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1. Introduction
In RAN4#106 meeting, the mechanism of UE timing pre-compensation has been agreed to be introduced, the WF has been approved in [1]. In this contribution, we continue the discussion about RRM timing requirement on ATG.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Timing requirements 
Issue 3-1-1: How to introduce UE based Timing pre-compensation
Agreement:
· UE-based timing pre-compensation for ATG network should be supported in case of 15KHz, 30kHz and 60kHz SCS.
· Network is expected to provide location information to assist UE-based timing pre-compensation for ATG network
· Option 1: Reuse SIB19 for ATG.
· Other options are not precluded
Based on the discussion in RRM and Demod Session so far, the UE-based timing pre-compensation and frequency pre-compensation are very important for ATG, which both rely on BS location information. In last meeting, a LS has been sent to RAN2 to enquire whether SIB19 can be reused for ATG to provide location information, if not, an alternative solution is requested [2]. Therefore, we should wait for the RAN2’s reply first. 
Proposal 1: Wait the reply LS from RAN2 about how to provide BS location information to UE. 
Issue 3-1-2: Initial transmit timing requirements Te
Agreement: 
· For Initial transmit timing requirements Te, UE pre-compensation timing error should be considered. 
· The GNSS accuracy is FFS.
· Option 1: 50m
· Option 2: 30m
· Others are not precluded.
Assuming 50m as GNSS accuracy, we calculate the corresponding Te_ATG as in Table 1:
Table 1. Te_ATG timing error limit with 50m GNSS error
	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
	10*64*Tc
	22*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
	10*64*Tc
	18*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


Assuming 30m as GNSS accuracy, we calculate the corresponding Te_ATG as in Table 2:
Table 2. Te_ATG timing error limit with 30m GNSS error
	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
	6*64*Tc
	18*64*Tc
	72*64*Tc

	
	
	30
	10*64*Tc
	6*64*Tc
	16*64*Tc
	36*64*Tc

	
	
	60
	10*64*Tc
	6*64*Tc
	16*64*Tc
	18*64*Tc

	
	30
	15
	8*64*Tc
	6*64*Tc
	14*64*Tc
	72*64*Tc

	
	
	30
	8*64*Tc
	6*64*Tc
	14*64*Tc
	36*64*Tc

	
	
	60
	7*64*Tc
	6*64*Tc
	13*64*Tc
	18*64*Tc


Comparing the Te_ATG in above tables, the requirement for uplink 60kHz SCS can be defined only with 30m GNSS error assumption.
Observation 1: For uplink 60kHz SCS, the Te_ATG requirement can be defined only under 30m GNSS error assumption. 
Observation 2:
· The Te_ATG requirement under 50m GNSS error assumption is:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	22*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	N/A

	
	30
	15
	18*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A


· The Te_ATG requirement under 30m GNSS error assumption is:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	18*64*Tc

	
	
	30
	16*64*Tc

	
	
	60
	16*64*Tc

	
	30
	15
	14*64*Tc

	
	
	30
	14*64*Tc

	
	
	60
	13*64*Tc


In NTN WI, the GNSS accuracy assumption is 50m for UE pre-compensation timing error, we think it can be reused as baseline for ATG. Further, considering ATG UE which is CPE type is more powerful than handheld terminal, and Te_ATG requirement for UL 60kHz SCS can be defined only under 30m GNSS error assumption, we think Option 2 is feasible and reasonable for ATG.
Proposal 2: Prefer to take 30m as GNSS accuracy for ATG CPE.
Issue 3-1-3: Gradual timing adjustment
Agreement:
· Option 1: the Tq_ATG and Tp_ATG should be 5.5*64*Tc for all SCSs
· Option 2: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and UL SCS 15kHz and 30kHz SCS. 
· Other options are not precluded.
After introducing UE timing pre-compensation, the RTT between UE and BS will be compensate by . As shown in Figure below.
[image: ]
Figure 1.
When the transmission timing error between the UE and the reference timing exceeds Te_ATG then the UE is required to adjust its timing to within Te_ATG. The reference timing shall be  before the downlink timing of the reference cell.
If the DL Timing drift causing by UE movement can be tracking by UE GNSS or other methods, then Option 1 can be reused.
If the DL timing drift can’t be tracking, then Option 2 should be reused to cover the timing drift causing by UE movement by Tp_ATG and Tq_ATG
Considering there is no assumption that UE will perform real-time location tracking in ATG, we are fine to use Option 2 for gradual timing adjustment.
Proposal 3: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and all SCSs. 
Proposal 4: Whether Tq_ATG and Tp_ATG for UL 60kHz SCS can be defined depends on whether Te_ATG for UL 60kHz SCS can be defined. If Te_ATG for UL 60kHz SCS can be defined, then Tq_ATG and Tp_ATG for UL 60kHz SCS can also be defined, and vice versa.
3. Guard period as Large TDD cell impaction 
Issue 3-2-1: Guard period issue due to large TDD cell and coexistence demand
· Option 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.
· The cell radius can be more than 200 km for ISD 200km.
· The Guard period, TGUARD > 1.33 ms for a cell radius of 200 km.
· Large TDD cells are inefficient due to large GP, if we switch often.
· 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.
· If the gNB receives information on the propagation delay to the UE, then at least half of the GP could be removed.
· Other Options are not precluded.
In last meeting, some companies observed that if the gNB receives information on the propagation delay to the UE, then at least half of GP could be removed.
Generally, we agree with this observation. However, to implement this strategy, there are some restrictions:
1. There should be only one UE under the serving cell, or the TDD pattern for all UEs is same, or the isolation distance between UEs is enough. Or else, there may be interference between UEs as shown in Figure 2.


Figure 2. 
2. When the propagation delay changes, the TDD pattern (GP) need to make the corresponding changes in time, or else, there will be interference as shown in Figure 3.
[image: ]
Figure 3.
4. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: Wait the reply LS from RAN2 about how to provide BS location information to UE. 
Observation 1: For uplink 60kHz SCS, the Te_ATG requirement can be defined only under 30m GNSS error assumption. 
Observation 2:
The Te_ATG requirement under 50m GNSS error assumption is:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	22*64*Tc

	
	
	30
	20*64*Tc

	
	
	60
	N/A

	
	30
	15
	18*64*Tc

	
	
	30
	18*64*Tc

	
	
	60
	N/A


The Te_ATG requirement under 30m GNSS error assumption is:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_ATG

	1
	15
	15
	18*64*Tc

	
	
	30
	16*64*Tc

	
	
	60
	16*64*Tc

	
	30
	15
	14*64*Tc

	
	
	30
	14*64*Tc


Proposal 2: Prefer to take 30m as GNSS accuracy for ATG CPE.
Proposal 3: For ATG, the Tq_ATG and Tp_ATG should be 9.5*64*Tc in FR1 and all SCSs. 
Proposal 4: Whether Tq_ATG and Tp_ATG for UL 60kHz SCS can be defined depends on whether Te_ATG for UL 60kHz SCS can be defined. If Te_ATG for UL 60kHz SCS can be defined, then Tq_ATG and Tp_ATG for UL 60kHz SCS can also be defined, and vice versa.
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