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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In WID [1] it is stated:
	…
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.

…



The example bands are FDD and TDD. In this contribution we analyze the implication of large TDD cells with cell radius and possible remedies. 
2	Discussion
2.1	Large TDD cells and timing requirements
In WF [2] we have:
	…
Issue 1-1-1: ISD assumption
Agreements:
Investigate the RRM impactions of ISD [14]-200km. 
Further capture the conclusion on square bracket which will come from RF session. 
Issue 1-1-2: Maximum distance between ATG BS and Aircraft UE
Agreements
Maximum distance between ATG BS and Aircraft UE for further RRM analysis is ≥ [200] km. 
Upper bound is FFS.
…
Issue 1-1-4: TDD pattern
Agreements:
· The TDD pattern is up to NW configuration. No impaction on core requirements is observed, and it can be further discussed in the stage of performance.



An ISD of 200 km will imply a cell radius of at least 100 km and up to more than 200 km depending on BS site deployment. Figure 1 show upwards deployment where cell radius is at least 100 km, assuming ISD up to 200 km and equal EIRP and radio propagation. Figure 1 also shows a unidirectional arrangement where all beams point to horizon and the cell radius can be larger than the ISD of 200 km depending on aircraft altitude and cell overlap. In fact, cell radius may be independent of the ISD.
[image: ][image: ][image: ]
[bookmark: _Ref115277561][bookmark: _Hlk126752874]Figure 1: ATG BS antenna pointing upwards or using beams towards the horizon
Observation 1: The cell radius can be more than 200 km for ISD 200km.
2.1.1 Dimensioning of TDD GP
In [3] the TDD GP dimensioning rules are outlined in Figure 2:
[image: ]
Figure 2: TDD GP dimensioning
Where:
· TGUARD :  	Total allocated GP (for both DL to UL and UL to DL guards) 
· TAoffset :  Guard period allocated for the UL to DL switch 
· TDL_UL :    	Guard period allocated for the DL to UL switch
With some assumptions and simplification listed in [3] we get:
TGUARD  ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS onè off), (TUE offè on)) + max ((TBS offè on), (TUE onè off))
Where: 
· TSync: Cell Phase Sync = 3 µs
· Tprop_cell edge: The time to traverse the cell, for the longest distance between the BS site and any UE at the far away cell border.


