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1. Introduction
In RAN4#105 meeting, ATG basic network layout assumptions and timing related technical proposals were discussed, the WF has been approved in [1]. In this contribution, we continue the discussion about RRM timing impaction on ATG.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Timing Requirements
2.1. General issues 
Issue 3-1-1: The mechanism of Koffset
· Option 1: No need to consider Koffset in ATG network.
· Option 2: Introduce the mechanism of Koffset in ATG system. 
· Option 2-1: For Koffset, considering the RTT for cell edge UE, for the case of 30kHz, maybe existing scheduling time line of n+k is not sufficient. While for the case of 15kHz, since the maximum RTT would not beyond one slot, the necessity of Koffset is not obvious.
Generally, we agree with Option 2-1. We will give further analysis of whether the existing scheduling timeline of n+k+1 is sufficient or not for the case of 30kHz SCS.
Based on TS 38.213, 
·  is a time duration in msec of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured
·  is a time duration in msec of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214]
·  is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits
·  mesc is the MAC processing latency
·  is the number of slots per subframe,  is the subframe duration of 1 msec
Therefore, only  can be used to compensate the RTT delay, = 3846*16*64/2µ*Tc=2ms/2µ. According to our analysis in [2], the maximum distance between UE and gNB is 250km, the corresponding maximum RTT is about 1.67ms.
For 30kHz SCS,  = 1ms. The maximum RTT cannot be covered by . Therefore, the mechanism of Koffset should be introduced in ATG system 30kHz SCS.
For 60kHz SCS,  = 0.5ms, similar analysis as 30kHz SCS, the mechanism of Koffset should be introduced.
Observation 1: 
· For the case of 15kHz SCS, the legacy TA adjustment timeline n+k+1 is sufficient.
· For the case of 30kHz and 60kHz SCS, the legacy TA adjustment timeline n+k+1 could not cover maximum RTT.
Proposal 1: Introduce the mechanism of Koffset as NTN. Whether and how to configure Koffset is up to network implementation.
2.2. Timing pre-compensation by UE
Issue 3-2-1: Whether to introduce UE based Timing pre-compensation
Agreements
· Support UE-based timing pre-compensation for ATG networks 
· FFS for details and whether NTN-based solution can be reused 
Refer to the current procedure of transmission timing adjustment, which is sub-clause 4.2 in TS 38.213, in case of random access, the TAC can cover 2ms RTT when 15kHz SCS, 1ms RTT when 30kHz SCS and 0.5ms when 60kHz SCS. 
According to our analysis in [2], the maximum distance between UE and gNB is 250km, the corresponding maximum RTT is about 1.67ms. Therefore, in the case of 15kHz SCS, the max RTT can be covered with current timing advance command, while in the case of 30kHz and 60kHz SCS, the max RTT cannot be covered with current timing advance command. In order to guarantee the network performance, UE-based timing pre-compensation for ATG network should be supported for initial transmission in case of 30kHz and 60kHz SCS.
Observation 2:
· In the case of 15kHz SCS, the max RTT can be covered with current timing advance command.
· In the case of 30kHz and 60kHz SCS, the max RTT cannot be covered with current timing advance command.
Proposal 2: In case of 30kHz and 60kHz SCS, UE-based timing pre-compensation for ATG network should be supported for initial transmission.
2.3. Timing requirements
Issue 3-3-1-1: Initial transmit timing requirements Te
· Option 1: The legacy R15 TN requirement for initial transmit timing requirement Te can be reused.
· Option 2: The Te should be revised, FFS the value.
Based on proposal 2, in case of 30kHz and 60kHz SCS, UE-based timing pre-compensation for ATG network should be supported for initial transmission. In order to calculate NUE,specific, UE should read BS location through SIB ,and use GNSS to acquire its own location. Since BS location is fixed, no error is needed to be considered. As for GNSS error, we propose to refer NTN solution, take 50m as GNSS assumption. Follow this assumption, we calculate the Te_ATG as in Table 1.
Table 1. Te_ATG timing error limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Error introduced by GNSS
	Te_ATG
	CP/2

	1
	15
	15
	12*64*Tc
	N/A
	12*64*Tc
	72*64*Tc

	
	
	30
	10*64*Tc
	10*64*Tc
	20*64*Tc
	36*64*Tc

	
	
	60
	10*64*Tc
	10*64*Tc
	20*64*Tc
	18*64*Tc

	
	30
	15
	8*64*Tc
	N/A
	8*64*Tc
	72*64*Tc

	
	
	30
	8*64*Tc
	10*64*Tc
	18*64*Tc
	36*64*Tc

	
	
	60
	7*64*Tc
	10*64*Tc
	17*64*Tc
	18*64*Tc


The total timing error should be smaller than 0.5*CP in order to against the ISI. Except for Te_ATG, delay spread and TA adjustment error should also be included in total timing error. 
[bookmark: _Hlk123917796]In the case of 60kHz SCS, the total timing error will be larger than CP/2, therefore, we propose not to define Te_ATG requirement for UL SCS = 60kHz in Rel-18.
Proposal 3: Don’t define Te_ATG requirement for UL SCS = 60kHz in Rel-18. 
Proposal 4: Define Te_ATG requirements as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	12*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	N/A

