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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
An LS was sent from RAN1 to RAN4 regarding NTN UL time synchronization requirements and NTN UL frequency synchronization requirements [1]. In this contribution we discuss question 1, the NTN UL time synchronization requirements.
	1. Overall Description:
As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the NTN UL synchronization requirements in terms of time alignment and frequency error for:
•	Initial access (i.e. PRACH transmission)
•	UL transmissions in RRC CONNECTED State. 

RAN1 identified the following questions that need clarification from RAN4:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Note-1: The questions above are related to the requirements for signal reception at gNB side.
Note-2: From RAN1 side we would like to have the requirements such that they are including the ”total accumulated error” in both time and frequency domain.

2. Actions:
To TSG RAN WG4
ACTION 1: 	RAN1 respectfully asks RAN4 to provide feedback on question 1 and any additional information that may help RAN1 understand the NTN requirement of UL time synchronization. 
ACTION 2: 	RAN1 respectfully asks RAN4 to provide feedback on question 2 and any additional information that may help RAN1 understand the NTN requirement of UL frequency synchronization

3. Date of Next TSG-RAN WG1 Meetings:	
TSG-RAN WG1 Meeting #104-bis-e 	12 Apr. – 20 Apr. 2021		Electronic Meeting
TSG-RAN WG1 Meeting #105-e 	19 – 27 May 2021		Electronic Meeting




2	NTN UL time synchronization requirements 
2.1	Initial access (i.e. PRACH transmission)
With regards to the questions about NTN UL time synchronization requirements, the first step would be to check the existing requirements for NR release-16. In TS 38.133 section 7.1.2:
	[bookmark: _Toc535475927]7.1	UE transmit timing
<snip>
7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. 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. NTA for PRACH is defined as 0.
<snip>
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]






In previous meeting a WF on NTN RRM timing related requirements was approved [2]. It contains a statement about NTN UE transmit timing requirements.
	
· Te: Timing Error Limit
· 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.




Observation 1: We can conclude that existing Te requirements defined in TS 38.133, Table 7.1.2-1, as baseline for R17 NR NTN and that RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN.
2.2	UL transmissions in RRC Connected State
In previous meeting a WF on NTN RRM timing related requirements was approved [2]. It contains a statement related to NTN UE UL transmissions in RRC Connected State, namely Timing Advance.
	
· TA adjustment accuracy requirement
· Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget.
· FFS: Timing Advance adjustment accuracy scales inversely proportional to SCS
· FFS: whether UE specific TA estimation accuracy has impact on timing advance adjustment accuracy requirements.
· UE specific TA estimation accuracy requirement
· RAN4 is to define the requirements for UE specific TA estimation accuracy
· FFS on how to capture the UE specific TA estimation accuracy
· Option 1: the UE specific TA estimation accuracy is counted into the UE transmit timing error requirement
· Option 2: the UE specific TA estimation accuracy is counted into the timing advance adjustment accuracy requirement
· Option 3: the UE specific TA estimation accuracy is defined as a separate accuracy requirement
· Other option is not precluded




The existing time TA adjustment accuracy can be found in TS 38.133, 7.3.2.2:

	[bookmark: _Toc535475937]7.3.2.2	Timing Advance adjustment accuracy
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. The timing advance command step is defined in TS 38.213 [3].
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc







