3GPP TSG-RAN WG2 Meeting #117-e                                    
R2-2202563
E-Meeting: February 21- March 03, 2022                
 
Agenda item:
8.10.2.1.1
Source:
Qualcomm Incorporated
Title:
UL synchronization failure in RRC_CONNECTED
Document for:
Discussion and Decision

1. Introduction 
For IoT NTN, RAN1 has made following agreements in RAN1#106bis-e meeting.

	Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified:
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode  autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire.


A new timer called UL synchronization validity timer is introduced. The UL synchronization validity timer is started when UE acquires serving satellite’s ephemeris. When the UL synchronization validity timer expires, the UE considers the serving satellite’s ephemeris no longer valid.  If the stored serving satellite’s ephemeris becomes invalid, the UE assumes both time and frequency synchronization is lost, and UE cannot perform uplink transmission (including transmission of preamble). The serving satellites ephemeris data is broadcasted in the SIBs.
However, no agreement could be reached in RAN2#116bis-e meeting for NR NTN on how to define the UE behaviour when the synchronization validity timer expires. In this document, we provide further details on how to handle this timer with minimum specification change.
2. Discussion 

UL synchronization validity timer is not same as timeAlignmentTimer as specified in TS 36.331. Upon expiry of timeAlignmentTimer, the UE can still initiate random access procedure. For NTN, UL synchronization timer takes into account the time as well as frequency compensation for Random Access Preamble transmission.
The expiry of UL synchronization timer means UE needs to update the time/frequency pre-compensation and therefore, won’t be able to make any UL transmission—including random access preamble. For NR UEs, the expiry of UL synchronization in RRC_CONNECTED mode may not be frequent event as the UE will always maintain this timer, i.e., acquiring the ephemeris before this time expires.

Therefore, there can be different reasons why the UE was unable to acquire ephemeris before the expiry of UL synchronization timer (i.e., reasons why UL synchronization timer expired in the first place) such as radio channel condition or ongoing UL/DL in a bandwidth part (BWP) where SIB was not scheduled, or the UE is in the middle of SIB acquisition etc. Mainly following solutions are being considered.
1. Moving UE to IDLE mode

2. UE flushes all HARQ buffers and released all resource configuration. Trigger RACH procedure when ephemeris is acquired.
3. Use a synchronization recovery period before triggering RLF

Moving the UE directly to IDLE mode (option#1) is an easy fix but it is one of the worst solutions as UE might be in the middle of UL/DL transmission. To complete the remaining UL/DL, UE would have to start over the RRC connection establishment procedure, and this would be costly. In option#2, network would not know UE released all the resources which could be another issue.
A simple UE behaviour upon expiry of UL synchronization timer would be option#3:

·  start a recovery period, for example, a new UE implementation RLF timer similar to existing timer t310.
· During the recovery period, UE prioritises acquisition of SIBs carrying ephemeris data over downlink data in active BWP.

· If UE acquires ephemeris data during recovery period
· UE starts the uplink synchronization validity timer,
· UE continues UL/DL data transfer.

· else:

· RLF is triggered 
· UE acquires ephemeris data and follows legacy procedure fort RRC re-establishment procedure.
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Figure 1 An example of UL synchronization recovery with the use of RLF timer.
The advantage of recovery period is that if the UE is able to acquire the ephemeris shortly after the UL synchronization failure, it does not have to go through RRC re-establishment procedure. UE may continue receiving any DL message or transmitting any UL signal/data after the acquisition of ephemeris.
A new value for the recovery period can be configured or can be same as that of RLF timer t310 (i.e., no need to configure or signal a new value) or it can be left to UE to set a value of the recovery period.
Proposal 1 When the UL synchronization validity timer expires, the UE delays the triggering of RLF by a recovery period.
Proposal 2 RLF is NOT triggered if the UE is able to acquire ephemeris during the recovery period.
Proposal 3 It is up to the UE to determine the length of the recovery period.
3. Conclusion

Following proposals are made.
Proposal 1
When the UL synchronization validity timer expires, the UE delays the triggering of RLF by a recovery period.
Proposal 2
RLF is NOT triggered if the UE is able to acquire ephemeris during the recovery period.
Proposal 3
It is up to the UE to determine the length of the recovery period.
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