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1. Introduction 
In RAN2#113bis-e meeting, essential parts were discussed for IoT NTN and following points were endorsed.
(24/24) Enhancements to ra-ResponseWindow and mac-ContentionResolutionTimer are essential. R2 assume that design can follow NR NTN agreements as baseline. 

(21/21) Enhancements to HARQ-RTT-Timer and UL-HARQ-RTT-Timer are essential. R2 assume that design can follow NR NTN agreements as baseline.

(21/21) Enhancements to sr-ProhibitTimer are essential. R2 assume that design can follow NR NTN agreements as baseline.  

(23/23) Enhancements to RLC SN and PDCP SN are not essential. 

(24/24) Enhancements to tracking area management are essential. 

(24/25) Provisioning of ephemeris is essential. NR NTN agreements can be used as the baseline.

(22/25) There is significant interest for Power saving in idle mode for NTN IOT devices, e.g. there is significant interest for enhancements to eDRX/PSM (discontinuous coverage) and to relaxed monitoring, SI acquisition and WUS. 

(19/23) Enhancements to UL scheduling for latency reduction are not essential. 

Enhancements to PUR are not essential (19/23). Enhancement to pur-ResponseTimer is needed and feasibility of PUR in GEO and LEO scenarios needs to be checked by RAN1.  

(18/23) Enhancements to RLC t-Reordering timer are essential. There is no need for further study as design can follow NR NTN agreements.

In this document, we provide further details on the important features for IoT NTN that can be supported with minor enhancements or no enhancement and should be considered as part of the SI TR.
2. Discussion 

EDT 

EDT allows UEs to transmit small data efficiently without transitioning to RRC_CONNECTED. Therefore, whatever enhancement is done to random access procedure will be sufficient for EDT to work in NTN. As it is already agreed that unless and until any issue is identified, all the features up to Rel-16 are supported by default.

Existing EDT triggering conditions do not need to be enhanced. The existing fallback mechanism, RAI procedure and EDT completion procedure also work as is in NTN. As transparent scenario is assumed in NTN, there could be frequent cell reselection but it is very likely that the gateway/eNB on the ground remains the same. Even in case eNB is changed, there should be no issue in performing UP EDT as described in TS 36.300 clause 7.3b, UE already supports initiating user plane EDT in a new eNB.
Since no issue is identified to support both CP and UP EDT in NTN, EDT should be supported by default in NTN.

Proposal 1 Capture in TR that EDT is supported in NTN without additional changes compared to random access procedure.

PUR

PUR is a RACH-less UL transmission from RRC_IDLE mode. Specially for LEO scenario, UE may not meet the time and frequency compensation requirements. Therefore, large impact is foreseen to support PUR in LEO. However, in case of GEO, as cell can be considered fixed, the UE may be able to meet requirements for time and frequency compensation for UL transmission without RACH. However, this needs to be checked with RAN1. From RAN2 perspective, minor enhancements such as start offset to PUR response window and PUR validation criteria can be considered.

Proposal 2 Capture in TR that PUR in GEO is feasible with minor enhancement to PUR response window and validation criteria. 
PDCCH-based HARQ ACK

For eMTC, the purpose of the MPDCCH-based HARQ-ACK is the early termination of the PUSCH transmission in case excessive PUSCH repetitions are configured and eNB does not need all repetitions to decode the PUSCH. This can still be beneficial in NTN in LEO scenario where RTT is less than 25.77ms and UE is in enhanced coverage.
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Figure 1 An example of PDCCH-based HARQ-ACK (early HARQ ACK)
In case of NTN, the MPDCCH-based HARQ-ACK can also be used for various other purposes including early reception of HARQ feedback, early reception of retransmission UL grant or new transmission UL grant to improve the throughput as UE would not need to wait for long RTT. 

The question is what additional specification change is needed to support this feature. This feature may not be suitable for GEO scenario due to very long RTT (~542ms). However, to support this feature in LEO, no major enhancement is necessary. The existing range for DRX retransmission timer is already larger than UE-eNB RTT (i.e., > 25.77ms) in LEO in case the value of DRX retransmission timer needs to be longer than UE-eNB RTT. 
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Since the PDCCH-based HARQ ACK stops all DRX retransmission timers, offset associated with the UE-eNB RTT can be used to correlate the acknowledgement with the associated HARQ process(es) as acknowledgement can be received only after UE-eNB RTT. This requires small enhancement doable well within the Rel-17 time-frame.

Proposal 3 Capture in TR that PDCCH-based HARQ ACK can be supported in LEO scenario with minor enhancement.
Multi-TB scheduling

Multi-TB scheduling is also important feature to reduce the control signaling overhead. As shown in figure 2, this feature can also be supported in NTN without any additional enhancement. The only enhancement needed is the extension of HARQ RTT timer which is a common essential enhancement for DRX in NTN. This is true for both UL and DL multi-TB scheduling cases.
Proposal 4 Capture in TR that multiple TB scheduling can be supported without needing further enhancement.
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Figure 2 An example of DL multi-TBs scheduling
HARQ retransmission

Specially in GEO where the RTT is very large, the UE’s throughput degrades significantly due to stop-and-wait process. To resolve the HARQ stalling state, following agreement was made in NR NTN.

· It is NW scheduling strategy to avoid NTN UE in HARQ stalling state. From RAN2 perspective, the NW can continuously schedule the UE using one or a combination of scheduling strategies, such as without HARQ retransmissions, or with blind retransmissions, or with HARQ retransmissions based on DL HARQ feedback (or UL decoding result).
Additionally, while eMTC and NB-IoT are designed for delay tolerant traffic, they are not designed with such a large propagation delays and RTT in mind which can result in much larger end-to-end delays with HARQ operations as specified currently. In IoT NTN, similar mechanism that is being discussed in NR NTN can be introduced to disable HARQ retransmission or HARQ feedback.

Proposal 5 Capture in TR that HARQ feedback/HARQ retransmission can be disabled to avoid HARQ stalling state in GEO cell.

Relaxed monitoring
Even though the UE is stationary, UE might see cell changing frequently due to fast satellite movement. Therefore, criteria to use relaxed monitoring may never be met in LEO scenario. However, in GEO, the cell can be fixed. Therefore, a static or low mobility UE will see very small or no change in RSRP and can meet the relaxed monitoring criteria. In other words, existing relaxed monitoring criteria based on RSRP, time and cell reselection can still be applicable in NTN, the only difference is UE may meet criteria in GEO but not in LEO.

Proposal 6 Capture in TR that relaxed monitoring is supported without further enhancement in GEO cell.
3. Conclusion

Following proposals are made.
Proposal 1
Capture in TR that EDT is supported in NTN without additional changes compared to random access procedure.
Proposal 2
Capture in TR that PUR in GEO is feasible with minor enhancement to PUR response window and validation criteria.
Proposal 3
Capture in TR that PDCCH-based HARQ ACK can be supported in LEO scenario with minor enhancement.
Proposal 4
Capture in TR that multiple TB scheduling can be supported without needing further enhancement.
Proposal 5
Capture in TR that HARQ feedback/HARQ retransmission can be disabled to avoid HARQ stalling state in GEO cell.
Proposal 6
Capture in TR that relaxed monitoring is supported without further enhancement in GEO cell.
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