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Introduction
[bookmark: _Hlk510705081]The study item description [1] for NB-IoT/eMTC support for non-terrestrial networks defined the following second objective:The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	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]
-  Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

[bookmark: OLE_LINK5]NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
Recommendations for NB-IoT and recommendations for eMTC will be documented in the conclusions.


As LTE NB-IoT and eMTC has been designed for TN scenario and NR over NTN has discussed a lot on NTN specific issues, it is preferred to reuse solutions from these designs as much as possible, to save standardization effort. 
Meanwhile, for NB-IoT and eMTC over NTN, considering the characteristic of massive, low-cost, reduced power consumption, special issues will occur because of long propogation delay, large doppler and moving satellite.
In this contribution we provide our observations/proposals related to the necessary changes related to these issues.
Discussion
High speed satellite
Different from NR design, NB-IoT is designed mainly for stationary scenario while eMTC can support high speed but with limitation as in TN scenario.
When considering <6GHz carrier, with Max Doppler shift (earth fixed user equipment) as 0.93 ppm [2] for GEO scenario, the maximum doppler shift is 6 GHz*0.93e-6 = 5580Hz, which is much larger than the supported Doppler shift as 220Hz for eMTC. While, the issue will impact more for LEO scenario, with Max Doppler shift (earth fixed user equipment) as 24 ppm for LEO600 and 21 ppm for LTE1200 [2], i.e. 144 kHz and 126 kHz at 6 GHz carrier, respectively.
Observation 1: the maximum doppler shift supported by current LTE NB-IoT/eMTC design is much lower than expected doppler shift in NTN scenario.
With this high doppler shift in NTN, it should be reconsidered
· How to change design for LTE NB-IoT/eMTC with repetition to support the high speed satellite?
· Whether the current NPBCH/NPSS/NSSS/NRS/RSS need to be changed to acquire accurate T/F synchronization and cell ID, together with GNSS capability?
For all these questions, it may be feasible to also introduce UE auto-compensation for frequency doppler shift in IoT over NTN as in NR over NTN, but the power consumption/complexity should be considered.
Proposal 1: it should be considered how to guarantee NB-IoT and eMTC with repetition to support high doppler in NTN scenario.
Proposal 2: it should be considered whether and how NPBCH/NPSS/NSSS/NRS/RSS need to be changed to acquire accurate T/F synchronization and cell ID, together with GNSS capability.
Proposal 3: To support high speed satellite scenario, if UE auto-compensation for frequency doppler shift is considered as in NR over NTN, the increased power consumption/complexity should also be considered.
Time/frequency sync
In [1], it has mentioned “GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.”
Comparing with IoT in TN, GNSS related processing will request additional complexity/cost, consume additional power and reduce battery life. It should be evaluated how much power consumption/complexity/cost will be increased. In our company contribution in 8.4.2 [3], we have listed the source of GNSS inaccuracy, e.g. GNSS inaccuracy caused by blockage from buindlings, Ionospheric and Tropospheric Delays, delay of GNSS information processing, etc. Different GNSS capability/accuracy will require different cost/power. For different LTE NB-IoT/eMTC UE category, the ratio of the additional requirement will be also different. One question is do we want to support all LTE NB-IoT/eMTC UE category, as we discussed in company contribution [4]. For each category to be supported, it should be studied which type of GNSS capability and accuracy is acceptable.
Observation 2: it is not clear for power consumption and accuracy for NB-IoT/eMTC UE with GNSS processing.
Based on GNSS capability, whether the decided accuracy can guarantee similar time/frequency synchronization as in TN scenario. Except the GNSS accuracy, content of the GNSS measurement should also be discussed, e.g. which measurement items should be supported by NB-IoT/eMTC, which measurement items do not need to be supported comparing with NR UE over NTN, and the impact of them. Additionally, it is decided GNSS and NTN NB-IoT/eMTC operation can not be simultaneous. If GNSS accuracy is not high enough, it should be studied, together with relative GNSS accuracy, whether system assistance or more repetition for NPBCH/NPSS/NSSS/NRS/RSS is also needed for time/frequency synchronization and how to process. 
Proposal 4: it should be studied
· Whether all LTE NB-IoT/eMTC UE category should be supported in Rel 17 SI IoT over NTN.
