tc]
	[±8 Tc]



· Option 2: Keep the original agreement
	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 definition
· FFS: RAN4 to change the definition of receive timing difference between carriers in case of NR CA to address the case when MRTD is larger than one slot. For instance, RTD can be considered between the slot boundaries
· FFS: Change the definition of MRTD for synchronous NR DC in FR2-2 as below, so that it could be larger than 0.5 slot 
· For FR2-2 operation, a UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and slot timing boundary from the same slot index of a cell belonging to the SCG to be aggregated for synchronous NR DC operation 

MRTD for intra-band non-contiguous CA
· MRTD = [0.26] µs for non-contiguous intra band CA in FR2-2

MRTD for FR1 and FR2-2 inter-band CA
· FFS: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2, i.e., MRTD = 25 µs 

MRTD for FR1 and FR2-2 NR DC - Synchronous
· FFS: The existing MRTD requirements for FR1 and FR2-1 synchronous NR-DC can be reused for FR1 and FR2-2, i.e., MRTD = 33 µs
Basic principles
· Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + (TA step size / 2 + TA adjustment accuracy +Te) in cc2

MTTD for FR1 and FR2-2 inter-band CA
· FFS: The existing MTTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2, i.e., MTTD = 26.1 us

MTTD for FR1 and FR2-2 NR DC – Synchronous
· FFS: The existing MTTD requirements for inter-band synchronous NR DC for FR1 and FR2-1 can be reused for inter-band synchronous NR DC for FR1 and FR2-2, i.e., MTTD = 34.1 us 



In this contribution, we further discuss the impact of the higher SCS of 480kHz/960kHz on Timing requirements.
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Gradual timing adjustment
In the last meeting, the Te requirements for higher SCS has been defined which was duplicated in [2] as below:
	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

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	
	480
	[1.58] *64*Tc

	
	480
	120
	[FFS]*64*Tc

	
	
	480
	[1.35] *64*Tc

	
	
	960
	[0.90] *64*Tc

	
	960
	120
	[FFS]*64*Tc

	
	
	480
	[1.13] *64*Tc

	
	
	960
	[0.86] *64*Tc

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






Based on the above Te requirements, the Tq Maximum aggregate adjustment rate per 200ms for 480kHz and 960kHz also need to be clarified. When the timing error is larger than Te, it is necessary to perform the gradual timing adjustment to guarantee the timing error within Te. The reason for the change of the downlink timing mainly includes two factors, UE movement and frequency error. For FR2-2, the lower UE speed compared with FR2-1 should be assumed. According to the link level simulation from 38.808, we suppose the max UE speed is 3km/h for FR2-2. Table 1 shows the results of time drift for 480kHz and 960kH, where ±0.1 PPM frequency error is assumed.
Table 1: The time drift due to UE movement and frequency error
	Frequency error
	± 0.1ppm
	UE speed 
	3km/h
	Total Time drift per 200ms

	Time drift per 200ms due to frequency error
	20ns
	Time drift per 200ms due to UE movement
	0.56ns
	20.56ns



In addition, the timing adjustment depends on the sample rate which is related to SCS and bandwidth of uplink signal. According to the minimum bandwidth of FR2-2, we get the maximum sampling period in Table 2. And Tq shall be an integer multiple of maximum period. Therefore, without considering the RF margin, the Tq is equal to 22ns, i.e., 0.6875*64*Tc for both 480kHz and 960kHz. 
Table 2: The maximum sampling period
	SCS (kHz)
	minimum Bandwidth (MHz)
	FFT size
	minimum sampling rate (MHz)
	Maximum sampling period

	480
	400
	1024
	491.52
	2ns

	960
	400
	512
	491.52
	2ns



For FR1 and FR2-1, the RF margin from LTE (i.e., 1.5Ts, 1.5*64*Tc) is used. As mentioned in the [3] and [4], due to the minimum Te requirement for 480kHz and 960kHz is 1.13*64*Tc and 0.86*64*Tc, the lower RF margin for FR2-2 shall be considered. Meanwhile, as mentioned in the [4], in order to avoid that the value of Tq is too large, due to the available SSB period has been shorten from 160ms of FR2-1 to 80ms of 480kHz or 40ms of 960kHz, it may also be feasible to consider to reduce the timing adjustment period, i.e., reducing the 200ms to a shorter period (e.g., 100ms).
[bookmark: OLE_LINK1]Proposal 1: Considering the lower RF margin and the shorter timing adjustment period for FR2-2 for gradual timing adjustment requirements.
MRTD
In the last meeting, the question of MRTD definition was discussed. The main issue is about the case when the TAE + ΔT is larger than one slot. For inter-band CA for FR1 and FR2-2, considering the slot index is necessary for cross-carrier operations, the existing MRTD requirements for FR1 and FR2-1 should be reused for FR1 and FR2-2. So we suggest to update the definition of MRTD of inter-band CA. As mentioned in the lasting meeting, the legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 2: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 should be reused for inter-band CA for FR1 and FR2-2.
Proposal 3: Update the definition of MRTD for inter-band CA for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
However, for inter-band NR DC for FR1 and FR2-2, some companies suggest to reuse the legacy definition due to the slot index is no necessary for NR DC. In our understanding, if the existing definition is reused, the maximum receive timing difference should be 0.5 slot when considering the timing difference between the closest slot boundaries for 480kHz and 960kHz. This would be the same as the async cases which may cause ambiguity. In addition, it is common understanding that MRTD is equal to the sum of TAE and propagation delay difference. We prefer that the existing MRTD requirements for FR1 and FR2-1 should be reused for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 4: The existing MRTD requirements for inter-band NR DC for FR1 and FR2-1 should be reused for inter-band NR DC for FR1 and FR2-2.
Proposal 5: Update the definition of MRTD for inter-band NR DC for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
MTTD
[bookmark: _Hlk95760827]The same principle of MRTD can be reused for MTTD. Therefore, the proposals can be made:
Proposal 6: The existing MTTD requirements for inter-band CA for FR1 and FR2-1 should be reused for inter-band CA for FR1 and FR2-2.
Proposal 7: Update the definition of MTTD for inter-band CA for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 8: The existing MTTD requirements for inter-band NR DC for FR1 and FR2-1 should be reused for inter-band NR DC for FR1 and FR2-2.
Proposal 9: Update the definition of MTTD for inter-band NR DC for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Conclusion
Proposal 1: Considering the lower RF margin and the shorter timing adjustment period for FR2-2 for gradual timing adjustment requirements.
Proposal 2: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 should be reused for inter-band CA for FR1 and FR2-2.
Proposal 3: Update the definition of MRTD for inter-band CA for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 4: The existing MRTD requirements for inter-band NR DC for FR1 and FR2-1 should be reused for inter-band NR DC for FR1 and FR2-2.
Proposal 5: Update the definition of MRTD for inter-band NR DC for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 6: The existing MTTD requirements for inter-band CA for FR1 and FR2-1 should be reused for inter-band CA for FR1 and FR2-2.
Proposal 7: Update the definition of MTTD for inter-band CA for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
Proposal 8: The existing MTTD requirements for inter-band NR DC for FR1 and FR2-1 should be reused for inter-band NR DC for FR1 and FR2-2.
Proposal 9: Update the definition of MTTD for inter-band NR DC for FR1 and FR2-2. The legacy definition ‘slot timing’ can be replaced with ‘subframe timing’.
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