[bookmark: _Hlk67920610]In the WF [2] RAN4 concludes that Timing Advance adjustment accuracy requirement depends on the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget. Existing requirement for UE Timing Advance adjustment accuracy in TS 38.133 7.3.2.2 roughly scales inversely proportional to SCS, it least the FR2 endpoint of SCS = 120 kHz. It is FFS if Timing Advance adjustment accuracy scales inversely proportional to SCS in NTN. RAN has decided to define UE specific TA estimation accuracy requirement, but no details are available at this point.
Observation 2: RAN4 concludes in WF that for TA adjustment accuracy in RRC Connected State Timing Advance adjustment accuracy requirement depends on 1) the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget and 2) requirement for UE Timing Advance adjustment accuracy. Existing requirement for UE Timing Advance adjustment accuracy in TS 38.133 7.3.2.2 roughly scales inversely proportional to SCS. It is FFS if Timing Advance adjustment accuracy scales inversely proportional to SCS in NTN. Finally, RAN has decided to define UE specific TA estimation accuracy requirement, but no details are available at this point.
3	Summary
For initial access (i.e. PRACH transmission): We can conclude that RAN4 has decided that existing Te requirements defined in TS 38.133, Table 7.1.2-1, will be used as baseline for R17 NR NTN and that RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN. 
For UL transmissions in RRC Connected State: RAN4 has concludes that for TA adjustment accuracy in RRC Connected State Timing Advance adjustment accuracy requirement depends on:
1) the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget and 
2) requirement for UE Timing Advance adjustment accuracy. Existing requirement for UE Timing Advance adjustment accuracy in TS 38.133 7.3.2.2 roughly scales inversely proportional to SCS. It is FFS if Timing Advance adjustment accuracy scales inversely proportional to SCS in NTN. 
3) Finally, RAN has decided to define UE specific TA estimation accuracy requirement, but no details are available at this point.
A draft reply can be found in appendix A. The original LS can be found in appendix B.
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Appendix A: Draft reply LS
Title:	Reply LS to RAN4 on NTN UL time and frequency synchronization requirements (Timing)
Response to:	
Release:	Rel-17
Work Item:	Solutions for NR to support non-terrestrial networks

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:
          Name:	Magnus Larsson
          E-mail Address:	magnus.k.larsson (at) ericsson (dot) com 	
In LS to RAN4, from RAN1 there is a subset of questions regarding NTN UL time synchronization requirements: 
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

For initial access (i.e. PRACH transmission): We can conclude that RAN4 has decided that existing Te requirements defined in TS 38.133, Table 7.1.2-1, will be used as baseline for R17 NR NTN and that RAN4 is to further investigate whether other aspects have impact on the Te requirements for R17 NR NTN. 
For UL transmissions in RRC Connected State: RAN4 has concludes that for TA adjustment accuracy in RRC Connected State Timing Advance adjustment accuracy requirement depends on:
1) the mechanism of TA adjustment step size determined by RAN1 and the total uncertainty budget and 
2) requirement for UE Timing Advance adjustment accuracy. Existing requirement for UE Timing Advance adjustment accuracy in TS 38.133 7.3.2.2 roughly scales inversely proportional to SCS. It is FFS if Timing Advance adjustment accuracy scales inversely proportional to SCS in NTN. 
3) Finally, RAN has decided to define UE specific TA estimation accuracy requirement, but no details are available at this point.



Attachments:	


1. Reply:

2. Actions:
To RAN1: 	RAN4 would like to kindly ask RAN1 to use the above information as partial reply of LS.


3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #99-e 	19 – 27 May 2021				Online
TSG-RAN WG4 Meeting #100 	23 – 27 Aug 2021				Toulouse, France

Appendix Y: Original LS in, to RAN4
Title:	LS on NTN UL time and frequency synchronization requirements

Release:	Rel-17
Work Item:	NR_NTN_solutions

Source:	TSG RAN WG1
To:	TSG RAN WG4
Cc:	

Contact Person:
          Name:	Mohamed EL JAAFARI
          E-mail Address:	mohamed.el-jaafari@thalesaleniaspace.com
	
Send any reply LS to:	3GPP Liaisons Coordinator:  mailto:3GPPLiaison@etsi.org 	

1. Overall Description:
As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the NTN UL synchronization requirements in terms of time alignment and frequency error for:
•	Initial access (i.e. PRACH transmission)
•	UL transmissions in RRC CONNECTED State. 

RAN1 identified the following questions that need clarification from RAN4:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Question 2: What are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State

Note-1: The questions above are related to the requirements for signal reception at gNB side.
Note-2: From RAN1 side we would like to have the requirements such that they are including the ”total accumulated error” in both time and frequency domain.
2. Actions:
To TSG RAN WG4
ACTION 1: RAN1 respectfully asks RAN4 to provide feedback on question 1 and any additional information that may help RAN1 understand the NTN requirement of UL time synchronization. 
ACTION 2: 	RAN1 respectfully asks RAN4 to provide feedback on question 2 and any additional information that may help RAN1 understand the NTN requirement of UL frequency synchronization


3. Date of Next TSG-RAN WG1 Meetings:	
TSG-RAN WG1 Meeting #104-bis-e 	12 Apr. – 20 Apr. 2021		Electronic Meeting
TSG-RAN WG1 Meeting #105-e 	19 – 27 May 2021		Electronic Meeting
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