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Introduction
In last couple of meetings RAN4 was discussing NTN UE timing requirements. In this contribution we provide our views on the RRM timing requirements for NTN UE. 
Discussion
As discussed in previous RAN4 meetings, RAN4 is responsible for defining Timing requirements for NTN UE. The timing requirements include UE transmit timing, UE timer accuracy and timing advance requirements. In last meeting requirements for NTN UE timer accuracy were agreed to re-use the NR timer accuracy requirements. In general RAN4 define UE transmit timing and timing advance requirements after the RAN1/2 framework is complete. Since the RAN1/2 framework is not yet ready, we further discuss the principles to define the timing requirements.  
UE transmit timing requirements 
From TS 38.133, we understand that RAN4 should define two transmit timing requirements, that is “initial transmit timing requirement” and “transmit timing requirement”.  Initial transmit timing requirement is applicable in Idle mode and for first transmission after DRX on. Transmit timing requirement (which is different from initial transmit timing requirement) is applicable in connected mode only. Legacy NR UE initial transmit timing requirement only depend on the downlink frame timing accuracy as NTA is assumed to be zero for initial transmit timing. However for NR NTN UE, initial transmit timing and UE transmit timing both depends on TA estimation/calculation as UE have to estimate the propagation delay for DL timing pre-compensation. Since RAN4 discussion depends on the RAN1 agreements, we look at RAN1 agreements of last meeting.
RAN1 was discussing open loop, closed loop and combination of open loop and closed loop based methods for TA estimation.  Following agreements were made in RAN1#104-e [2]. 
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
·  FFS: Operation of closed loop and open loop TA control
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., through TA commands from the gNB) control loops shall be supported for NTN.
· FFS: Details of the combination of open and closed loop TA control
Though the above high level agreements were made, there was no agreement on the actual TA computation in RAN1 yet. One of the tentative agreement for the TA computation of NTN UE from last RAN1 meeting [2] is given below.
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network:

Where:
·  and  are defined as in Release-16.
·   is UE self-estimated TA 
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
Though the above TA computation is not the official agreement from RAN1 meeting, as per feature lead summary [2], companies are converging on this framework. Therefore, we can assume this framework for deriving the principles of defining the requirements. 
From the RAN1 agreement [2], NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris. 
From TS 38.133, the UE transmit timing is given by downlink timing of the reference cell minus TTA. Since UE transmit timing depends on 1. Downlink frame timing, 2. TTA estimated by UE, and 3. TA adjustment based on the computed TA value, we analyse the accuracy requirements of these factors to derive the UE transmit timing accuracy requirements. 
Error due to downlink frame detection accuracy:
From TS 38.133, we can observe that the downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. As discussed during Rel-15 NR transmit timing requirements, the first detected path timing depends on the sampling interval chosen by UE. Based on this we make following observation. 
Observation 1: UE transmit timing depends on the downlink frame detection accuracy. 
Error due to TTA estimation:
As per RAN1 agreement UE shall at least estimate the TTA by computing the propagation delay with the help of UE position (based on GNSS) and satellite position (based on satellite ephemeris provided by gNB). Since NTA, UE-specific depends on UE location and satellite location, the error in NTA, UE-specific estimation also depends on the satellite and UE location accuracy. Based on this analysis we make following observation.
Observation 2: NTA estimation accuracy depends on the satellite location accuracy and UE location estimation accuracy. 
Error due to TA adjustment:
As the UE observed propagation delay changes with time, UE DL frame timing and UE UL timing also changes with time. Upon computing NTA, UE-specific UE uses this timing to quantise (as the TA adjustment quantisation is to be performed at UE) and compute the TA adjustment value. 
As per TS 38.133 clause 7.3.2.2, UE TA adjustment accuracy requirement is given by “the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission.” 
From the above NR UE requirement, we can understand that TA adjustment accuracy depends on the timing advance computation accuracy, quantisation, and timing of preceding uplink transmission. Timing of preceding UL transmission further depends on the sampling interval of downlink timing. Since TA computation accuracy is already considered in previous component, TA adjustment accuracy requirement depends on TA command quantisation accuracy and preceding UL timing accuracy. Based on the above analysis we make following observation.
Observation 3: TA adjustment accuracy requirement depends on TA command quantisation accuracy and preceding UL timing accuracy.
From observation 1, 2 and 3, we make following proposal.
Proposal 1: RAN4 to agree that UE transmit timing accuracy depends on:
· The downlink frame detection accuracy of UE; and 
· NTA, UE-specific estimation accuracy. Where NTA, UE-specific estimation further depends on UE GNSS position accuracy and satellite position accuracy; and 
· TA command quantisation accuracy and preceding UL timing accuracy.

