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1. Introduction
In RP-221819, the objective regarding mobility for Rel-18 NR NTN is approved as:
	4.1.4 	NTN-TN and NTN-NTN mobility and service continuity enhancements
This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.
· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


In this contribution we provide issue analysis for service continuity in NTN.
2. [bookmark: Proposal_Beacon]Discussion
1) DAPS for service continuity
In LTE/NR networks till 3GPP Rel-15 for handover, the UE typically releases the connection from the source cell before the connection is established with the target cell (namely hard handover). As a result before the UE starts to communicate with the target cell, its data transmission is stopped at source cell, causing an interruption which is critical for services that are sensitive to latency or continuity. In Rel-16 DAPS was introduced to overcome this problem wherein the UE maintains the source cell connection after reception of handover command, and only releases the source cell connection after successful access to the target cell (namely soft handover). DAPS is used to reduce or avoid the service interruption and thus to guarantee service continuity during handover. This requires UE to simultaneously receive and transmit data at both source cell and target cell for a short period during the handover procedure.
Rel-17 have conducted essential supports of NTN functions, and for Rel-18 enhancements to mobility and service continuity are one of the major objectives wherein DAPS is a promising option and can guarantee service continuity when UE handover is performed with NTN involved (NTN-NTN or NTN-TN).
Proposal 1: RAN2 to consider support of DAPS in NTN for service continuity
2) UP potential issues to support DAPS in NTN
To implement DAPS handover, the source cell configures UE with at least one DAPS bearer with radio protocols located in both the source and target cells during the handover. UE checks the presence of the field daps-Config within the IE RadioBearerConfig to understand whether a DAPS bearer is configured. After handover complete the UE releases the DAPS bearer if the field daps-SourceRelease is true in RRCReconfiguration message.
For a configured DAPS bearer, the PDCP layer is reconfigured to a common PDCP entity for the source and target user plane protocol stacks, to maintain SN continuation and thus in-sequence delivery of user data throughout the handover procedure. A common re-ordering and duplication function is provided in the single PDCP entity for source and target cells, while ciphering/deciphering and header compression/decompression can be handled separately depending on the origin/destination of the downlink/uplink data packet.
If a DAPS bearer is configured, according to current specifications the UE shall establish MAC entity, RLC entity and LCHs for the target cell with the same configuration as that for the source cell.
One of the distinct characteristics in NTN is the large propagation delay from UE to gNB. The RTT (Round Trip Time) between UE and gNB in NTN (26~541ms) is much larger compared to that in TN (0.033ms), and within NTN the RTT difference is also large for GEO (541ms) and LEO deployment (26ms~42ms). To address the large propagation delay in NTN, in Rel-17 NR NTN multiple user plane timers are defined with extended values (e.g. sr-ProhibitTimer in MAC, T-Reassembly in RLC and DiscardTimer in PDCP) to cover one or multiple UE-gNB RTT, while some other timers are offset with UE-gNB RTT (e.g. ra-ContentionResolutionTimer, drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL in MAC). Meanwhile, another enhancement to cope with large propagation delay is that the HARQ (Hybrid Automatic Repeat Request) feedback for downlink transmission and the uplink HARQ retransmission can be disabled by network to avoid buffer overflow and HARQ stalling, which is to be implemented by MAC or LCH configuration.
· Extended UP timers
For user plane timers that need extended values in NTN, when a target NTN cell follows a source TN cell configuration and uses the values that is not extended, or when a target NTN GEO cell uses the smaller extended values for a source NTN LEO cell, the timers would expire too early and lead to wrong or unexpected UE behaviors. For example, a source TN cell configures PDCP DiscardTimer as 100ms wherein UE will discard a data packet if no acknowledgement is received when the timer is running. If a target NTN cell with RTT>100ms uses the same value, no acknowledge will be received within the running period and UE will discard all data packets. On the contrary, when a target TN cell uses the values that is extended for a source NTN cell, or when a target TN LEO cell uses the larger extended values for a source NTN GEO cell, the timers would expire too late, and also lead to issues including e.g. buffer overflow without discard due to a large PDCP DiscardTimer value.
Observation 1: For the timers that need extended values in NTN, the values used in a source cell may not be appropriate in the target cell, and vice versa.
