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1 Introduction
Large propagation delay and wide geographical coverage of beam-spots (cells) result in significant increase in round-trip delay (RTD) and delay difference in NB-IoT based NTN. The effects of this high RTD and delay difference were discussed and analysed during the Rel. 16 NR-NTN Study Item (SI) [1]. Based on this study, RAN2 made the following recommendations for Random Access (RA), Scheduling Request (SR) and Discontinuous Reception (DRX), in Section 9.2 of 3GPP TR 38.821 [1].

	- Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptations for UEs with GNSS capabilities; timing advance and msg3 scheduling.
- Timing advance: TA calculation and signaling adaptation to deal with NTN maximum round trip delay in LEO and GEO scenarios for UE with and without UE location information.
- DRX: 
· If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure may be required
· Options for UE power saving for SR and CFRA can be discussed during work item phase
- Scheduling Request: Extension of the value range of sr-ProhibitTimer.



Furthermore, in Rel. 17 NR-NTN Work Item (WI) [2] is aimed at specifying the enhancements identified for LEO and GEO. Keeping this in mind, in this contribution we identify the parts of TR38.821 that can be re-used for user-plane timers in NB-IoT/eMTC support for NTN. 
2 Discussion
Based on the reference scenarios and major parameters for NR-NTN, mentioned in 3GPP 38.821 [1], we can conclude that the maximum total RTD for GEO NTN is almost 541.46ms. Similarly, the maximum RTD for LEO NTNs 12,200kms altitude are 25.77ms and 41.77ms at 600kms and 1,200kms altitudes respectively. The maximum differential delay (i.e. the maximum difference of RTD experienced by two devices in the same beam-spot) is 10.3ms and 3.1ms for GEO and LEO NTNs respectively. 
After transmitting RA Preamble (msg1), the NB-IoT device monitors PDCCH for the Random Access Response (RAR) message (msg2). If no valid response is received during the ra-ResponseWindowSize, a new preamble is transmitted. If a certain number of preambles have been sent, an appropriate RA problem will be indicated to upper layers. In NTN the RTD is much larger and therefore, the RAR might not be received by the IoT device within the time interval, of ra-ResponseWindowSize, having values specific to terrestrial networks. As mentioned in 3GPP TR 38.821 [1], the maximum differential delay could be up to 10.3ms for GEO-NTN and 3.18ms for LEO-NTN. Based on this, during Rel-16 NR-NTN SI, it was discussed that if two devices initiate the same RACH Opportunity (RO), using the same RA-RNTI, in two consecutive system frames, there is a non-zero probability that the separation of ROs can be less than the differential delay (i.e. <= 10.3ms). In that case, the preamble of the two devices can fall into the same processing window of the gNB, leading to preamble ambiguity. After successful reception of RAR, the NB-IoT device transmits msg. 3 and starts Contention Resolution (CR) timer (mac-ContentionResolutionTimer). The device now continues to wait for msg.4. If msg. 4 is not received before the expiry of mac-ContentionResolutionTimer, the device considers a failure in contention resolution. As the RTD is much larger in NTN similar to RAR, msg. 4 is also not likely to be received by the UE within the expiry of mac-ContentionResolutionTimer [3, 4]. 
Similarly, if a BSR is triggered, but there is no UL resource for BSR transmission, the IoT device triggers SR for requesting PUSCH resources. The SR is considered pending until a UL grant is received and a BSR or available data is transmitted. If the timer expires due to high satellite RTD with a pending SR, a new SR is transmitted. To avoid unnecessary SR transmissions, an SR prohibit timer is introduced to reduce the load on PUCCH. UE starts this timer after transmitting an SR. When SR Prohibit timer is running, the UE does not transmit any more SR on PUCCH. In NTN the RTD is much larger than SR Prohibit timer values of NR. Hence, the SR Prohibit timer will expire even before the IoT device receives the UL grants (in PDCCH) for PUSCH transmission [4].
Finally, the HARQ-RTT-Timer and UL-HARQ-RTT-Timer respectively specify the minimum number of subframes before a DL assignment and UL grant for HARQ retransmission is expected. However the DL assignment or UL grant for HARQ retransmissions might not be received due to the high RTD in NTN. Hence, it is required to update the corresponding HARQ timers [3, 4]. 
Observation 1: The challenges associated with the expiry of MAC timers in NR-NTN remains the same in NB-IoT NTN. High round-trip delay of NTN is the primary cause of these challenges. 

