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Introduction
In RAN2#117e, several NTN-specific aspects have been identified as requiring further discussion. The following topics were captured for User Plane:
1. Support for Blind Msg3 retransmission: details
2. TA reporting during RA: details regarding implementation (e.g. on when to send TA report if RA triggered by upper layers)
3. Implementation of HARQ RTT Timer extension: Coordination with RRC spec
4. UE behavior upon validity timer expiry: Confirmation of WA
This document discusses UE behaviour upon validity timer expiry, specifically alignment with IoT NTN and the resulting impacts to RRC and MAC specification.
UE behaviour upon validity timer expiry
The validity timer ntn-UlSyncValidityDuration is introduced in Rel-17 to support uplink synchronization in non-terrestrial networks. ntn-UlSyncValidityDuration is configured by the network, and indicates the maximum time during which the UE can apply satellite assistance information (i.e. Serving satellite ephemeris and Common TA parameters) without having acquired new assistance information. In NR, satellite assistance information is carried in SIB19.
In RAN2#117e, UE behaviour upon validity timer expiry was addressed over several founds of offline discussion. Flushing HARQ buffers was included as a working assumption following earlier agreement in IoT NTN:
Working Assumption:
1. Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI, flushing HARQ buffers
\
The reason to flush HARQ buffers upon expiry of ntn-UlSyncValidityDuration is to avoid a HARQ state mismatch (i.e., to align network and UE as to whether NDI=0 or NDI=1 is scheduled for a HARQ process after the UE has regained sync). However, expiry of ntn-UlSyncValidityDuration could be considered a corner case in NR considering an RRC_CONNECTED UE can normally re-aquire SIB prior to validity timer expiry, as captured via the following NOTE [1]:
 NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.
Since ntn-UlSyncValidityDuration may be considered as a rare event in NR, a complex solution should be avoided. To align NR and LTE specification RAN2 can confirm the above Working Assumption, although additional UE behaviour (e.g., perform RACH, declare RLF) seems unnecessary.
Proposal 1:	Confirm the RAN2#117e Working Assumption: Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI, flushing HARQ buffers.
Proposal 2:	Upon validity timer expiry, additional UE behaviour (e.g., RACH) is not supported.

Impact to TS 38.331
To support validity timer handling in IoT NTN, the following text is captured in LTE specifications TS 36.331 [2] and TS 36.321 [3] respectively: 
	[bookmark: _Toc83790224][bookmark: _Toc100790996]5.2.2.39	Actions upon reception of SystemInformationBlockType31
Upon receiving SystemInformationBlockType31 (SystemInformationBlockType31-NB), the UE shall:
1>	start or restart timer T317 with the duration ul-SyncValidityDuration from the subframe indicated by epochTime.
…..
[bookmark: _Toc100791044]5.3.3.22	T317 expiry
The UE shall:
1>	if in RRC_CONNECTED:
2>	inform lower layers that the UL synchronisation is lost;
2>	start timer T318;
2>	acquire SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT) as specified in 5.2.2;
2>	upon successful acquisition of SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT):
3>	stop timer T318;
3>	inform lower layers that the UL synchronisation is restored;
NOTE:	SystemInformationBlockType31 (SystemInformationBlockType31-NB in NB-IoT) may be broadcast on a different narrowband or different NB-IoT carrier than the one configured to the UE.



	[bookmark: _Toc101262331]5.2a	 Maintenance of UL Synchronization
If upper layer informs that the UL synchronization is lost according to the clause 5.3.3.Y of TS 36.331 [8], the MAC entity shall:
-	flush all HARQ buffers;
-	not perform any uplink transmission until upper layer has indicated that the uplink synchronization is restored.
Editor's Note: Procedure is FFS if upper layer informs that the UL synchronisation is restored according to the clause 5.3.3.Y of TS 36.331 [8].



The validity timer handling in NR is captured in TS 38.331 as follows [1]:
	[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc46480459][bookmark: _Toc100929529]5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE shall:
1>	instruct the lower layers to start or restart ntn-UlSyncValidityDuration from the subframe indicated by epochTime;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration and epochTime by UE implementation.



