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1	Introduction
In this contribution, we address the few known remaining user plane aspects NR NTN. 
[bookmark: _Ref178064866]2	Support of blind Msg3 retransmissions 
The agreements so far about Congestion Resolution timer (CRT) are:
1. An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.

1. RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.

1. In the MAC specification section 5.1.5, delay the start of ra-ContentionResolutionTimer by the UE-gNB RTT (i.e. sum of UE's TA and K_mac)

And about blind Msg3 retransmissions
1. Blind Msg3 retransmission is supported in Rel-17 NTN. FFS whether this is enabled by a NOTE (P4), or explicit configuration (P5a and P5b).

1. Introduce some procedural text to enable blind msg3 retransmission in NTN. FFS on the detailed text

In 5.1.5 we have: 
Once Msg3 is transmitted the MAC entity shall:
1>	if Msg3 is transmitted on a non-terrestrial network:
2>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT.
1>	else…
…
1>	if ra-ContentionResolutionTimer expires:
2>	expires if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT:
3>	do not consider the Contention Resolution unsuccessful.
2>	else:
3>	discard the TEMPORARY_C-RNTI;
3>	consider the Contention Resolution not successful.

To enable blind Msg3 retransmissions, we must start the CRT also for the FIRST transmission of the Msg3, for example this can be done by this change to the first part from 5.1.5:
[bookmark: _Toc101822784]Modify 5.1.5 part about starting the CRT as the below text proposal
Once Msg3 is transmitted the MAC entity shall:
1>	if Msg3 is transmitted on a non-terrestrial network:
2>	if this is the first Msg3 transmission within this Random Access procedure:
3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.
2>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT.
1>	else…
With this we also need to modify the part above on CRT expiry. 
In the part about CRT expiry, it already says to not consider the Contention Resolution as unsuccessful if CRT expires before “the first symbol after the end of a Msg3 retransmission plus the UE-gNB RTT” because in that case, the CRT will be restarted later (it will be restarted “in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT”). However, it says after a Msg3 retransmission, and with the change above, CRT is started also for the first Msg3 transmission, thus we need to change that to be done for all Msg3 transmissions. 
[bookmark: _Toc101822785]Modify 5.1.5 part about CRT expiry such that expiry also after initial Msg3 transmissions will not lead to considering contention resolution as unsuccessful, see text proposal below:
1>	if ra-ContentionResolutionTimer expires:
2>	if Msg3 is transmitted on a non-terrestrial network and ra-ContentionResolutionTimer expires prior to the first symbol after the end of a Msg3 retransmission plus the UE estimate of UE-gNB RTT:
3>	do not consider the Contention Resolution unsuccessful.
2>	else:
3>	discard the TEMPORARY_C-RNTI;
3>	consider the Contention Resolution not successful.

Further, in Rel-17 another WI introduced Msg3 repetitions. Part of this is modelled (highlighted) in 5.1.5:
1>	if Msg3 is transmitted on a non-terrestrial network:
2>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT.
1>	else if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with Type A PUSCH repetition:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.
1>	else:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.

As coverage can be an issue also in the NTNs, we need to make this functionality work also in NTNs! 
[bookmark: _Toc101822786]The Msg3 repetition functionality introduced in Rel-17 shall be supported in NTNs.

This can be achieved in a few ways, for example the additions for NTN start of CRT can be added in the highlighted part above or the start/restart of CRT can be added to the NTN part. We think the NTN part is easiest to update: 
[bookmark: _Toc101822787]Modify 5.1.5 part about starting the CRT as the below text proposal: 
1>	if Msg3 is transmitted on a non-terrestrial network:
2>	if this is the first Msg3 transmission within this Random Access procedure:
3>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of each Msg3 transmission.
2>	start the ra-ContentionResolutionTimer andor restart the ra-ContentionResolutionTimer atfor each HARQMsg3 retransmission in the first symbol after the end of the Msg3 transmission plus the UE estimate of UE-gNB RTT.
1>	else if the Msg3 transmission (i.e. initial transmission or HARQ retransmission) is scheduled with Type A PUSCH repetition:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission.
1>	else:
2>	start or restart the ra-ContentionResolutionTimer in the first symbol after the end of the Msg3 transmission.

