[bookmark: _Hlk41145946]3GPP TSG-RAN WG4 Meeting # 105      		R4-2218666
[bookmark: _Hlk117781962]Toulouse, France, Nov 14 – Nov 18, 2022

Agenda Item:	8.13.4.3
[bookmark: _Hlk41145958]Source: 	CMCC
[bookmark: _Hlk41145953][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Title: 			 Discussion on RRM timing requirements for ATG
Document for:	Discussion
1. Introduction
In RAN4#104-bis-e meeting, ATG basic assumptions and ATG impactions were discussed, RRM requirements have been further down-scoped, 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 and Kmac
· For Kmac, no need to consider Kmac in ATG network
· For Koffset,
· Option 1: Introduce the mechanism of Koffset in ATG system. The conclusion can be revisited after RF session draw the final conclusion about ISD and so on. (HW, CMCC, LGE, Ericsson)
· Option 2: FFS the Koffset. (ZTE, CATT, HW)
For Koffset, in 15kHz SCS scenario, if the cell radius larger than 150km, where the RTT will larger than 1ms=1slot, Koffset should be configured to compensate the RTT between UE and BS. In 30kHz SCS scenario, if the cell radius larger than 75km, where the RTT will larger than 0.5ms=1slot, Koffset should be configured to compensate the RTT between UE and BS. 
As we proposed in Proposal 1 in our contribution [2], ISD [14]km-200km is taken as the basic assumption, the cell radius may exceed 75km, therefore, Koffset mechanism shall be introduced in ATG network. The Koffset value is configured by network through Kcell,offset and KUE,offset.
Proposal 1: Introduce the mechanism of Koffset in ATG system. 
Issue 3-1-3: BS location
· [bookmark: _Hlk117260826]Option 1: PositionVelocity-r17 in TS 38.331 can be used to signal path of BS relative to ATG UE (Ericsson, CMCC, LGE, ZTE, CATT)
· Option 1-1: the location should be in geodetic coordinate, not relative to ATG UE (CATT)
In the current specification, the definition of PositionVelocity-r17 is as below:
	EphemerisInfo-r17 ::=          CHOICE {
    positionVelocity-r17           PositionVelocity-r17,
    orbital-r17                    Orbital-r17
}

PositionVelocity-r17 ::=       SEQUENCE {
    positionX-r17                  PositionStateVector-r17,
    positionY-r17                  PositionStateVector-r17,
    positionZ-r17                  PositionStateVector-r17,
    velocityVX-r17                 VelocityStateVector-r17,
    velocityVY-r17                 VelocityStateVector-r17,
    velocityVZ-r17                 VelocityStateVector-r17
}
positionX, positionY, positionZ
X, Y, Z coordinate of satellite position state vector in ECEF. Unit is meter.
Step of 1.3 m. Actual value = field value * 1.3.


