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Introduction
In RAN4 #100e, 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:
	UE transmit timing error
· Further study percentage of UL CP length Te can occupy without impacting UL system performance?
· Option 1: Keep the Te within the same percentage of the CP length as existing SCS
· Option 2: 30%
· Option 3: 50%
· Further study achievable Te from UE perspective
· Study different combinations of SSB SCS and UL signal SCS for FR2-2 
MTTD/MRTD
· Consider FR2-1 requirements for 120kHz SCS for FR2-2 as baseline. 
· RAN4 to further discuss whether new MRTD/MTTD requirements are needed for SCS of 480/960 kHz based on the agreed deployment scenarios
· Identify other parameters that needs to be considered for the discussion
· Consider using the current FR2-1 MRTD requirements and rules for FR2-2


In this contribution, we further discuss the impact of the higher SCS of 480kHz/960kHz on Timing requirements from 52.6GHz to 71GHz.
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Initial transmit timing error
Initial transmit timing error without margin depends on DL timing estimation which is related to the signal BW. At same time, an addition margin needs to be considered to account for DL to UL switching. In the last meeting, the questions about how much percent of UL CP length Te can occupy without impacting UL system performance was raised. There exist three options.
o	Option 1: Keep the Te within the same percentage of the CP length as existing SCS
o	Option 2: 30%
o	Option 3: 50%
In order to analyse the Te under Option 1, we got Table 1 when considering to keep the same percentage of the CP length as existing SCS. From the results, it is observed that the margin is lower than 1 Ts except the cases of 120kHz uplink signal SCS and the Te is even less than minimum timing error under the worst case (the combination of 120kHz SSB SCS and 960kHz uplink signal SCS). It is very challenging for UE to meet the requirements. 
Observation 1: Te is even less than minimum timing error in the combination of 120kHz SSB SCS and 960kHz uplink signal SCS if keeping the Te within the same percentage of the CP length as existing SCS.
Table 1: initial transmission timing error for Option 1
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	Te (Ts)
	Minimum timing error (Ts)
	Margin (Ts)

	120
	120
	3.5
	0.53
	2.97

	
	480
	0.9
	0.53
	0.37

	
	960
	0.5
	0.53
	-0.03

	480
	120
	3.5
	0.1356
	3.36

	
	480
	0.9
	0.1356
	0.76

	
	960
	0.5
	0.1356
	0.36

	960
	120
	3.5
	0.0678
	3.43

	
	480
	0.9
	0.0678
	0.83

	
	960
	0.5
	0.0678
	0.43



In the current FR2 requirements, the largest percent is about 30% when the combination is 15kHz SCS of SSB and 60kHz SCS of uplink signals. Considering the cell coverage is smaller for FR2-2 compared with FR2-1, the delay spread is also reduced for 52.6-71GHz. Therefore, we propose Te can be allowed to occupy 50% of UL CP length. 
Proposal 1: Te shall be allowed to occupy 50% of UL CP length.
Regarding the combinations of SSB SCS and UL signal SCS for FR2-2, it is feasible to rule out some of the combinations which are challenging for UE to implement. Table 2 shows the uplink CP length, minimum timing error and margin for different combinations under Option 3. From the results, it is observed that for the case of 120kHz SSB SCS and 960kHz uplink signal SCS, the margin is only about 0.59Ts which is challenging for UE implementation. Therefore, we suggest that it is possible to not define requirements for the case of 120kHz SSB SCS and 960kHz uplink signal SCS. We also recognize this would restrict deployment scenarios for 52.6-71GHz. However, in our understanding, there seems to be not much way to solve the problem.
Proposal 2: RAN4 shall not define the Te requirements for the case of 120kHz SSB SCS and 960kHz uplink signal SCS.
Table 2: initial transmission timing error for Option 3
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	CP(Ts)
	Te (Ts)
	Minimum timing error (Ts)
	Margin (Ts)

	120
	120
	18
	3.5
	0.53
	2.47

	
	480
	4.5
	2.25
	0.53
	1.72

	
	960
	2.25
	1.125
	0.53
	0.59

	480
	120
	18
	3.5
	0.1356
	3.36

	
	480
	4.5
	2.25
	0.1356
	2.11

	
	960
	2.25
	1.125
	0.1356
	0.98

	960
	120
	18
	3.5
	0.0678
	3.43

	
	480
	4.5
	2.25
	0.0678
	2.18

	
	960
	2.25
	1.125
	0.0678
	1.05



Maximum Receive Timing Difference
The legacy requirements for MTTD under inter-band NR carrier aggregation are specified as below [TS38.133].
	Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