· For each category to be supported, which type of GNSS capability and accuracy is acceptable from power consumptoin/cost/complexity PoV for IoT UE.
· Whether system assistance or more repetition for NPBCH/NPSS/NSSS/NRS/RSS is needed for time/frequency synchronization and how to process.
For UL synchronization, GNSS capability could also be considered as a baseline. However, power consumption and GNSS accuracy of GNSS processing for NB-IoT/eMTC is also not clear. In case GNSS accuracy can not be guaranteed, as mentioned in our company contribution in 8.4.2 [3], UL random access procedure should also be studied. Solutions in NR over NTN could be baseline, but whether it can satisfy the requirement of the power consumption and complexity/cost reduction should also be considered.
Proposal 5: In case GNSS accuracy is not accurate enough or not always available, UL random access procedure should also be studied, with baseline as NR over NTN solutions but power consumption and complexity/cost reduction should also be considered.
In LTE NB-IoT/eMTC, it is not allowed to update TA in dureation of repetitions. In NTN, especially in LEO scenario, the distance between satellite and UE is continuous changing. It is not acceptable to use one TA for entire repetition duration, which may last at most for seconds or tens of seconds. TA value changing during the repetitions should be considered in UL transmission, to guarantee UL from different UEs are aligned at reference point and no interference caused by non-synchronizaiton in UL.
Proposal 6: TA value changing during the repetitions should be considered in UL transmission in IoT over NTN.
For LTE NB-IoT/eMTC, the traffic with low data rate could be small size packet, periodic or bursty. If UE need to do time/frequency synchronization with GNSS processing each time after wake-up, power consumption might be not small, which should be studied. If GNSS measurement is always active in IoT UE, then additional power consumption should be counted, which is also related to what GNSS measurement(s) are available and the accuracy level of the GNSS measurement(s). Another candidate way is GNSS should not be always active from power consumption PoV, then power consumption from GNSS cold starting should also be counted.
In LTE NB-IoT/eMTC, gap will be configurd for UL transmission, where UE may do time/frequency synchronization if needed. In this case, if based on GNSS, there could be two options: 1) GNSS processing to replace legacy time/frequency synchronization processing or 2) GNSS processing + LTE time/frequency synchronization processing if GNSS accuracy is not high enough. 
One more items to consider is the GNSS processing time. A longer processing time will result a higher power consumption. Actually, according to assumption in SI, there is time limitation, i.e. only time without UL transmission and DL reception from LTE network can be used for GNSS measurement. But a shorter reserved time for GNSS measurement may be not acceptable to complete the measurement or will result a higher requrirement on LTE NB-IoT/eMTC cost/complexity and power consumption. 
Proposal 7: power consumption should be studied for time/frequency sync in IoT over NTN when UE wake up and sync in UL gap, expecially with GNSS cold starting.
Timing relationship
In NR over NTN, it has been agreed to introduce K_offset for UL transmission and CSI reference resource timing, which is related to propagation delay. In LTE IoT, although scheduling delay is defined, but it is for relaxation of UE processing. In IoT over NTN, the scheduling delay extension should be considered to cover both UE processing relaxation and propagation delay, i.e. NR over NTN like solution could be considered as baseline.
Proposal 8: baseline for timing releationship for IoT over NTN is to reuse NR over NTN solution and introduce K_offset for UL transmission and CSI reference resource timing.
Repetition 
For high speed moving satellite, especially LEO scenario, accuracy of channel estimation and reception performance could be impacted. In this case, more repetiton may be needed to guarantee the coverge of the NB-IoT/eMTC. It should be studied how much the impact is for different scenario and UE category and how many repetition should be increased.
Proposal 9: it should be studied how much the high speed moving satellite will impact on the repetition for different scenario and UE category and how many repetition should be increased.
LTE NB-IoT transmission time will be decided as repetition time * number of RU * number of slot in RU. When considering largest repetition time, number of RU, number of slot in RU defined in LTE, the maximum transmission time could be 0.5 ms * 128 * 10 * 16 = 10240 ms for 15kHz SCS or 2 ms * 128 * 10 * 16 = 40960 ms for 3.75kHz SCS. This time length could be larger than the time before UE need to handover or perform a cell reseletion with high speed satellite, resulting that UE can not complete the repetition before change of cell. Repetition continuation should be considered and it should be guaranteed that the repetition from coverage of two cells should be able to be combined.
