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Introduction
In RAN4, the RRM impacts for R18 ATG have been discussed, and the progress achieved in RAN4#105 meeting was captured in WF [1]. In this contribution, we will continue the discussion on the open issues for R18 ATG timing requirements.
Discussion
For timing requirements, the agreements and open issues in WF [1] are listed as follows:
	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. 
· [bookmark: _Hlk126863111]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.
Issue 3-1-2: BS location
· Option 1: Informing UE the BS location may not be needed for RRM requirements. (CATT)
· Option 2: PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG UE. (CMCC, HW, ZTE (Then UE can perform frequency pre-compensation based on the path between BS and itself.))
· Option 3: RAN4 can study following options to inform BS location. (LGE)
· Alt 1. ReferenceLocation-r17.
· Alt 2. PositionVelocity-r17.
· Alt 3. ReferenceLocation-r17 or PositionVelocity-r17. It is up to NW implementation.
Agreement:
· PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG 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 
Issue 3-3-1: UE transmit timing 
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.
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. (CMCC, Ericsson)
· Option 2: The maximum aggregate adjustment rate is changed to Tq per 100ms for ATG UE. (CATT)
· Option 3: Tp and Tq shall be updated for ATG UE. (Apple, ZTE)
Issue 3-3-2: Timing advance
Agreements:
· [bookmark: _Hlk118881565]For timing Advance adjustment accuracy requirement, legacy value can be reused.
Way forward:
· Further discuss timing advance adjustment delay requirement.
Issue 3-3-4: deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance 
· Option 1: Legacy TN requirement can be reused. It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not (CATT, CMCC, Apple, HW, ZTE)
· Option 2: RAN4 to study to utilize the deriveSSB-IndexFromCell based on the propagation delay difference between serving and neighbor cell. (LGE)
Agreement:
· Legacy TN requirement can be reused. Whether ‘deriveSSB-IndexFromCell’ and/or ‘deriveSSB-IndexFromCell-inter’ are applicable to ATG scenarios is FFS


 For NTN network, Koffset is introduce to enhance the DL-UL timing interaction due to the large propagation delay which could be hundreds of ms for GEO scenarios and tens of ms for LEO scenarios.
In TS 38.213, the following are defined for TN network.
	A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance command MAC CE, [image: ], for a TAG indicates [image: ] values by index values of [image: ] = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of [image: ] kHz is [image: ]. [image: ] is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response or absolute timing advance command MAC CE.
…
[bookmark: _Hlk531876341]For a timing advance command received on uplink slot [image: ] and for a transmission other than a PUSCH scheduled by a RAR UL grant or a fallbackRAR UL grant as described in clause 8.2A or 8.3, or a PUCCH with HARQ-ACK information in response to a successRAR as described in clause 8.2A, the corresponding adjustment of the uplink transmission timing applies from the beginning of uplink slot [image: ] where [image: ], [image: ] is a time duration in msec of [image: ] symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, [image: ] is a time duration in msec of [image: ] symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214], [image: ] is the maximum timing advance value in msec that can be provided by a TA command field of 12 bits, [image: ] is the number of slots per subframe, and [image: ] is the subframe duration of 1 msec. [image: ] and [image: ] are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and of all configured DL BWPs for the corresponding downlink carriers. For [image: ], the UE assumes [image: ] [6, TS 38.214]. Slot [image: ] and [image: ] are determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG. [image: ] is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs for all uplink carriers in the TAG and for all configured initial UL BWPs provided by initialUplinkBWP. The uplink slot [image: ] is the last slot among uplink slot(s) overlapping with the slot(s) of PDSCH reception assuming , where the PDSCH provides the timing advance command and  is defined in [4, TS 38.211].


