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1	Introduction
In RAN#92e, a work item on NB-IoT/eMTC over NTN was approved with following objectives in WID [1]:
	All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.
Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:
-	User Plane:
-	Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 
-	Enhancements to RLC t-Reordering timer. 



In this contribution, we discuss enhancements to the MAC timers and adaptations to support existing UP features from RAN2 point of view to support NB-IoT/eMTC over NTN.
2	Discussion
2.1	Aspects related to UP timers
Due to high RTD in NTN, enhancements to random access (RA) response window and RA contention resolution timer was agreed in study item. Similar to NR NTN, RAN2 agreed to introduce an offset to delay the start of the ra-ResponseWindowSize and mac-ContentionResolutionTimer for IoT NTN. RAN2 also assumed that the design can follow NR NTN agreements as baseline.
In NR NTN, RAN1-105e agreed the start of RA response window is delayed by the estimate of UE-gNB RTT, where the estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
	RAN1#105e NR NTN Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.



Since RAN1 agreed to take the time and frequency synchronization agreements in NR NTN as baseline for IoT NTN in WID [1] (excerpt as below), it is reasonable to assume IoT UE could estimate the UE-eNB RTT using the similar methods in NR NTN but it is possible to have minimum changes, where the changes on top of NR NTN agreements should be decided by RAN1. For IoT NTN, it is sensible to use UE-eNB RTT estimated by UE as offset to delay the start of the ra-ResponseWindowSize while the details of the RTT estimation can be left to RAN1.
	RAN1 Objectives in IoT NTN WID:
Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI  agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 



Proposal 1: The start of ra-ResponseWindowSize is delayed by an estimate of UE-eNB RTT. How to estimate the UE-eNB RTT is in RAN1 scope.
For eMTC, the maximum value for ra-ResponseWindowSize is 400ms, which may not big enough to cover the required MPDCCH (or MPDCCH+MPDSCH for CE ModeA) repetition number to decode RAR successfully. It is RAN1 to conclude the required repetition number of channels for IoT NTN to achieve the target MCL. If the start of the ra-ResponseWindowSize is accurately compensated by UE-eNB RTT and no extension of channel repetition is required, there is no need to extend the ra-ResponseWindowSize for eMTC over NTN, similar to NR-NTN. However, the accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT is still open, which is up to RAN1 to evaluate.
Proposal 2: If the start of the RA Response window is accurately compensated by UE-eNB RTT and no extension of channel repetition is required, there is no need to extend the ra-ResponseWindowSize for IoT NTN. 
For Contention Resolution timer, in NR NTN, RAN2 agreed that “an offset to the start of the ra-Contention Resolution Timer is introduced for both LEO and GEO scenarios”. However, there is no agreement on the exact meaning of the offset. In IoT NTN, we prefer to use the same solution as NR NTN for the start of Contention Resolution timer.
Proposal 3: The start of mac-ContentionResolutionTimer is delayed by an offset. The exact meaning of the offset should follow NR NTN agreement.
As mentioned in [4], if HARQ is supported by IoT NTN, the DL assignment or UL grant for HARQ retransmissions might not be received within legacy DRX RTT timers due to the high RTD. In the SI, RAN2 assumed to reuse NR-NTN agreements as baseline for the starting of HARQ-RTT-Timer and UL-HARQ-RTT-Timer in eMTC/NB-IoT NTN.
In NR NTN, RAN2 agreed that, both DL and UL HARQ RTT timer length is increased by an offset, where the offset is equal to UE-gNB RTT. 
	RAN2 NR NTN agreements:
· For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT 
· RAN2 working assumption: Offset for drx-HARQ-RTT-TimerUL is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it).



In IoT NTN, HARQ RTT Timer and UL HARQ RTT timer are calculated using formulas specified in 36.321 section 7.7, where NB-IoT and eMTC have different formulas depending on feature configurations. Specifically, alignment with the PDCCH search space is considered in NB-IoT. Similar to NR NTN, it is reasonable to increase the (UL) HARQ RTT timer length by an offset where offset is equal to UE-eNB RTT.
Proposal 4: The timer length of HARQ RTT timer and UL HARQ RTT timer are increased by an offset, where the offset is equal to UE-eNB RTT.
A UE can use a Scheduling Request (SR) to request UL-SCH resources from the eNB for a new transmission or a transmission with a higher priority. The prohibit timer (sr-ProhibitTimer) can be configured by network to avoid UE from sending SR too frequently. During the prohibit timer is active, no further SR is initiated. In legacy eMTC and NB-IoT, the sr-ProhibitTimer will at latest expire after 7 SR periods for eMTC or after 7 NPRACH opportunities for NB-IoT. Since the RTD in GEO is larger than 500ms, in the case UE is configured with small SR periods (e.g. 40ms), the maximum value of sr-ProhibitTimer is less than the RTD which cannot prohibit UE sending SR before UE receiving UL resource allocated by eNB. In the SI, RAN2 agreed that the sr-ProhibitTimer will be modified to include larger values and alignment to NR NTN can be considered.
In NR NTN, it was agreed to extend the timer length of sr-ProhibitTimer. However, there is no conclusion on how to extend the timer length. The first option is to extend the timer by adding an offset to existing values where the offset is equal to NTN RTD. The second option is that the timer should be extended to include higher values in the value range instead of adding an RTD offset to the existing values. We believe the second option is better since it allows values lower than the RTD, which facilitates NW to configure the UE to send multiple SRs within an RTD to decrease the delay in the case eNB does not detect the first SR. For IoT NTN, it’s better to use the same solution as for NR NTN. RAN2 can wait for the NR NTN conclusion, then decide how to extend the timer.
Proposal 5: The timer length of sr-ProhibitTimer should be extended for IoT NTN, the detailed solution should be aligned with NR NTN conclusions.
For RLC t-Reordering timer, RAN2 has agreed that the value range of t-Reordering should be extended to support IoT NTN. RAN2 further agreed there is no need for further study as design can follow NR NTN agreements. 
In NR NTN, following agreement are reached for the corresponding RLC t-Reassembly timer, which can be reused by IoT NTN.
	RAN2 NR NTN agreements:
1.	The UE utilizes the t-Reassembly timer value that does not depend on the time-varying UE-gNB delay.
2.	The value range of t-Reassembly shall be extended. The following set of values are possibly added for t-Reassembly timer: {ms210, ms220, ms340, ms350, ms550, ms1100, ms1650, ms2200}. Any other values are FFS.



