[bookmark: _Ref178064866][bookmark: _Ref284200431][bookmark: _GoBack]3GPP TSG RAN WG1 #104-e					    	                     R1-2101079
e-Meeting, January 25th – February 5th, 2021

Source:		     ETRI
Title:		 Discussion on UL timing synchronization for NTN
Agenda item:    8.4.2
Document for:  Discussion
Introduction
In RAN1#103-e, the following has been agreed on the uplink timing synchronization[1].
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.



With these elements, we discuss UL timing synchronization in more detail.
Discussion
Before Msg1/MsgA, a condition for  with GNSS capability can be required for transmission of PRACH preamble. Although it is possible to study the GNSS performance in RAN4, the limited GNSS performance in certain cases affects , which may lead to interference as well as failure of initial access. The UE may determine the validity of  based on the parameters given by gNB. For this, a common timing offset or Koffset may be used.

Proposal 1:	In the idle/inactive mode, a method for the UE to determine the validity of  for PRACH transmission may be considered.

Based on [2], if the UE does not detect the corresponding random access response and If requested by higher layers, the UE is expected to transmit a PRACH no later than +0.75 msec after the last symbol of the window, or the last symbol of the PDSCH reception. In the case of PRACH retransmission, the condition for the validity of   may be required. It may be necessary to discuss whether to use  in the previous PRACH transmission or whether to use the  existing within a certain time window from the time when PRACH transmission is determined by higher layers.

Proposal 2:	In the case of PRACH retransmission, a condition for the validity of  may be considered.

 derived from the common timing offset value may include a TA margin reflecting the error of  and an RTD for the feeder link. If the RTD of the feeder link is not required according to frame alignment, it may be configured with only TA margin. In this case, the value of  can be negative. When the value of  includes the TA margin and the RTD of the feeder link,  calculated before Msg1/MsgA transmission can be applied as an offset of the start time of ra-ResponseWindow/msgB-ResponseWindow.

Proposal 3:	 derived from the common timing offset value may include the TA margin and the RTT of the feeder link. The range of values for  can include negative values.

[bookmark: _Hlk61599260]For TA update in RRC-connected mode, the gNB can transmit a timing drift rate to the UE. Since the beam diameter is large and the timing drift rate may vary according to the elevation angle of the UE, the timing drift rate for the service link can be a UE-specific parameter. In addition, the timing drift rate for the common TA of the feeder link can be a cell or beam-specific parameter. Each parameter may be transmitted as one parameter or may be transmitted separately. The UE can perform autonomous TA update using these parameters. For autonomous update of the service link, it can be calculated from the ephemeris of the satellite and the location of UE instead of the timing drift rate. The UE can periodically perform autonomous TA update according to the indication of gNB. For this, it may be necessary to consider conditions for triggering autonomous update of UE and the update periodicity. In addition, conditions under which the autonomous update of UE can be disabled may be considered. It may be possible to disable autonomous update of UE after TA update by TA command. In the case of an autonomous update of the UE based on the timing drift rate, the gNB can also estimate the value that changes according to the autonomous update of the UE. Tracking of the UE's autonomous update in the gNB may be necessary to reduce the overhead of TA command along with the adjustment of Koffset. To reduce the overhead of the TA command, TAold for the TA command may be different from the TA value of the UE estimated by the gNB at the time of the previous TA command when the gNB performs tracking of the UE's autonomous update.

Proposal 4:	In the case of TA update in RRC connected mode, a combination of autonomous update of UE and adjustment by TA command can be supported. It may be necessary to consider conditions for triggering autonomous update of UE and the update periodicity. In addition, conditions under which the autonomous update of UE can be disabled may be considered.

Conclusions
In this contribution, we present our considerations for uplink timing synchronization in NTN scenarios.  Based on the discussion, we make the following proposal.
Proposal 1:	In the idle/inactive mode, a method for the UE to determine the validity of  for PRACH transmission should be considered.
Proposal 2:	In the case of PRACH retransmission, a condition for the validity of  may be considered.
Proposal 3:	 derived from the common timing offset value may include the TA margin and the RTT of the feeder link. The range of values for  can include negative values.
Proposal 4:	In the case of TA update in RRC connected mode, a combination of autonomous update of UE and adjustment by TA command can be supported. It may be necessary to consider conditions for triggering autonomous update of UE and the update periodicity. In addition, conditions under which the autonomous update of UE can be disabled may be considered.
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