Based on our understanding, Option 1 and Option 1-1 has the same meaning which can be agreed. To avoid wording ambiguity, we propose that:
Proposal 2: PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG UE.
2.2. Timing pre-compensation by UE
Issue 3-2-1: Whether to introduce UE based Timing pre-compensation
· Option 1: Use the current timing adjustment procedure (close-loop TA adjustment) as baseline for timing requirements, The conclusion could be revisited after receiving the input about ISD and cell radius from RF session. (CMCC, HW, LGE)
· Option 2: Use the current timing adjustment procedure (close-loop TA adjustment) as baseline for timing requirements, other benefits such as signalling overhead reduction need to be investigated further by introducing timing pre-compensation. (LGE)
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 SCS is 15kHz and 1ms RTT when SCS is 30kHz. Considering of ISD [14]-200km, the largest cell radius is about 100km, the corresponding maximum RTT is about 0.67ms. Therefore, the max RTT can be covered with current timing advance command.
In RRC-Connected state, one TAC MAC CE could compensate the timing drift of 0.016ms. With the assumption of max UE speed 1200km/h, if network can update the TA within 7.26s for 15kHz SCS and 3.63s for 30kHz SCS, the timing drift caused by UE movement can be addressed by one TAC. 
With above analysis, we think the current procedure of transmission timing adjustment could handle timing compensation in ATG network, therefore, there is no need to introduce the UE based UL timing pre-compensation.
Proposal 3: There is no need to introduce the UE based UL timing pre-compensation under the ISD assumption of [14]-200km.
2.3. Timing requirements
Issue 3-3-1-1: Initial transmit timing requirements Te
· Option 1: The initial transmit timing requirement Te need to be defined for ATG UE, and the requirements for NTN UE can be used as baseline. (CATT)
· Option 2: Reuse the legacy R15 TN requirement for initial transmit timing requirement Te with the assumption of ISD 100-200km. The issue should be reviewed after receiving the conclusion about ISD and cell radius from RF session. (CMCC, HW, ZTE, Ericsson)
Based on our analysis of proposal 17, there is no need to introduce the UE based UL timing pre-compensation, the initial transmit timing requirement Te can reuse the legacy R15 TN requirement.
Proposal 4: Reuse the legacy R15 TN requirement for initial transmit timing requirement Te with the assumption of ISD [14]-200km. 
Issue 3-3-1-2: Gradual timing adjustment
· Option 1: The requirements of gradual timing adjustment for TN or NTN in Rel-17 can be used as baseline if UE TA pre-compensation is used, otherwise Tp and Tq may be need updated. (CATT)
· Option 2: Tp and Tq shall be updated. (HW, CMCC, Ericsson, ZTE)
· Option 2-1: 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, HW)
First of all, without introducing UE based timing pre-compensation, the TN gradual timing adjustment procedure can be used as the baseline.
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 and 30kHz SCS, the Tq used by UE should be , which is 9.5Ts.
Proposal 5: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
Issue 3-3-2: Timing advance
· Option 1: The open loop TA (UE specific TA) and close loop TA (TAC based adjustment) are necessity for TAG UE and koffset mechanism may need if coverage is assumed larger than 100km. (CATT)
· Option 2: The koffset mechanism may need to be introduced in timing advance adjustment delay requirement. (CMCC)
· Option 3: Legacy close loop TA (TAC based adjustment) is enough, if cell range < 100 km, based on agreement in Issue 1-1: ISD assumption Agreement in GTW session: First study ATG RRM requirements with ISD assumption of 100-200km. (Ericsson)
This issue will be discussed in two parts.
First is timing advance adjustment delay requirement. The koffset mechanism need to 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].


Second is timing Advance adjustment accuracy requirement, legacy value can be reused.
Proposal 6: For timing advance adjustment delay requirement. The koffset mechanism need to be introduced 
Proposal 7: For timing Advance adjustment accuracy requirement, legacy value can be reused.
Issue 3-3-4: deriveSSB-IndexFromCell and deriveSSB-IndexFromCell-inter tolerance 
· Option 1: Legacy TN requirement can be reused (CATT, CMCC, HW, ZTE)
· Option 1-1: It is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not, based the real deployment scenario, such as ISD (CMCC, HW, ZTE, CATT)
· Option 2: it is proposed to further study Alt 1~3 for cell phase timing misalignment (Apple)
· Alt 1: a new offset shall be added on top of deriveSSB-IndexFromCell. deriveSSB-IndexFromCell is enabled/true, but the target cell for measurement shall be offset by the propagation time difference between serving and target cell. (LGE)
· Alt 2: if propagation time difference between serving and target is unknown, all the case shall be treated as deriveSSB-IndexFromCell=disabled
· Alt 3: new signaling is introduced for cell phase timing misalignment, the time difference is indicated by using difference IEs
· Option 3: Due to longer propagation delay, deriveSSB-IndexFromCell is not valid for ATG FR1 TDD. RAN4 can further discuss whether the applicability of deriveSSB-IndexFromCell according to the propagation delay information is valid. (LGE)
Option 4: FFS (Ericsson)
Based on our understanding, the tolerance requirement can be used for every scenario, if UE could satisfy the tolerance requirement, then UE could derive neighbour cell SSB-Index according to serving cell SSB-Index. However, in ATG scenario, because of the large propagation delay between cells, the tolerance requirement couldn’t be satisfied in most cases. Therefore, on one hand, legacy TN requirement can be reused, on the other hand, it is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not, based on the real deployment scenario, such as ISD.
Proposal 8: Legacy TN requirement can be reused, it is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not, based on the real deployment scenario, such as ISD. 
3. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Introduce the mechanism of Koffset in ATG system. 
Proposal 2: PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG UE.
Proposal 3: There is no need to introduce the UE based UL timing pre-compensation under the ISD assumption of [14]-200km.
Proposal 4: Reuse the legacy R15 TN requirement for initial transmit timing requirement Te with the assumption of ISD [14]-200km. 
Proposal 5: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
Proposal 6: For timing advance adjustment delay requirement. The koffset mechanism need to be introduced 
Proposal 7: For timing Advance adjustment accuracy requirement, legacy value can be reused.
Proposal 8: Legacy TN requirement can be reused, it is up to network to decide whether to enable ‘deriveSSB-IndexFromCell’ and ‘deriveSSB-IndexFromCell-inter’ or not, based on the real deployment scenario, such as ISD. 
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