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Introduction
In the previous RAN4 WG meeting, WF [1] was agreed capturing group consensus on the timing requirements for NR NTN UEs. The agreed WF also shows the options under each sub-topic regarding how to define RRM requirements for NR NTN UE timing.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we analyze the UE timing operations based on the assumption that the reference point for system timing procedures lies somewhere between the satellite and the gNB (network implementation). Under such circumstances, the UE make use of the estimated UE specific TA and the configured common TA from network to derive UL timing. In RAN4, we consider timing requirements for all related timing procedures and it is proposed that we should specify dedicated timing requirements for UE specific TA estimation and update, and the corresponding timing adjustment procedure.
Discussion
UE UL timing in NR NTN systems 
RAN1 discussed the methods for UE to update its TA so that it derives the UL timing correctly extensively in the previous meetings and formed quite wide-spread consensus among companies that the UE should derive its UL transmit timing according to the below function or something alike:

Where  is common TA configured from the network to inform UE the feeder link RTT after gNB compensation from the reference point;  is the UE specific TA for the service link estimated by UE itself based on at least GNSS-based UE position and satellite ephemeris information;  reuses the existing mechanism from R15. Note that this function applies to both open and close loop TA updates.
In accordance to the above elaboration, RAN4 needs to define corresponding UL timing requirements and eventually specify the test requirements to guarantee fair UE timing accuracy performance and further, guarantee fair system demodulation performance. In general, the UE derives the part of the TA that covers the propagation from itself to the satellite while the network figures out the other half of the propagation and inform the UE by common TA (after compensation). 
Specifically, each part of this UL timing procedure that needs dedicated UE operation needs RRM requirements. In the previous RAN4 meetings, agreements for possible RRM timing requirements have been initially identified and there are already discussions and proposals on whether to introduce dedicated TA estimated accuracy/error for the abovementioned requirements. 
	RAN4#98bis-e
· The UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· UE specific TA estimation accuracy is FFS
· FFS whether the UE specific TA estimation accuracy shall be also defined as a separate accuracy requirement
· Specify UE behavior related to UE specific TA estimation and the detailed behavior is FFS
· FFS on the update periodicity of UE specific TA value
RAN4#99-e and RAN4#100-e
· Wait RAN1/RAN2 conclusions on UE specific TA pre-compensation reporting to determine whether we need to define separate UE specific TA estimation requirement or not


Meanwhile in previous RAN1 meeting, agreements regarding UE derived RTT time were approved and an LS was sent to RAN2 to inform them so that they can carry on signaling work following the agreements. The LS is in [2] and the agreements are copied in the below box.
	RAN2 Q2: RAN2 respectfully requests RAN1 to provide input on: (i) how UE determines UE-gNB RTT, and (ii) what additional information needs to be broadcasted other than that for TA pre-compensation, if any.
RAN1 answer: In RAN1#105-e meeting, RAN1 reached the following agreement on UE-gNB RTT determination, which is used to delay the starts of ra-ResponseWindow and msgB-ResponseWindow. The UE-gNB RTT is estimated according to the UE's TA and K_mac. RAN2 may take this information into account for future discussion. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.


The reason that we need to define dedicated requirements is that the Te requirements only apply to the first transmission but for other UL transmissions there is no requirement if there is no TA update from the MAC CE. However in NTN, the UE needs to update its TA estimation every certain periodicity due to satellite-UE relative mobility.
Further, due to rather long RTT between gNB and UE the updates of UE specific estimated TA and the network configured MAC TA are not likely to be aligned in time and periodicity at all. In fact, this is exactly the reason that 3GPP introduces dedicated UE TA updates in order to counter inefficient network TA updates due to super long RTT.
Proposal 1: RAN4 defines UE specific TA estimation and update accuracy requirements to guarantee fair UE UL transmission timing.
Proposal 2: An NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
Observation 1: it is RAN1 to decide whether the UE updates the specific TA value by substitute TA values or by TA differences.
How does UE adjust its timing accordingly?
For a Rel-15 UE, in addition to Te requirements, timing adjustment requirements require it to gradually adjust its timing when there is DL timing difference observed at the UE. See the below elaboration from TS 38.133.
	When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.


The reason to apply gradual timing adjustment is to counter the sudden DL timing change due to something like instant blockage of the best propagation. The minimum aggregate adjustment rate requires the UE to at least adjust its timing with Tp in every second and the maximum aggregate adjustment rate requires the UE to at most adjust its timing with Tq in every 200ms.
For an NTN UE, similar requirements should apply to UE specific TA estimation and update. This is because the UE specific TA estimation is based on UE GNSS and satellite ephemeris which both impose possible sudden transitions. Thus, the UE is required to estimate and update its specific TA and adjust its timing gradually with certain minimum and maximum aggregate adjustment rate requirements.
Proposal 3:  An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
In the last RAN4 meeting, fruitful discussions were carried out regarding whether RAN4 should define different requirements for different types of satellite and whether RAN4 should assume certain conditions when considering the gradual timing adjustment requirements.
	· Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
Option 1: Yes (CATT, Xiaomi, Ericsson)
Option 2: FFS (QC, CMCC, Apple, Huawei, ZTE, THALES, NEC, Intel)
· The assumptions will be used to define gradual timing adjustment requirements for NTN network
Option 1: UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately. (Huawei, MTK, Ericsson, Xiaomi)
Option 2: UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment. (Huawei, Apple, QC, THALES, CMCC, Intel)
· Whether the maximum delay variation should be considered in the gradual timing adjustment requirement in NTN?
Option 1: Yes (Xiaomi, CMCC, Ericsson, Apple, Huawei, QC, Ericsson)
Option 2: FFS (CATT, MTK, THALES, NEC)
· FFS the direction of timing adjustment for NTN UE pre-compensation


We don’t think there is clear justification to define different requirements for different NTN topologies, so we propose to have a single set of requirements for gradual timing adjustment.
Proposal 4:  Define a single set of gradual timing adjustment requirements for different NTN topologies.
Conclusions
In this paper we analyze the UE timing operations based on the assumption that the reference point for system timing procedures lies somewhere between the satellite and the gNB (network implementation). Under such circumstances, the UE make use of the estimated UE specific TA and the configured common TA from network to derive UL timing. In RAN4, we consider timing requirements for all related timing procedures and it is proposed that we should specify dedicated timing requirements for UE specific TA estimation and update, and the corresponding timing adjustment procedure.
Proposal 1: RAN4 defines UE specific TA estimation and update accuracy requirements to guarantee fair UE UL transmission timing.
Proposal 2: An NTN UE is required to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information.
Observation 1: it is RAN1 to decide whether the UE updates the specific TA value by substitute TA values or by TA differences.
Proposal 3:  An NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
Proposal 4:  Define a single set of gradual timing adjustment requirements for different NTN topologies.
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