Figure 3: BS-to-BS interference distance
In our case ISD of up to 200 km results in a Tprop_cell edge time corresponding to a distance of more than 200 km, for BS antenna using beams towards the horizon (Figure 1) or Tprop_cell edge > 100 km in a linear deployment with ATG BS antenna pointing upwards (Figure 1). Finally, Tprop_cell edge > 200*(2/3) km > 133 km for hexagonal deployment (Figure 3). The GP is dimensioned using RTT = 2* Tprop_cell edge for all cases.
Observation 2: The Guard Period, TGUARD > 1.33 ms for a cell radius of 200 km.
2.1.2 Large TDD cells
The Guard Period in TDD normally has to consider the RTT = 2* Tprop_cell edge to make room for the UE moving UL transmission time, to an earlier point in time, based on DL timing reference and TA command, when it moves further away from the BS. This means that we have to set aside a Guard Period (GP) each time we switch from DL to UL. This is shown in Figure 4.
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Figure 4: Guard Period in TDD cells
Observation 3: Large TDD cells are inefficient due to large GP, if we switch often.
TDD networks are nominally all synchronized to the same source and carry the same UL/DL configuration and periodicity. This is an issue for a TDD network with large cells, coexisting with a network with normal to small cells.
Observation 4: The largest cell radius will define the GP for all TDD cells and UL/DL configuration has to be the same for all coexisting (overlapping) TDD networks.
2.1.3 Large ATG cells and potential remedies
Potential remedies to solve the fact that we have large GP for large TDD cells and that this GP has to be the same across coexisting networks include:
· FDD: An FDD-network will always avoid the need for GP altogether. FDD is full duplex at the expense of separate UL and DL bands. This will not solve issue for TDD band like ATG WID model band in 4.8 GHz.
· TDD ATG stand alone: A stand-alone ATG network which does not coexist can switch UL and DL direction less often. If we switch infrequently, then the large GP overhead is not so large, on average. However, we will lose latency due to infrequent TDD switching.
· TDD ATG coexisting with regular terrestrial (TN) TDD: ATG TDD and TN TDD synchronize to common source and coordinate UL and DL configurations and the ATG TDD network surrender DL slots (x) to the TN TDD network:
ATG: DDDDDDDDDDxxxDDDDDDDDDDxxxDDDDDDDDDDxxxDDDDDDDDDDssssssssssUDDDDDDDDDDxxx
TN:    DDDDDDDDDDuuuDDDDDDDDDDuuuDDDDDDDDDDuuuDDDDDDDDDDssssssssssUDDDDDDDDDDuuu
· UE TDD Full Duplex: If TGUARD is deliberately under dimensioned then UE DL (RX) and UE UL (TX) will meet in time, occasionally. This is a complex arrangement, even if an aircraft fuselage might offer some possible TDD TX and RX isolation. This is shown in Figure 5.
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Figure 5: Under dimensioned Guard Period in TDD cells
Proposal 1: RAN4 to investigate remedies to large TDD cells and ATG and TN TDD coexistence like: TDD stand alone, surrendering slots or Full Duplex at ATG UE terminal.
2.1.4	Reduction of the overhead of the guard period
Consider an example of a 300 km ATG cell as a baseline scenario. The round trip time is 2msec. The TDD frame is organized as 10, 0.5msec slots number 1-10, for SCS = 30 kHz. Slots 1-7 should be downlink slots, slot 8 a “special” slot (with most symbols configured for downlink) and slots 9 and 10 are allocated for uplink.
Due to the propagation time to the cell edge, the gNB needs to allocate slots 5, 6, 7 and 8 as a guard period, for this SCS = 30 kHz example. However, all SCS is possible, i.e., 15, 20, 60, 120, 240, 480 and 960 kHz and differs only by scaling the number of slots based on example considered here.
The TDD structure from the UE perspective is as depicted in the figure 6. The UL begins to receive the downlink part of each frame with 2 slots, or 1msec delay. In order that the UE UL transmission arrives at the gNB at the correct time, the UE needs to switch to UL after receiving DL slot 4. After transmitting the two UL slots, at the UE the timing is such that slots 7 and 8, which are guard slots occur. Following the guard slots, the following two slots, marked as “X” in the figure are slots in which the UE does not receive any data because they correspond to the slots during which the gNB received the UL transmission, delayed by 1msec.
[image: ]
Figure 6: Large TDD cell with large GP. 
If the gNB receives information on the propagation delay to the UE. The gNB allocates a guard period starting at twice the propagation delay (i.e., the RTT) earlier than the UL period for a duration equal to the UL period. However, immediately after this guard period, the gNB resumes transmitting DL data to the UE until the UL period commences.
At the UE, the UE is configured such that it applies timing advance to the UL signal (as usual) and then assumes that DL data can commence immediately after it has finished transmitting UL. This is shown in figure 7.
[bookmark: _Hlk127540529]In this way, half of the guard period slots can be removed. From the UE perspective, there is no guard period, however there are two slots within which the UE does not receive downlink (due to no DL transmission during those slots because of UL reception at the gNB).
[image: ]
Figure 7: Large TDD cell with large GP reduced by a factor of 2, ATG UE far away. 
If the cell size is 300 km, but the ATG UE is located at a distance of 150 km from the gNB. The propagation time is 0.5msec or 1 slot. This is shown in figure 8. The gNB is made aware that the propagation time is 0.5 msec. The gNB provides a guard period equal to the propagation time of 0.5msec at 2 slots, or one RTT prior to the UL slots at the gNB, i.e. in slot 7. This is as before, in first example, but scaled to smaller RTT. Due to the fact that the UL is 2 slots in duration, the gNB cannot transmit to the UE in slot 8 because, after propagation delay, the UE will still be transmitting UL during that time.
From the UE perspective, the UE receives the first 6 DL slots and then switches to UL. After transmitting UL, the UE is does not receive any DL in the following 2 slots, as these slots correspond to the time at which the gNB was receiving the UL signal.