Unlike the IoT case, the current RRC implementation in NR implies that ntn-UlSyncValidityDuration is maintained in MAC layer. However, ntn-UlSyncValidityDuration is controlled (e.g., started/restarted) by reception of SIB19, and upon expiry triggers re-acquisition of SIB. Furthermore, in RAN2#117e it has been agreed that UE behaviour upon validity timer expiry is covered in RRC:
Agreements online:
…
2. UE behaviour upon validity timer expiry will be covered in RRC (can further discuss how interaction with MAC works). FFS which/whether any specific actions are taken

The above would suggest the validity timer is better maintained at the RRC layer as in TS 36.331. Therefore a new T3XX timer should be introduced and maintained in the NR RRC specification. To align with legacy naming convention ntn-UlSyncValidityDuration should be renamed to t3xx.
Proposal 3:	A new T3XX timer is introduced in RRC specification with duration ntn-UlSyncValidityDuration. T3XX is started/restarted upon acquisition of SIB19. Upon T3XX expiry, the UE re-aquires SIB19.
Proposal 4:	The IE ntn-UlSyncValidityDuration is renamed to t3xx.
However, the suspension of UL transmission and flushing HARQ buffers upon validity timer expiry requires MAC-RRC interaction. As in IoT case, RRC should inform lower layers (i.e., MAC) that UL synchronization is lost. Once SIB19 has been re-aquired, RRC should indicate to lower layers that UL synchronisation is restored.
Proposal 5:	Upon T3XX expiry, RRC indicates to lower layers that the UL synchronisation is lost.
Proposal 6:	Upon T3XX expiry, once SIB19 has been re-aquired RRC indicates to lower layers that the UL synchronisation is restored.
An exemplary text proposal to support the above proposals is provided below for TS 38.331:
______________________________________________________________________________________
5.2.2.4.21	Actions upon reception of SIB19
Upon receiving SIB19, the UE shall:
1>	instruct the lower layers to start or restart timer T3XX ntn-UlSyncValidityDuration from the subframe indicated by epochTime, with the timer value set according to the value of t3xx.;
NOTE:	UE should attempt to re-acquire SIB19 before the end of the duration indicated by ntn-UlSyncValidityDuration t3xx and epochTime by UE implementation.
<Unchanged text ommitted>

5.X.X.X	T3XX expiry
The UE shall:
1>	if in RRC_CONNECTED:
2>	inform lower layers that the UL synchronisation is lost;
2>	acquire SIB19 as specified in 5.2.2;
2>	upon successful acquisition of SIB19:
3>	inform lower layers that the UL synchronisation is restored;
[bookmark: _Toc60777577][bookmark: _Toc100930543]<Unchanged text ommitted>



[bookmark: _Toc100930196]
	5/5	
–	NTN-Config
The IE NTN-Config provides parameters needed for the UE to access NR via satellite access. FFS more detailed description.
NTN-Config information element
-- ASN1START
-- TAG-NTN-CONFIG-START

NTN-Config-r17 ::=             SEQUENCE {
[bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK167][bookmark: OLE_LINK168]    epochTime-r17                  EpochTime-r17                                                            OPTIONAL,  -- Need R
    ntn-UlSyncValidityDurationt3xx-r17 					   ENUMERATED{ s5, s10, s15, s20, s25, s30, s35,
                                              s40, s45, s50, s55, s60, s120, s180, s240}                    OPTIONAL,  -- Need R
    cellSpecificKoffset-r17        INTEGER(0..1023)                                                         OPTIONAL,  -- Need R
    kmac-r17                       INTEGER(0..512)                                                          OPTIONAL,  -- Need R
    ta-Info-r17                    TAInfo-r17                                                               OPTIONAL,  -- Need R
    ntn-PolarizationDL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ntn-PolarizationUL-r17         ENUMERATED {rhcp,lhcp,linear}                                            OPTIONAL,  -- Need R
    ephemerisInfo-r17              EphemerisInfo-r17                                                        OPTIONAL,  -- Need R
    ...
}

EpochTime-r17 ::=              SEQUENCE {
    sfn-r17                        INTEGER(0..1023),
    subFrameNR-r17                 INTEGER(0..9)
}

TAInfo-r17 ::=                 SEQUENCE  {
    ta-Common-r17                  INTEGER(0..66485757),
    ta-CommonDrift-r17             INTEGER(-261935..261935)                                                 OPTIONAL,  -- Need R
    ta-CommonDriftVariant-r17      INTEGER(0..29470)                                                        OPTIONAL   -- Need R
}

-- TAG-NTN-CONFIG-STOP
-- ASN1STOP

	NTN-Config field descriptions

	EphemerisInfo
This field provides satellite ephemeris either in format of position and velocity state vector or in format of orbital parameters. This field is excluded when determining changes in system information, i.e. changes of XXX should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	epochTime
Indicate the epoch time for assistance information (i.e. Serving satellite ephemeris in IE ephemerisInfo and Common TA parameters). When explicitly provided through SIB, or through dedicated signaling, EpochTime is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information.The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point. If this field is absent, the epoch time is the end of SI window where this SIB19 is scheduled. This field is mandatory present when provided in dedicated configuration.

	cellSpecificKoffset
The CellSpecific_K_offset is a scheduling offset used for the timing relationships that need to be modified for NTN [see TS 38.2xy]. The unit of K_offset is number of slots for a given subcarrier spacing of 15 kHz. FFS other SCS.