Proposal 6: For RLC t-Reordering timer, the timer value does not depend on time-varying UE-eNB delay.
Regarding how to extend the value range of t-Reordering, we think it can simply follow the NR NTN solution described in 38.821 (excerpt as below), where higher value should be added to timer value range by considering number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances. 
	t-Reassembly extension for NR NTN in TR38.821:
If HARQ is supported by NTN, the value range of t-Reassembly should be extended to support NTN.
One possible solution to extend t-Reassembly would be to consider the UE-specific round-trip delay, RTD, the number of allowed HARQ-retransmission attempts nrof_HARQ_retrans, as well as a configurable offset to account for possible delays on UE and network-side, scheduling_offset:
t-Reassembly = RTD * nrof_HARQ_retrans + scheduling_offset



Proposal 7: The value range of RLC t-Reordering timer shall be extended. The values which should be added to value range should consider number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances.

2.2	Adaptations to support existing UP features
In IoT NTN SI, early data transmission (EDT) and preconfigured uplink resources (PUR) were discussed but considered as not essential features for Rel-17, since the power saving enhancement in connected mode is not a key requirement for IoT NTN for the intermittent small packet traffic transmissions. However, if there is no major change for adaptation to support the features, RAN2 agree to discuss it in WI phase.
	[032] 12: Enhancements for power saving in connected mode power are not essential. Minor adaptations to enable support in NTN deployment of existing features e.g. EDT, PUR for GEO may be considered in WI phase. (no major changes for adaptation is assumed).



EDT enables the UE to transfer a small amount of data in msg3 of the Random Access procedure. If the transmission is successful, the UE will not move to RRC Connected mode, but return to RRC Idle (sleep). The feature reduces the signalling overhead and the delay in transferring the small amount of data, and therefore also saves UE energy and reduce the latency. Since the enhancement done to random access procedure seems be sufficient for EDT to work in NTN, the EDT support can be considered in IoT NTN WI.
Proposal 8: EDT can be supported in IoT NTN if there is no additional enhancement compared to random access procedure.
PUR allows UE to skip the msg1 and msg2 steps of the Random Access procedure if the UE can confirm the serving cell is the same and optionally that Timing Advance is valid/RSRP is within a certain range, and instead directly initiate the data transmission using the PUR. In terms of the feature’s applicability in NTN, there are issues related to the LEO deployments, where the serving cell may change frequently and radio conditions also vary fast. However, for GEO, as cell can be regarded as fixed, PUR may be considered in IoT NTN WI with minor adaptations. In RAN2-114e meeting, it was agreed an offset should be added to the start of pur-ResponseWindowTimer, while the other enhancements should be further studied (e.g. whether UE can meet the TA validation criteria for UL transmission without RACH).   
	For PUR, offset is suggested to be added to the start of pur-ResponseWindowTimer. If the start of the pur-ResponseWindowTimer is accurately compensated by UE-gNB RTT, there is no need to extend pur-ResponseWindowTimer value range. 



Proposal 9: RAN2 to study the adaptations to enable PUR for GEO, but with low priority.
3	Conclusion
This document has made the following proposals:
Proposal 1: The start of ra-ResponseWindowSize is delayed by an estimate of UE-eNB RTT. How to estimate the UE-eNB RTT is in RAN1 scope.
Proposal 2: If the start of the RA Response window is accurately compensated by UE-eNB RTT and no extension of repetition is required, there is no need to extend the ra-ResponseWindowSize for IoT NTN. 
Proposal 3: The start of mac-ContentionResolutionTimer is delayed by an offset. The exact meaning of the offset should follow NR NTN agreement.
Proposal 4: The timer length of HARQ RTT timer and UL HARQ RTT timer are increased by an offset, where the offset is equal to UE-eNB RTT.
Proposal 5: The timer length of sr-ProhibitTimer should be extended for IoT NTN, the detailed solution should be aligned with NR NTN conclusions.
Proposal 6: For RLC t-Reordering timer, the timer value does not depend on time-varying UE-eNB delay.
Proposal 7: The value range of RLC t-Reordering timer shall be extended. The values which should be added to value range should consider number of HARQ retransmissions and NTN RTD covering possible satellite orbit distances.
Proposal 8: EDT can be supported in IoT NTN if there is no additional enhancement compared to random access procedure.
Proposal 9: RAN2 to study the adaptations to enable PUR for GEO, but with low priority.
Reference
[1] RP-211601, “NB-IoT/eMTC over NTN Work Item Description”
[2] R2-2104376, “LS on TA pre-compensation”, OPPO
[3] R1-2105406, “Timing relationship enhancements for NB-IoT/eMTC over NTN”,  Nokia, Nokia Shanghai Bell
[4] TR 36.763, NB-IoT/eMTC support for NTN