2.1 Total Round-trip Delay Acquisition by NB-IoT Device
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Similar to the assumption of GNSS capable UE in Rel-17 NR-NTN WI [2], a GNSS capable NB-IoT device can perform the following operations required for uplink (UL) synchronization [3]:
1. The device can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine satellite delay over the access links.
2. After determining the satellite delay, the device can pre-compensate satellite delay to synchronize on UL before transmission on the access link

Observation 2: Similar to NR-NTN, a GNSS-capable NB-IoT device can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine and pre-compensate satellite delay (δa) in the access link for UL synchronization before transmission.
Once UL synchronization is achieved, the device can use the pre-compensation delay to estimate the offset required for achieving UL Timing Advancement (TA). The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1 [4]. gNB or GW can provide the feeder link delay (δf) between the satellite and gateways to the device by using SIB. The details of the SIB contents and its frequency of transmission is out of scope of this contribution. Using this feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) the NB-IoT device can estimate the total round-trip delay (δRTD) between device and and the gateway. The NB-IoT device can now use this δRTD to update the relevant MAC timers. 

Observation 3: Similar to NR-NTN, using the feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) an IoT device can estimate the total round-trip delay (δRTD) between the device and the gNB. The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1.

2.2 MAC Timers and Preamble Ambiguity
The RTD might be different for different IoT devices. Similar to the solutions discussed in NR-NTN, the IoT device will use its pre-calculated offset to delay the start of the existing ra-ResponseWindowSize and mac-ContentionResolutionTimer to compensate the high round trip delay (RTD) and there is no need to extend the ra-ResponseWindowSize and device is required to monitor PDCCH only during the ra-ResponseWindowSize. As discussed in NR-NTN using pre-calculated offset to delay the start of the existing ra-ResponseWindowSize will also remove any possibility of preamble ambiguity [3, 4]. Similarly, SR Prohibit timer needs to be extended and the solutions for NR-NTN could be re-used. Pre-compensated deterministic offsets can also be used to compensate the HARQ-RTT-Timer and UL_HARQ-RTT-Timer.
Proposal 1: The offset based solutions of MAC timer adjustments, discussed in NR-NTN, will be reused for adjusting the user plane timers in NB-IoT NTN. Similar to NR-NTN, by using suitable offset preamble ambiguity can be avoided and there is no need to extend ra-ResponseWindowSize.

2.3 RLC and PDCP Timers
[bookmark: _GoBack]When RLC t-Reordering timer expires, the receiving RLC entity triggers a status report for lost PDU(s) and the transmitting RLC entity retransmits the RLC PDU(s) (for AM), or the receiving RLC entity reassembles and delivers the RLC SDUs to the upper layer (UM). Similar to the adjustment of MAC timers, discussions are underway to extend RLC t-Reordering timer in NR-NTN by the same UE-specific offset [5]. However, unlike NR-NTN, in IoT NTN the data rates are much lower, and data transmission will consist of a pretty small number of packets over a relatively long period of time. Hence, there is no need to extend RLC t-Reordering timer and the existing range of the RLC t-Reordering timer is sufficient. Similarly, owing to the low data rates, existing RLC Sequence Number length is sufficient for IoT NTN
Proposal 2: As the target data rates in NB-IoT are much lower than NR, and data transmission consists of a pretty small number of packets over a relatively long period of time, there is no need to extend RLC timers and RLC SN length.

Similar to RLC, there is no need to extend PDCP Discard timer and PDCP SN length for IoT NTN.
Proposal 3: Similar to RLC timers and SN length, there is no need to extend PDCP timers and PDCP SN length.
3 Conclusions
Large round-trip delay (RTD) of NB-IoT based NTN can result in expiry of major MAC MAC timers. In this contribution, we identify the parts of TR38.821 that can be re-used for user-plane timers in NB-IoT/eMTC support for NTN. We mention how the IoT device can reuse the solutions being agreed and discussed in NR-NTN to update the major MAC timers associated with random access and scheduling request. We also point out that unlike NR-NTN there is no need to update the RLC PDCP timers and SN length in NB-IoT NTN. 
Observation 1: The challenges associated with the expiry of MAC timers in NR-NTN remains the same in NB-IoT NTN. High round-trip delay of NTN is the primary cause of these challenges. 
Observation 2: Similar to NR-NTN, a GNSS-capable NB-IoT device can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine and pre-compensate satellite delay (δa) in the access link for UL synchronization before transmission.
Observation 3: Similar to NR-NTN, using the feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) an IoT device can estimate the total round-trip delay (δRTD) between the device and the gNB. The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1.
Proposal 1: The offset based solutions of MAC timer adjustments, discussed in NR-NTN, will be reused for adjusting the user plane timers in NB-IoT NTN. Similar to NR-NTN, by using suitable offset preamble ambiguity can be avoided and there is no need to extend ra-ResponseWindowSize.
Proposal 2: As the target data rates in NB-IoT are much lower than NR, and data transmission consists of a pretty small number of packets over a relatively long period of time, there is no need to extend RLC timers and RLC SN length.
Proposal 3: Similar to RLC timers and SN length, there is no need to extend PDCP timers and PDCP SN length in NB-IoT NTN.
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