Proposal 10: repetition continuation should be studied and repetition from coverage of two cells should be able to be combined, especially for LEO with high speed satellite movement.
HARQ
In NTN, the HARQ issue is mainly because the HARQ stalling when not able to confirm whether the transmission are correct or incorrect. The larger the ratio of time for HARQ stalling over time for transmission will result larger impact on UE throughput. In LTE NB-IoT/eMTC scenario, it will be with some difference. Payload for IoT UE is small and repetition are utilized to guarantee the coverage. The duration time for transmission of one packet could be large according to the repetition number. This will reduce the ratio of tiem for HARQ stalling over time for transmission and mitigate the impact of the HARQ stalling.
Observation 3: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
The mitigation might work for some cases, e.g. with requirement for low data rate. It should be studied whether it can be acceptable for all IoT cases with all candidate data rate in different satellite orbit scenario, as it still may cause HARQ stalling if RTT is too large. If not, then enhancement on HARQ in IoT over NTN should be considered, together with RAN2 as discussed in [5].
Proposal 11: it should be studied whether mitigation from repetition can be acceptable for all IoT over NTN cases. If not, enhancement for HARQ in IoT over NTN should be considered.
Barring
Similar as NR over NTN, barring of NB-IoT/eMTC should be considered, considering different IoT UE category and capability and different GNSS capability. How to bar the NB-IoT and eMTC, e.g. based from NPBCH/SIB1-BR, SIB1, etc, should also be considered separately.
[bookmark: OLE_LINK2]Proposal 12: how to bar NB-IoT/eMTC in NTN scenario should be studied in RAN1, separately for NB-IoT/eMTC.
Conclusion
In this contribution, we discussed necessary changes to support NB-IoT/eMTC over satellite, with observations and proposals as following:
Observation 1: the maximum doppler shift supported by current LTE NB-IoT/eMTC design is much lower than expected doppler shift in NTN scenario.
Observation 2: it is not clear for power consumption and accuracy for NB-IoT/eMTC UE with GNSS processing.
Observation 3: repetition for IoT UE will mitigate the impact of HARQ stalling because of long propagation delay in NTN scenario.
Proposal 1: it should be considered how to guarantee NB-IoT and eMTC with repetition to support high doppler in NTN scenario.
Proposal 2: it should be considered whether and how NPBCH/NPSS/NSSS/NRS/RSS need to be changed to acquire accurate T/F synchronization and cell ID, together with GNSS capability.
Proposal 3: To support high speed satellite scenario, if UE auto-compensation for frequency doppler shift is considered as in NR over NTN, the increased power consumption/complexity should also be considered.
Proposal 4: it should be studied
· Whether all LTE NB-IoT/eMTC UE category should be supported in Rel 17 SI IoT over NTN.
· For each category to be supported, which type of GNSS capability and accuracy is acceptable from power consumptoin/cost/complexity PoV for IoT UE.
· Whether system assistance or more repetition for NPBCH/NPSS/NSSS/NRS/RSS is needed for time/frequency synchronization and how to process.
Proposal 5: In case GNSS accuracy is not accurate enough or not always available, UL random access procedure should also be studied, with baseline as NR over NTN solutions but power consumption and complexity/cost reduction should also be considered.
Proposal 6: TA value changing during the repetitions should be considered in UL transmission in IoT over NTN.
Proposal 7: power consumption should be studied for time/frequency sync in IoT over NTN when UE wake up and sync in UL gap, expecially with GNSS cold starting.
Proposal 8: baseline for timing releationship for IoT over NTN is to reuse NR over NTN solution and introduce K_offset for UL transmission and CSI reference resource timing.
Proposal 9: it should be studied how much the high speed moving satellite will impact on the repetition for different scenario and UE category and how many repetition should be increased.
Proposal 10: repetition continuation should be studied and repetition from coverage of two cells should be able to be combined, especially for LEO with high speed satellite movement.
Proposal 11: it should be studied whether mitigation from repetition can be acceptable for all IoT over NTN cases. If not, enhancement for HARQ in IoT over NTN should be considered.
[bookmark: _GoBack]Proposal 12: how to bar NB-IoT/eMTC in NTN scenario should be studied in RAN1, separately for NB-IoT/eMTC.
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