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
	8 note1

	Between FR1 and FR2
	25 

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






In existing requirements, the MRTD for inter-band NR carrier aggregation is 8us for FR2-1 where 5us reflects the propagation delay difference and 3us comes from timing alignment error. If reusing the existing requirements for FR2-2, the MRTD is approximately four times and eight times as long as the symbol length of 2.25us and 1.125us for higher SCS of 480kHz and 960kHz respectively. In our understanding, this would cause the problem of interruption and L3 scheduling restriction. Especially for L3 scheduling restriction which is defined in units of symbols, too long MRTD requirements would impact system performance. In addition, too long MRTD requirements also need more memory resources and increase costs. Therefore, the new MRTD requirements for higher SCS of 480kHz and 960kHz may need be considered. 
Observation 2: The current MRTD requirement for inter-band NR carrier aggregation is approximately four times and eight times as long as the symbol length of 2.25us and 1.125us for higher SCS of 480kHz and 960kHz respectively.
Proposal 3: The new MRTD requirements for FR2-2 may need be considered compared with FR2-1.
Next we will calculate the specific value of MRTD for 480kHz and 960kHz. According to [2], there exist two factors which should be involved for calculating MRTD:
· Factor 1: Propagation delay difference
· Factor 2: Cell phase synchronization error or timing alignment error (TAE)
For Propagation delay difference, it depends on the maximum physical distances between the base stations. In the current requirements, propagation delay difference of 30us and 5us correspond to 9km and 1.5km for FR1 and FR2-1 respectively. Considering the cell converge is smaller for FR2-2 compared with FR2-1, we suggest the propagation delay difference of FR2-2 should be considered less than 5us.
Proposal 4: The propagation delay difference of FR2-2 should be considered less than 5us.
Another important factor is timing alignment error. In the last meeting, there is no conclusion related to TAE requirements from RF group according to [3]. For higher SCS of 960kHz in FR2-2, the symbol length is 1.125us which is tighter than the legacy requirements ‘3us’. Therefore, we suggest if the higher synchronization requirements can be considered for higher SCS of 480kHz and 960kHz, but the specific details should be discussed in RF group. We propose to define the MRTD requirements until there is conclusion for TAE from RF group. 
Observation 3: For higher SCS of 960kHz in FR2-2, the symbol length is 1.125us which is tighter than the legacy TAE requirements ‘3us’.
Proposal 5: The TAE requirements should wait for the RF group’s conclusion.
Proposal 6: The MRTD requirements for FR2-2 should be defined until there is conclusion for TAE from RF group.
Maximum Transmission Timing Difference
The legacy requirements for MTTD under NR carrier aggregation are specified as below [TS38.133].
	T able 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
	8.5 Note1

	Between FR1 and FR2
	26.1 

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






According to [2], there exist four factors which should be involved for calculating MTTD:
· Factor 1: Propagation delay difference
· Factor 2: Initial transmission timing error
· Factor 3: Uncertainty of the reception time in the UE downlink
· Factor 4: Cell phase synchronization error or timing alignment error (TAE)
In [4], it was pointed that the UL time difference between TAGs is calculated based on the following formula:
MTTD = Propagation delay difference + 2*(Initial transmission timing error + Uncertainty of the reception time in the UE downlink) + Timing alignment error
Similar to the MRTD requirements, the new MTTD requirements for 480kHz and 960kHz in FR2-2 also need to be considered. Since MTTD is related to propagation delay difference and TAE, the above proposals and observations about MRTD are also applicable for MTTD.
Conclusion
Proposal 1: Te shall be allowed to occupy 50% of UL CP length.
Proposal 2: RAN4 shall not define the Te requirements for the case of 120kHz SSB SCS and 960kHz uplink signal SCS.
Proposal 3: The new MTTD/MRTD requirements for FR2-2 need be considered compared with FR2-1.
Proposal 4: The propagation delay difference of FR2-2 should be considered less than 5us.
Proposal 5: The TAE requirements should wait for the RF group’s conclusion.
Proposal 6: The MTTD/MRTD requirements for FR2-2 should be defined until there is conclusion for TAE from RF group.
Observation 1: Te is even less than minimum timing error in the combination of 120kHz SSB SCS and 960kHz uplink signal SCS if keeping the Te within the same percentage of the CP length as existing SCS.
Observation 2: The current MRTD requirement for inter-band NR carrier aggregation is approximately four times and eight times as long as the symbol length of 2.25us and 1.125us for higher SCS of 480kHz and 960kHz respectively.
Observation 3: For higher SCS of 960kHz in FR2-2, the symbol length is 1.125us which is tighter than the legacy TAE requirements ‘3us’. 
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