3	Timing Advance reporting 
There is a strange format used for TTA in 5.4.8:
The Timing Advance reporting procedure is used in a non-terrestrial network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., T_TA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).
There is no need to use the L1 spec notation in the MAC spec, it is sufficient to write out Timing Advance and have the reference.

[bookmark: _Toc101822788]In MAC 5.4.8, change first sentence as follows: “The Timing Advance reporting procedure is used in a non-terrestrial network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., T_TA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).”

There is no need to change the TAR when triggered from higher layers, the new section 5.4.8 in MAC is clear on how a triggered TAR will be transmitted (it will be as soon as the LCP and grant size allows). 

4	HARQ RTT extension
For the HARQ RTT extensions, we think it must be much clearer how the RTT timer are extended than what is in the spec now…
The current NOTE 1b in the section 5.7 in MAC spec is misplaced: 
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 1a:	If Serving cell is configured with downlinkHARQ-FeedbackDisabled and DL HARQ feedback is disabled, drx-HARQ-RTT-TimerDL is not started for the corresponding HARQ process.
NOTE 1b:	If this Serving Cell is part of a non-terrestrial network, the latest UE-gNB RTT value shall be used to set drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL length prior to timer start (see TS 38.331 [5] clause [X]).
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.

The “NOTE 1b” is hidden under the “if a MAC PDU is received in a configured DL assignment:” and concerns both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, but more serious is that we cannot have nominal text in a NOTE, and that the reference to RRC spec does not make sense. It must have been a mistake to include it in the MAC spec. 
[bookmark: _Toc101822789]Remove the NOTE 1b in 5.7 of MAC spec. 

The only way to avoid ambiguity of the UE changing RRC configured parameters, we must introduce helper variables that are updated, according to the configuration at that moment and the current UE-gNB RTT value, in a separate section before the current “When DRX is configured, the MAC entity shall: …” section. This method was for example used for the REPETITION_NUMBER in section 5.4.2.1 between Rel-15 and Rel-16. Any other updates to MAC will give ambiguity as to if the UE changes an RRC parameter or not. 
[bookmark: _Toc101822790]Use two helper variables for the HARQ RTT timer extension. 
[bookmark: _Toc101822791]Consider adding the following text proposal just before “When DRX is configured, the MAC entity shall:” in 5.7 in MAC spec. After that line at every place exchange “drx-HARQ-RTT-TimerDL” for “HARQ_RTT_TIMER_DL” and exchange “drx-HARQ-RTT-TimerUL” for “HARQ_RTT_TIMER_UL”. 
The following UE timers are used for the DRX operation:
-	HARQ_RTT_TIMER_DL (per downlink HARQ process, except for the broadcast process).
-	HARQ_RTT_TIMER_UL (per uplink HARQ process).
When DRX is configured, the MAC entity shall:
1>	if this Serving cell is configured with downlinkHARQ-FeedbackDisabled and DL HARQ feedback is enabled for a HARQ process: 
2>	set HARQ_RTT_TIMER_DL for the HARQ process to drx-HARQ-RTT-TimerDL plus UE-gNB RTT.
1>	else: 
2>	set HARQ_RTT_Timer_DL for the HARQ process to drx-HARQ-RTT-TimerDL.
1>	if this Serving Cell is configured with uplinkHARQ-Mode and a HARQ process is configured with HARQmodeA:
2>	set HARQ_RTT_Timer_UL for the HARQ process to drx-HARQ-RTT-TimerUL plus UE-gNB RTT.
1>	else: 
2>	set HARQ_RTT_Timer_UL for the HARQ process to drx-HARQ-RTT-TimerUL.
NOTE X:	In non-terrestrial networks, before the timer HARQ_RTT_TIMER_DL or HARQ_RTT_TIMER_UL is started, the value shall be set using the latest UE-gNB RTT value. 

Note that the “else” parts above are needed in cases when the downlinkHARQ-FeedbackDisabled or uplinkHARQ-Mode are reconfigured. 

