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Introduction

In RAN2#112 e-meeting[1], for NB-IoT/eMTCover NTN, the following agreements about technical applicability of TR 38.821 [2]have been achieved:

	[035] 1: The challenges associated with the expiry of MAC timers in NR-NTN remain the same in eMTC/NB-IoT NTN and high RTT of NTN is the primary cause of this.

[035] 2: An offset will be used to delay (adjust) the start of ra-ResponseWindow and mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, similar to NR-NTN. Further discussion is needed for the SR-Prohibit timer. Offset estimation process and the offset value are FFS.

[035] 3: It is assumed that If the start of the ra-ResponseWindow is accurately compensated and no extension of repetition is required, there is no need to extend the ra-ResponseWindowSize for eMTC over NTN, similar to NR-NTN.

[035] 4: RAN2 assumes that PRACH capacity in eMTC/NB-IoT over NTN will be evaluated to check whether it can support the large cell size of GEO/LEO. However, RAN2 believes this is more of a RAN1 topic and thus recommends companies to submit their contributions in RAN1.

[035] 5: RAN2 should wait for RAN1’s decision on TA in eMTC/NB-IoT NTN.

[035] 6: It is FFS whether there is any need to disable HARQ feedback in eMTC/NB-IoT NTN.

[035] 7: RAN2 assumes to reuse NR-NTN agreements as baseline for the starting of HARQ-RTT-Timer and UL-HARQ-RTT-Timer in eMTC/NB-IoT NTN.

[035] 8: Unlike NR-NTN, as latency is not a critical performance requirement in NB-IoT devices, UL scheduling enhancement for delay reduction is not necessary for NB-IoT over NTN.

[035] 9: It is FFS if there is any need to extend RLC t-Reordering timer in eMTC/NB-IoT NTN.

[035] 10: There is no need to extend RLC and PDCP SN length for eMTC/NB-IoT NTN, similar to NR-NTN.


In later RAN#90e, the status report on NB-IoT/eMTC support for NTN gives summary on the remaining issues for RAN2 as below in [3], the user plane related objectives are highlighted with yellow and they will be discussed in this contribution:

	Second Objective
Aspects related to HARQ operation 

General aspects related to timers (e.g. SR, DRX, etc.) 

RAN2 aspects related to idle mode and connected mode mobility 

RLF-based mobility for NB-IoT

Handover-based mobility for eMTC

System information enhancements 

Tracking area enhancements 

Aspects related to random access procedure/signals [RAN1, RAN2] 

Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]


In RAN2 #112e meeting, the WID of NR NTN has made some progress and some agreements have been achieved. With reference to those agreements, we will discuss remaining user plane related issues and possible solutions for NB-IoT/eMTCover NTN and.
Discussion

Aspects related to random access procedure/signals

In RAN2#112 meeting, an agreement “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” has been achieved for NR NTN. This is also applicable for IoT over NTN. Therefore, RAN2 should wait until further agreements regarding RACH are made in RAN1 and then can discuss offset to starting of RA response window and RA contention resolution timer.
Proposal 1: RAN2 should postpone the discussion on offset to starting of RA response window and RA contention resolution timer until further agreements regarding RACH are made in RAN1.

Moreover, an agreement “For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.” has been achieved for NR NTN. The scheduling timing for msg3 K_offset is a cell specific parameter in NR NTN. It is mainly determined by the maximum propagation delay of the cell to schedule the UE. This agreement is also applicable for NB-IoT/eMTC over NTN.
Proposal 2: The cell specific K_offset used in initial access in NR NTN is applicable for NB-IoT/eMTC over NTN.