· UP timers with offset
For user plane timers that need to be offset with UE-gNB RTT, when a target NTN cell follows a source TN cell configuration and does not apply an offset, or when a target NTN GEO cell applies a smaller offset as a source NTN LEO cell, the timers would start and expire too early and lead to error in reception and more power consumption. For example, a source TN cell does not need to apply an offset to the start of its ContentionResolutionTimer, as its RTT is less than 0.033ms and the timer value can be 50ms. There is no problem if the is started without a RTT offset. However if a target NTN cell does not apply a RTT offset (26~541ms) to the start of its ContentionResolutionTimer, the timer will be started immediately after transmission while the earliest reception is after one RTT. In this case during the first RTT the timer is running and UE will monitor the corresponding reception which will is impossible. The timer may expire soon after one RTT (or even before) making the actual reception window much smaller (or even zero). On the contrary, when a target TN cell applies an offset as a source NTN cell, or when a target NTN LEO cell applies a larger offset as a source NTN GEO cell, the timers would start and expire too late.
Observation 2: For the timers that need to be offset with UE-gNB RTT in NTN, the offset applied in a source cell (or no offset) may not be appropriate in the target cell, and vice versa.
· HARQ enabling/disabling
For downlink HARQ feedback and/or uplink HARQ retransmission, when a target NTN cell follows a source TN cell configuration and does not disable it, or when a target NTN GEO cell follows a source NTN LEO cell configuration and does not disable it, buffer overflow or HARQ stalling could occur at UE or the target cell due to the large propagation delay while downlink HARQ feedback and/or uplink HARQ retransmission is still allowed. On the contrary, when a target TN cell follows a target TN cell configuration (e.g. disable), or when a target NTN LEO cell follows a source NTN GEO cell configuration (e.g. disable), it would be unnecessary considering the much smaller propagation delay and the reliability of transmission and reception may not be guaranteed.
Observation 3: For enabling/disabling downlink HARQ feedback and/or uplink HARQ retransmission, the HARQ mode configured for LCHs in a source cell may not be supported or workable in a target cell, and vice versa.
Based on the above analysis, DAPS requires UE to copy the MAC/RLC/PDCP/LCH configurations of the source cell for the target cell, and as a result some parameters in configurations may not work when the source and target cells are different in propagation delay (e.g. one in TN and another in NTN, or one in LEO and another in GEO).
Proposal 2: RAN2 to consider enhancements to UP configuration for using DAPS in NTN.
3) CP potential issues to support DAPS in NTN
Similar to the normal handover, for DAPS handover a handover failure could occur due to the wireless channel condition of the target cell. Besides, as during DAPS handover the UE maintains connections both to the source and target cells, RLFcould occur at the source or the target cell. To handle these failures, the following principles apply to DAPS handover process:
· When DAPS handover fails, the UE falls back to the source cell configuration, resumes the connection with the source cell, and reports DAPS handover failure via the source without triggering RRC connection re-establishment if the source link is still available. UE may report DAPS handover failure by setting the failureType as daps-failure in FailureInfoDAPS using failure information report procedure.
· During DAPS handover, the UE continues the RLF detection at the source cell until the successful completion of RA procedure to the target cell.
· For RLF in the source cell, UE stops data Tx/Rx via the source link and releases the source link, but maintains the source RRC configuration. If handover failure is then declared at the target cell, UE selects a suitable cell and then initiates RRC re-establishment, or enters IDLE if a suitable cell was not found within a certain time.
· For RLF in the target cell before releasing the source cell, UE selects a suitable cell and then initiates RRC re-establishment, or enters IDLE if a suitable cell was not found within a certain time.
· For the RLF timers and constants, UE will use the values in rlf-TimersAndConstants in the RRC configuration for the target cell group, or use the values in ue-TimersAndConstants in the SIB1 broadcast by the target cell.
In NTN deployed with LEO satellites, channel condition varies more frequently due to satellite movement, and there could be no significant decade in cell signal quality before it becomes unavailable. For example in quasi-earth-fixed scenario the serving duration of a satellite is restricted by t-Service after which an NTN cell provided by the satellite will vanish, while in earth-moving scenario the serving duration of a satellite is restricted by a minimum serving elevation angle of satellite antenna. When applying DAPS with NTN cell involved, DAPS handover failure may occur due to the movement of the neighbour satellite, and RLF may occur in the source or the target cell due to the serving or neighbour satellite movement.