	Timing error limit requirements  
In last meeting timing error requirements are discussed and the following WF is agreed.
· The impact due to DL timing estimation, use existing Te requirements defined in TS 38.133, Table 7.1.2-1, as baseline for R17 NR NTN
· RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN
· FFS: NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode. FFS for IDLE mode.

Reference point for UE transmit timing control for NTN UE can be represented by (DL frame timing – TTA) and UE transmit timing should be within ± Te from the reference point.
From legacy NR timing error limit discussions we can observe that DL frame timing error will have impact on Te determination. Since RAN1 agreed to use timing compensation for DL frame timing, if there is any error in the computation of timing compensation, it will have impact on Te value. Due to this we feel that NTN timing compensation has impact on Te error requirements. 
In last meeting, it was further discussed whether NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode and IDLE mode. 
As per RAN1 tentative agreement, TTA for RRC IDLE/INACTIVE and RRC Connected mode is described below.;
Where:
·  and  are defined as in Release-16.
·   is UE self-estimated TA 
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
For legacy NR UE, NTA value for IDLE mode is 0 and connected mode is indicated by NW. In our understanding only difference between IDLE mode and Conencted mode TTA is NTA value. Timing compensation procedure is applicable for both IDLE and connected mode. Therefore NTN timing compensation accuracy has impact on Te timing error requirements for CONNECTED mode and IDLE mode.
Proposal 2: RAN4 to agree that NTN timing compensation accuracy has impact on Te timing error requirements for both CONNECTED mode and IDLE mode. 
	NTA offset 
As part of the NTN SI, following was agreed in TR 38.821.  
As per the duplex mode:
●	Down-prioritize TDD in this study item
●	There is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay.
From the above agreement during study phase, we can observe that TDD is not in the scope of the WI. That means NTA offset is not need to be defined for TDD bands. 
Satellites bands that were considered in TR 38.821 were, S-band (2 GHz for DL and UL) and Ka-band (20 GHz for DL and 30 GHz for UL). Apart from these bands, in last meeting, in RF GTW session, it was agreed to work on both S- and L-band (1-2 GHz) for the WI. 
Since L-band and S-band is in FR1 range and operates in FDD, we can consider NTA offset as zero as per Table 1 below (Table 7.1.2-2).
	Table 1: The Value of [image: ]Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void



For Ka-band which is not part of FR1 or FR2 (for DL) can consider FR2 NTA offset value since UL freq. falls in FR2 frequency range.
Proposal 3: RAN4 to agree that NTA offset value for L-band and S-band to be 0 and NTA offset for Ka-band to be 13792Tc.
1. Conclusion
In this contribution, we discussed NTN RRM timing requirements and made the following proposals:
Proposal 1: RAN4 to agree that UE transmit timing accuracy depends on:
· The downlink frame detection accuracy of UE; and 
· NTA, UE-specific estimation accuracy. Where NTA, UE-specific estimation further depends on UE GNSS position accuracy and satellite position accuracy; and 
· TA command quantisation accuracy and preceding UL timing accuracy.
Proposal 2: RAN4 to agree that NTN timing compensation accuracy has impact on Te timing error requirements for both CONNECTED mode and IDLE mode. 
Proposal 3: RAN4 to agree that NTA offset value for L-band and S-band to be 0 and NTA offset for Ka-band to be 13792Tc.    
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