5	UL synchronisation 
The latest agreements on UL synch are:
1. Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI (FFS whether or not UE needs to flush HARQ buffer)

1. The following NOTE is captured: “UE should attempt to re-aquire SIBxx prior to validity timer expiry by UE implementation.” Details of NOTE (potentially including additional clarification if needed) may be finalized in Stage 3. This is captured in RRC specification (e.g. Section 5.2.2.x)

1. 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

Working Assumption:
1. Upon validity timer expiry, UE shall suspend uplink transmission and re-acquire SI, flushing HARQ buffers

This is partly captured in the RRC spec already:
[bookmark: _Toc46481693][bookmark: _Toc46482927][bookmark: _Toc83790224][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.
In IoT NTN, the T317 timer for handling validity timer is implemented in the RRC spec and expiry of it is indicated to lower layers (then MAC can take actions) and T318 is started during which the UE can reacquire the IoT NTN SIB (and if T318 expires, RLF is triggered). 
In IoT NTN the UEs cannot simultaneously read SIBs and regular scheduled data, which the UEs can in NTN. Therefore, the case that the UE loses UL synchronisation is very rare in NR NTN and there is no need to optimise for this case. 
In NR NTN, if the UE loses UL synch, it can trigger RLF immediately and inform lower layers to suspend any UL transmissions. Triggering RLF immediately avoids lazy UE implementation (that is a UE not reading SIB19 before the synch timer expires will experience a performance penalty s it triggers RLF more often than a properly implemented UE) – such UEs will create problems for the gNB resource handling as they will disappear and not respond to scheduling without the gNB knowing in advance – and avoids over optimization for a rare event. 
[bookmark: _Toc101822792]Introduce a timer T31X in RRC spec that is started at epoch time when SIB19 is received.
[bookmark: _Toc101822793]When new timer T31X expires an RLF is triggered. 
[bookmark: _Toc101822794]When new timer T31X is started or expires, lower layers shall be informed. 

When making HO, the question is how this T31X timer shall be handled for example if a HO fails. A simple method to handle all issues with validity duration of different cells, without the need to have complicated stop and restart conditions is to have one T31X for each serving cell. 
[bookmark: _Toc101822795]There is one T31X timer associated to each serving cell. 

Note that when RLF is declared, the RRC procedure will reset MAC which will flush Msg3/MSGA buffer (and as RA procedure will be the only way to start transmissions again, this has the same effect as flushing all HARQ buffers) and stop all UL transmissions. In such way, these proposals confirm the working assumption. 

Further note that, the epoch time can be in the future, as now being discussed in RAN1 (see for example R1-2204660). 
This is possible because the amount of information about satellite position and satellite movements (and many factors that affect them) can be much higher in a ground station than what can be signalled to the UEs in the limited resolution ephemeris of SIB19. In this case, the ephemeris is valid ntn-UlSyncValidityDuration before and after the epoch time, alternatively ephemeris is valid from when received until ntn-UlSyncValidityDuration after the epoch time. We can however wait for RAN1 conclusions on this before changing the timers. 

6		Conclusions
Based on the discussion in the previous sections we propose the following:
Proposal 1	Modify 5.1.5 part about starting the CRT as the below text proposal
Proposal 2	Modify 5.1.5 part about CRT expiry such that expiry also after initial Msg3 transmissions will not lead to considering contention resolution as unsuccessful, see text proposal below:
Proposal 3	The Msg3 repetition functionality introduced in Rel-17 shall be supported in NTNs.
Proposal 4	Modify 5.1.5 part about starting the CRT as the below text proposal:
Proposal 5	In MAC 5.4.8, change first sentence as follows: “The Timing Advance reporting procedure is used in a non-terrestrial network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., T_TA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).”
Proposal 6	Remove the NOTE 1b in 5.7 of MAC spec.
Proposal 7	Use two helper variables for the HARQ RTT timer extension.
Proposal 8	Consider adding the following text proposal just before “When DRX is configured, the MAC entity shall:” in 5.7 in MAC spec. After that line at every place exchange “drx-HARQ-RTT-TimerDL” for “HARQ_RTT_TIMER_DL” and exchange “drx-HARQ-RTT-TimerUL” for “HARQ_RTT_TIMER_UL”.
Proposal 9	Introduce a timer T31X in RRC spec that is started at epoch time when SIB19 is received.
Proposal 10	When new timer T31X expires an RLF is triggered.
Proposal 11	When new timer T31X is started or expires, lower layers shall be informed.
Proposal 12	There is one T31X timer associated to each serving cell.
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