According to 38.821, in NR NTN, it is beneficial to report UE’s pre-compensated timing advance value so that gNB can utilize that knowledge to provide UE the scheduling timing relationship. Otherwise, gNB has to always schedule the UE using the maximum RTT. This will lead to unnecessary latency and waste of resource. According to the agreement in RAN2#112 meeting “At least the following are FFS in Rel-17 NTN: Report UE-calculated TA in e.g. msg3/msg5/msgA”, we learn that whether to introduce such reporting is still under discussion in NR NTN. 
In NB-IoT/eMTC over NTN, the reporting about UE’s calculated TA value is also beneficial. Different from that only 1 spare bit in RRCSetupRequest in NR, there are 17 spare bits in RRCConnectionRequest-NB, 20 spare bits in RRCConnectionReestablishmentRequest-NB. It is easier to carry the UE’s calculated TA value using those spare bits. Therefore, in NB-IoT over NTN, it’s feasible to introduce UE-calculated TA report in Msg3.
Proposal 3: In NB-IoT over NTN, Msg3 can be used to report UE-calculated TA if the spare bits are enough.
Aspects related to HARQ operation 

According to the current NB-IoT/eMTC MAC specification [5], at most 2 HARQ processes are supported for NB-IoT UE and at most 14 HARQ processes are supported for eMTC UE. As mentioned in 38.821, in NR NTN, “The propagation delays in NTN are much longer, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. The HARQ RTT can be much longer in NTN. It was identified early in the study phase that there would be a need to discuss potential impact and solutions on HARQ procedure”. For eMTC/NB-IoT over NTN, the impact would be more serious due to the less HARQ processes.
In NR NTN study, the following options are considered to deal with the identified issues:

Option 1: More than 16 HARQ processes
Option 2: Disabling of HARQ operation
Considering that supporting larger number of HARQ processes will increase the UE complexity, we think option 1 is not preferable for low cost eMTC/NB-IoT UE. . 
Observation 1: Supporting larger number of HARQ processes may increase UE complexity and cost.

Considering that disabling of HARQ feedback will require large UE buffer size (e.g. the UE may need to buffer different data PDU corresponding to a same HARQ process ID for blind (re)transmission), it may increase the cost eMTC/NB-IoT UE. Furthermore, disabling of HARQ feedback may have procedure impacts on EDT/PUR (as no RLC ack is used for the RRCConnectionRelease message in current EDT/PUR procedure).

Observation 2: Supporting to disable HARQ feedback in eMTC/NB-IoT NTN may require large UE buffer size and therefore increase the UE cost.

Furthermore, For NB-IoT and eMTC, the UE usually carries the service that is not sensitive to transmission delay and that has no strong requirement for data rate. In fact, in deep coverage enhancement, multiple repetitions (e.g. at most 2048 for NB-IoT PDCCH repetition) might be used to guarantee the correct transmission. The delay caused by repetition may be more serious than the NTN RTT. So the blind (re)transmission by disabling HARQ feedback is not necessary for NB-IoT/eMTC over NTN.

Observation 3: eMTC and NB-IoT are not delay sensitive and have no high data rate requirements and therefore the blind (re)transmission by disabling HARQ feedback is not necessary for NB-IoT/eMTC over NTN.

Proposal 4: Supporting larger number of HARQ processes and disabling of HARQ operation are not applicable to eMTC/NB-IoT over NTN.
Since PDCCH monitoring GAP (e.g. npdcch-StartSF-USS for NB-IoT and mpdcch-StartSF-UESS for eMTC) can be configured, it would be feasible to configure large PDCCH monitoring GAP in the large RTT case to avoid unnecessary PDCCH monitoring.

Proposal 5: Large PDCCH monitoring GAP configuration (e.g. npdcch-StartSF-USS for NB-IOT and mpdcch-StartSF-UESS for eMTC) can be used for NB-IoT/eMTC over NTN to avoid the unnecessary PDCCH monitoring.