[image: ]
Figure 8: Large TDD cell with large GP reduced by a factor of 2. ATG UE closer. 
If the UE is located at 75 km from the gNB. The propagation time is now 0.25 msec, or half of one slot. This is shown in figure 4.
The gNB transmits DL for slots 1-7. A half slot guard period, again equal to the propagation time in slots, is inserted at 1 RTT = 0.5 msec (1 slot) prior to the UL period at the start of slot 8. The gNB cannot transmit during the remainder of slot 8 because the DL transmission would overlap with the UE UL transmission.
From the UE perspective, the UE receives the first 7 DL slots and then switches to UL. After the UL slots, the UE does not receive anything for 1 slot, since this slot corresponds to the second UL slot reception at the gNB.
[image: ]
Figure 9: Large TDD cell with large GP reduced by a factor of 2. ATG UE even closer. 
Observation 5: If the gNB receives information on the propagation delay to the UE, then at least half of the GP could be removed.
2.2	Other timing and frequency adjustment issues
In WF [2] we have:
	…
3.	Timing and frequency adjustment 
3.1.	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.
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.
3.2.	Timing and frequency pre-compensation by UE
[bookmark: _Hlk127449719]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 
3.3.	Timing requirements
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
…



2.2.1 UE based Timing pre-compensation
Ericsson prefers the ATG standard to be as general as possible supporting ISD of [14] – 200 km and cell ranges up to 300 km, as originally proposed in the WID. It has already been agreed in WF [2] that PositionVelocity-r17 in TS 38.331 can be used to signal the BS location to ATG UE and that UE-based pre-compensation shall be supported in ATG networks. Given that PositionVelocity-r17 is already part of NTN standard in release-17 and NTN supports the desired ISD of [14] – 200 km and cell ranges up to 300 km, then we propose that the NTN standard is used for UE based Timing pre-compensation.

Proposal 2: The NTN standard is used for UE based Timing pre-compensation.
2.2.2 UE transmit timing
Given that we in proposal 2 state that NTN standard is used for UE based Timing pre-compensation, then we inherit the UE initial transmit timing error requirements from the NTN standard.
Proposal 3: UE initial transmit timing error requirements, Te , from the NTN standard can be used, since we propose the NTN standard to be the base for UE timing pre-compensation.
2.2.3 UE gradual timing requirements
The gradual timing requirements can be adapted for ATG. For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
Proposal 4: The gradual timing requirements can be adapted for ATG. For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
2.2.4 Timing advance
Regarding Issue 3-3-2, For timing Advance adjustment accuracy requirement, the WF [2] states that legacy value can be reused. That is fine, but WF also states:
Way forward:
•	Further discuss timing advance adjustment delay requirement.
Since we in Proposal 2 state that the NTN standard is used for UE based Timing pre-compensation, then we inherit the timing advance mechanism of NTN:

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE.
Proposal 5: Since we in proposal 2 state that the NTN standard is used for UE based Timing pre-compensation, then we inherit the timing advance mechanism of NTN: 
3 	Summary
Observation 1: The cell radius can be more than 200 km for ISD 200km.
Observation 2: The Guard period, TGUARD > 1.33 ms for a cell radius of 200 km.
Observation 3: Large TDD cells are inefficient due to large GP, if we switch often.
Observation 4: The largest cell radius will define the GP for all TDD cells and UL/DL configuration has to be the same for all coexisting (overlapping) TDD networks.
Proposal 1: RAN4 to investigate remedies to large TDD cells and ATG and TN TDD coexistence like: TDD stand alone, surrendering slots or Full Duplex at ATG UE terminal.
Observation 5: If the gNB receives information on the propagation delay to the UE, then at least half of the GP could be removed.
Proposal 2: The NTN standard is used for UE based Timing pre-compensation.
Proposal 3: UE initial transmit timing error requirements, Te , from the NTN standard can be used, since we propose the NTN standard to be the base for UE timing pre-compensation.
Proposal 4: The gradual timing requirements can be adapted for ATG. For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS.
Proposal 5: Since we in proposal 2 state that the NTN standard is used for UE based Timing pre-compensation, then we inherit the timing advance mechanism of NTN: 
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