[bookmark: _Hlk126865951]It can be observed that the maximum timing advance is considered when calculating k value for deriving the scheduling time line. Based on the maximum timing advance, the maximum propagation delay/distance allowed in TN network can be summarized as Table 1.
Table 1: Maximum propagation delay/distance allowed for TN network
	SCS
(kHz)
	Maximum TA (RTT)
	[bookmark: _Hlk126865916]Maximum propagation delay (us)
	Maximum propagation distance (km)

	
	Unit: Ts
	Unit: us
	
	

	15
	61536
	≈2003
	≈1001
	≈300

	30
	30768
	≈1001
	≈500
	≈150

	60
	15384
	≈500
	≈250
	≈75


For ATG, considering the cell coverage range of 100 km (ISD of 200 km) and the height of 10000 m, the max distance between ATG UE and gNB is around 100 km. The existing maximum timing advance for TN network is large enough for ATG network when SCS is 15kHz or 30kHz. There is no need to introduce Koffset to enhance the timing relationship.
Proposal 1: There is no need to introduce Koffset for ATG network since the existing maximum timing advance is large enough for ATG network.
[bookmark: _Hlk126936800]The current UE initial transmit timing error requirements for TN are derived according to the downlink timing estimation error. Since RAN4 agreed to support UE-based timing pre-compensation for ATG networks, the UE initial transmit timing error requirements for ATG can be derived by the current UE initial transmit timing error requirements with adding the UE pre-compensation timing error. For ATG, UE can perform timing pre-compensation according to the propagation distance between BS location and UE location. BS location is indicated by network and UE location is based GNSS positioning. The UE pre-compensation timing error id
Proposal 2: The UE initial transmit timing error requirements (Te,ATG) for ATG  can be derived by the legacy UE initial transmit timing error requirements (Te) with adding the UE pre-compensation timing error.
For gradual timing adjustment, maximum aggregate timing adjustment rate is defined according to the time drift rate due to UE movement and frequency error. For ATG network, the flight speed is up to 1200km/h. Then, the required maximum autonomous timing adjustment step (Tq) for ATG network can be summarized as Table 2.
Table 2: maximum autonomous timing adjustment for AGT
	Parameters
	Values

	Frequency error
	±0.1 PPM

	Time drift due to frequency error per 200ms
	20 ns

	Time drift due to UE movement (1200km/h) per 200ms
	222.2 ns

	Total time drift (Unit: ns)
	242.2 ns (≈7.44Ts)

	UL SCS 
	15KHz
	30 KHz
	60 KHz

	Minimum Bandwidth of UL transmission
	5MHz
	5MHz
	10MHz

	Sample period of UL transmission
	4Ts
	4Ts
	2Ts

	Tq (without DigRF error)
	8Ts
	8Ts
	8Ts

	Tq (with 1.5Ts DigRF error)
	9.5 Ts
	9.5 Ts
	9.5 Ts

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


Proposal 3: For ATG network, considering of up to 1200km/h flight speed, the requirements on Tp and Tq for gradual timing adjustment need to be defined as 9.5Ts.
The timing advance adjustment delay for TN network is defined as k, where the allowed maximum propagation delay/distance is enough for ATG network. So, the timing advance adjustment delay for TN network can be reused for ATG network.
Proposal 4: For ATG network, the current timing advance adjustment delay requirement for TN network can be reused.
Conclusions
[bookmark: _GoBack]In this paper we provided our analysis on timing requirements for ATG network. The followings are provided.
Proposal 1: There is no need to introduce Koffset for ATG network since the existing maximum timing advance is large enough for ATG network.
Proposal 2: The UE initial transmit timing error requirements (Te,ATG) for ATG  can be derived by the legacy UE initial transmit timing error requirements (Te) with adding the UE pre-compensation timing error.
Proposal 3: For ATG network, considering of up to 1200km/h flight speed, the requirements on Tp and Tq for gradual timing adjustment need to be defined as 9.5Ts.
Proposal 4: For ATG network, the current timing advance adjustment delay requirement for TN network can be reused.
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