	kmac
K_mac is a scheduling offset provided by network if downlink and uplink frame timing are not aligned at gNB. It is needed for UE action and assumption on downlink configuration indicated by a MAC-CE command in PDSCH [see TS 38.2xy]. When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used. The unit of K_mac is number of slots for a given subcarrier spacing. FFS other SCS.

	ntn-PolarizationDL
If present, this parameter indicates polarization information for Downlink transmission on service link: including Right hand, Left hand circular polarizations (RHCP, LHCP) and Linear polarization.

	ntn-PolarizationUL
If present, this parameter indicates Polarization information for Uplink service link.
If not present and ntnPolarizationDL is present, UE assumes a same polarization for UL and DL.

	ntn-UlSyncValidityDurationt3xx
A validity duration configured by the network for uplink synchronization assistance information (i.e. Serving satellite ephemeris and Common TA parameters) which indicates the maximum time during which the UE can apply assistance information without having acquired new assistance information.
The unit of ntn-UlSyncValidityDurationt3xx is second. This parameter applies to both connected and idle mode UEs.

	ta-Common
TACommon is a network-controlled common timing advanced value and it may include any timing offset considered necessary by the network. TACommon with value of 0 is supported. The granularity of TACommon is 4.07 × 10^(-3) μs. Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of XXX should neither result in system information change notifications nor in a modification of valueTag in SIB1."

	taCommonDrift
Indicate drift rate of the common TA. The granularity of TACommonDrift is 0.2 × 10^(-3)   μs⁄s Values  are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of XXX should neither result in system information change notifications nor in a modification of valueTag in SIB1.

	taCommonDriftVariant
Indicate drift rate variation of the common TA. The granularity of TACommonDriftVariation is 0.2×10^(-4)  μs⁄s^2. Values are given in unit of corresponding granularity. This field is excluded when determining changes in system information, i.e. changes of XXX should neither result in system information change notifications nor in a modification of valueTag in SIB1.




7.1.1	Timers (Informative)
	Timer
	Start
	Stop
	At expiry

	T3XX
	Upon acquisition of SIB19
	
	Perform the actions as specified in 5.X.X.X


______________________________________________________________________________________

Proposal 7: 	Agree to the above text proposal for TS 38.331
Impact to TS 38.321
Upon indication of UL synchronization loss (i.e., an expired T3XX), the MAC layer would suspend UL transmission and flush HARQ buffers. The UE may resume UL transmission once upper layers indicate that UL synchronisation is restored (i.e., SIB19 has been re-aquired).
Proposal 8:	Upon indication from upper layers that UL synchronisation is lost, the MAC layer suspends UL transmission and flushes HARQ buffers.
Proposal 9:	Upon indication from upper layers that UL synchronisation is restored, the MAC layer resumes UL transmission.
An exemplary text proposal to support the above proposals is provided below for TS 38.321:
______________________________________________________________________________________
5.2a	 Maintenance of UL Synchronization
The MAC entity shall:
1> If notification of UL synchronization loss is received from upper layers (clause 5.X.X.X of TS 38.331 [5]):
2> flush all HARQ buffers;
If the MAC entity receives notification of UL synchronization loss from upper layers, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble and MSGA transmission on the SpCell until notification from upper layers that UL synchronization is restored.
______________________________________________________________________________________
Proposal 10: 	Agree to the above text proposal for TS 38.321.
Conclusion
In this contribution the following proposals were made concerning validity timer expiry:
Proposal 1:	Confirm the RAN2#117e Working Assumption: Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI, flushing HARQ buffers.
Proposal 2:	Upon validity timer expiry, additional UE behaviour (e.g., RACH) is not supported.
Proposal 3:	A new T3XX timer is introduced in RRC specification with duration ntn-UlSyncValidityDuration. T3XX is started/restarted upon acquisition of SIB19. Upon T3XX expiry, the UE re-aquires SIB19.
Proposal 4:	The IE ntn-UlSyncValidityDuration is renamed to t3xx.
Proposal 5:	Upon T3XX expiry, RRC indicates to lower layers that the UL synchronisation is lost.
Proposal 6:	Upon T3XX expiry, once SIB19 has been re-aquired RRC indicates to lower layers that the UL synchronisation is restored.
Proposal 7: 	Agree to the above text proposal for TS 38.331
Proposal 8:	Upon indication from upper layers that UL synchronisation is lost, the MAC layer suspends UL transmission and flushes HARQ buffers.
Proposal 9:	Upon indication from upper layers that UL synchronisation is restored, the MAC layer resumes UL transmission.
Proposal 10: 	Agree to the above text proposal for TS 38.321.
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