Based on the current specification, the value range of npdcch-StartSF-USS is ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64}, the value range of mpdcch-StartSF-UESS is ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, v10} and the PDCCH monitoring GAP = Rmax-PDCCH * pdcch-StartSF-USS [6], but the RTT for GEO may be 520ms, whether the value range of npdcch-StartSF-USS and mpdcch-StartSF-UESS are large enough for GEO should be further discussed.
Proposal 5a: RAN2 should check whether the value range of npdcch-StartSF-USS and mpdcch-StartSF-UESS are enough for GEO.
General aspects related to timers (e.g. SR, DRX, etc.)

In NR NTN study, the following user plane procedures enhancements are identified [3]:
	MAC

Enhancement on UL scheduling to reduce scheduling latency.

DRX: 

If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.

If HARQ is turned off per HARQ process, adaptions in HARQ procedure

Scheduling Request: Extension of the value range of sr-ProhibitTimer 

RLC

Status reporting: Extension of the value range of t-Reassembly

Sequence Numbers: extension of the SN space only for GEO scenarios 

PDCP

SDU discard: Extension of the value range of discardTimer.

Sequence Numbers: extension of the SN space for GEO scenarios.


And in RAN2 #111e meeting [3], it has been agreed that:
	Agreements via email - from offline 107:
3. Modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed in Rel-17 NTN.


In RAN2#112-e meeting, it has been agreed that RLC t-Reassembly timer needs to be extended in NR-NTN. Considering that RLC t-Reassembly timer in NR takes the same role as the t-Reordering timer in NB-IoT/eMTC, it is also suggested to extend the t-Reordering timer in NB-IoT/eMTC over NTN. 

Generally speaking, all the timers that involve the Uu propagation delay and the value range are not large enough should be extended for NTN with at least the maximal RTT value. And all the timers that does not involve the Uu propagation delay (e.g. only running for traffic statistics) are not necessary to be extended. This rule is applicable to both eMTC/NB-IoT and NR. 

With the above rules, and similar as the NR agreements, we have the following proposals:

Proposal 6: The following timers should be extended to support NB-IoT/eMTC over NTN:

PDCP timers: discardTimer, t-Reordering, 

RLC timers: t-Reordering, 

MAC Timers: sr-ProhibitTimer, semiPersistSchedIntervalUL in SR-SPS-BSR-Config.

Conclusions

In this contribution, we make the following observations and proposal:

Proposal 1: RAN2 should postpone the discussion on offset to starting of RA response window and RA contention resolution timer until further agreements regarding RACH are made in RAN1.

Proposal 2: The cell specific K_offset used in initial access in NR NTN is applicable for NB-IoT/eMTC over NTN.

Proposal 3: In NB-IoT over NTN, Msg3 can be used to report UE-calculated TA if the spare bits are enough.
Observation 1: Supporting larger number of HARQ processes may increase UE complexity and cost.

Observation 2: Supporting to disable HARQ feedback in eMTC/NB-IoT NTN may require large UE buffer size and therefore increase the UE cost.

Observation 3: eMTC and NB-IoT are not delay sensitive and have no high data rate requirements and therefore the blind (re)transmission by disabling HARQ feedback is not necessary for NB-IoT/eMTC over NTN.

Proposal 4: Supporting larger number of HARQ processes and disabling of HARQ operation are not applicable to eMTC/NB-IoT over NTN.
Proposal 5: Large PDCCH monitoring GAP configuration (e.g. npdcch-StartSF-USS for NB-IOT and mpdcch-StartSF-UESS for eMTC) can be used for NB-IoT/eMTC over NTN to avoid the unnecessary PDCCH monitoring.

Proposal 5a: RAN2 should check whether the value range of npdcch-StartSF-USS and mpdcch-StartSF-UESS are enough for GEO.

Proposal 6: The following timers should be extended to support NB-IoT/eMTC over NTN:

PDCP timers: discardTimer, t-Reordering, 

RLC timers: t-Reordering, 

MAC Timers: sr-ProhibitTimer, semiPersistSchedIntervalUL in SR-SPS-BSR-Config.
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