	
	30
	15
	8*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A


Issue 3-3-1-2: Gradual timing adjustment
· Option 1: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS. 
· Option 2: The maximum aggregate adjustment rate is changed to Tq per 100ms for ATG UE.
· Option 3: Tp and Tq shall be updated for ATG UE. 
As we proposed in proposal 2, for 15kHz SCS, the legacy TA solution could be used. For 30kHz SCS, UE-based timing pre-compensation for ATG network should be supported.
Therefore, for UL 15k SCS, the reference timing shall be [image: ]. Regarding the exact Tp and Tq value, Tq should include time drift due to frequency error per 200ms, time drift due to UE movement per 200ms, and 1.5Ts DigRF error. We provide the calculation in Table 3 with the assumption of max UE speed 1200km/h.
Table 3. Time drift calculation
	Factors
	Time drift

	Frequency error
	[0.1]PPM

	Time drift due to frequency error
	[20]ns

	speed of UE movement
	1200km/h
aircraft

	Time drift due to UE movement per [200]ms
	222.2ns

	Sum of time drift above
	7.45Ts

	DigRF error
	1.5Ts


Considering of the sample period of UL transmission is 4Ts in 15kHz, the Tq used by UE should be , which is 9.5Ts.
Proposal 5: For UL 15k SCS, the reference timing shall be (NTA + NTA-offset)×Tc, the Tq_ATG and Tp_ATG should be 9.5*64*Tc.
For 30kHz SCS, the reference timing shall be (NTA + NTA-offset + NTA,UE-specific)×Tc. The time drift due to UE movement will be compensate by NTA,UE-specific, therefore, the legacy Tp and Tq value can be reused, which is 5.5Ts.
Proposal 6: For UL 30kHz SCS, the reference timing shall be (NTA + NTA-offset + NTA,UE-specific)×Tc, the Tq_ATG and Tp_ATG should be 5.5*64*Tc.
Issue 3-3-2: Timing advance
· Agreements:
· For timing Advance adjustment accuracy requirement, legacy value can be reused.
· Way forward:
· Further discuss timing advance adjustment delay requirement.
As we proposed in Proposal 1, Koffset mechanism should be introduced. An example specification wording is:
	UE shall adjust the timing of its uplink transmission timing from the beginning of uplink at time slot n+ k+1+2µ  for a timing advance command received in time slot n, and the value of k, µ and  are defined in clause 4.2 in TS 38.213 [3].


Proposal 7: The koffset mechanism need to be introduced into timing advance adjustment delay requirement.
Issue 3-3-4: deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance 
· Agreement:
· Legacy TN requirement can be reused. Whether ‘deriveSSB-IndexFromCell’ and/or ‘deriveSSB-IndexFromCell-inter’ are applicable to ATG scenarios is FFS 
The requirements for FR1 are as below for information:
	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) for sub-carrier spacings of SSB and PDSCH up-to 240 kHz


When SCS of PDSCH is 15kHz, the tolerance is about 0.07ms, which means if the , the tolerance requirement can be fulfilled, D1 is the distance from UE to serving cell, D2 is the distance from UE to neighbour cell. Based on current network layout and ISD assumption of 14-200km, when ISD is smaller than 21km, the tolerance requirement can be fulfilled.
When SCS of PDSCH is 30kHz, the tolerance is about 0.07ms, which means if the , the tolerance requirement can be fulfilled. Based on current network layout and ISD assumption of 14-200km, even the minimum ISD deployment 14km, the tolerance requirement cannot be always fulfilled.
[image: ]
Observation 3: 
· When SCS of PDSCH is 15kHz, and ISD is smaller than 21km, the tolerance requirement can be fulfilled.
· When SCS of PDSCH is 30kHz, the tolerance requirement cannot be fulfilled.
Therefore, we think it is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not based on DL SCS and ISD.
Proposal 8: It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not based on DL SCS and ISD. 
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Observation 1: 
· For the case of 15kHz SCS, the legacy TA adjustment timeline n+k+1 is sufficient.
· For the case of 30kHz and 60kHz SCS, the legacy TA adjustment timeline n+k+1 could not cover maximum RTT.
Proposal 1: Introduce the mechanism of Koffset as NTN. Whether and how to configure Koffset is up to network implementation.
Observation 2:
· In the case of 15kHz SCS, the max RTT can be covered with current timing advance command.
· In the case of 30kHz and 60kHz SCS, the max RTT cannot be covered with current timing advance command.
Proposal 2: In case of 30kHz and 60kHz SCS, UE-based timing pre-compensation for ATG network should be supported for initial transmission.
Proposal 3: Don’t define Te_ATG requirement for UL SCS = 60kHz in Rel-18. 
Proposal 4: Define Te_ATG requirements as follows:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	12*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	N/A

	
	30
	15
	8*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A


Proposal 5: For UL 15k SCS, the reference timing shall be (NTA + NTA-offset)×Tc, the Tq_ATG and Tp_ATG should be 9.5*64*Tc.
Proposal 6: For UL 30kHz SCS, the reference timing shall be (NTA + NTA-offset + NTA,UE-specific)×Tc, the Tq_ATG and Tp_ATG should be 5.5*64*Tc.
Proposal 7: The koffset mechanism need to be introduced into timing advance adjustment delay requirement.
Observation 3: 
· When SCS of PDSCH is 15kHz, and ISD is smaller than 21km, the tolerance requirement can be fulfilled.
· When SCS of PDSCH is 30kHz, the tolerance requirement cannot be fulfilled.
Proposal 8: It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not based on DL SCS and ISD.
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