· Failure in source NTN cell
For a source NTN cell with service duration limit, it needs to handover out its serving UEs to a next target cell before its stop serving time, and in this case there could be no sufficient time left allowing UE to resume or reestablish the connection when handover fails, considering the large propagation delay for signalling exchange in NTN. Similarly, if an RLF occur in the source cell when approaching its stop serving time, there could be no sufficient time left allowing UE to recover from RLF in the source cell (while target cell could still be possible for recovery). When either failure occurs, the UE will be unable to report failure information to its source cell.
Observation 4: If a DAPS handover failure or RLF in source cell occurs when the source NTN cell approaches its stop serving time, UE could be unable to resume or reestablish the connection to the source cell, and could be unable to report failure information either.
· Failure in Target NTN cell
When configuring a target NTN cell for UE, the remaining service duration may differ for UEs in different locations or with different capabilities. For a target NTN cell with service duration limit, DAPS handover failure may occur when UE does not have sufficient time to complete random access process, considering the large propagation delay for signalling exchange in NTN. As the current failure reporting for DAPS is only a single indication of DAPS handover failure, the UE cannot report the cause of handover failure that should be avoided by network.
Observation 5: If a DAPS handover failure occurs due to that the target NTN cell approaches its stop serving time, there is no mechanism to report the reason to help network in avoiding further inappropriate DAPS configuration.
· Cell selection/reselection after failure
As specified for legacy Rel-16 DAPS, for RLF in the source cell and handover failure afterwards, or for RLF in the target cell before releasing the source cell, UE selects a suitable cell and then initiates RRC re-establishment, or enters IDLE if a suitable cell was not found within a certain time. If the failures occur before a cell (source or target) exceeds its stop serving time, it is of high possibility that UE selects or reselects to this cell. In this case there could be no sufficient time left allowing UE to reestablish the connection, and the UE has to perform measurement and reselection again when exceeding the stop serving time.
Observation 6: When failure occurs and UE needs to select a suitable cell or to enter IDLE mode, a source or target NTN cell could still be selected or reselected, if it approaches its stop serving time but has not exceeded it.
Based on the above analysis, when cell movement and NTN large propagation delay is involved, DAPS mechanism could lead to useless UE behaviors for failure handling during handover, including resume or reestablish connection, or cell selection or reselection, to a cell that will become unavailable due to movement, and thus could cause unnecessary power consumption and longer service interruption.
Proposal 3: RAN2 to consider enhancements to failure handling for using DAPS in NTN.
3. Conclusion
In this contribution, we provide issue analysis of DAPS for service continuity in NTN. The following observation are given:
Observation 1: For the timers that need extended values in NTN, the values used in a source cell may not be appropriate in the target cell, and vice versa.
Observation 2: For the timers that need to be offset with UE-gNB RTT in NTN, the offset applied in a source cell (or no offset) may not be appropriate in the target cell, and vice versa.
Observation 3: For enabling/disabling downlink HARQ feedback and/or uplink HARQ retransmission, the HARQ mode configured for LCHs in a source cell may not be supported or workable in a target cell, and vice versa.
Observation 4: If a DAPS handover failure or RLF in source cell occurs when the source NTN cell approaches its stop serving time, UE could be unable to resume or reestablish the connection to the source cell, and could be unable to report failure information either.
Observation 5: If a DAPS handover failure occurs due to that the target NTN cell approaches its stop serving time, there is no mechanism to report the reason to help network in avoiding further inappropriate DAPS configuration.
Observation 6: When failure occurs and UE needs to select a suitable cell or to enter IDLE mode, a source or target NTN cell could still be selected or reselected, if it approaches its stop serving time but has not exceeded it.
And we propose:
Proposal 1: RAN2 to consider support of DAPS in NTN for service continuity
Proposal 2: RAN2 to consider enhancements to UP configuration for using DAPS in NTN.
Proposal 3: RAN2 to consider enhancements to failure handling for using DAPS in NTN.
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