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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.


This paper will discuss requirement on time/frequency synchronization for IoT UE over NTN scenarios. Design for LTE NB-IoT/eMTC and NR over NTN will be considered and resued as much as possible, to save standardization effort. Special issues for IoT UE time/frequency synchronization in NTN scenario are discussed, for which we provide our observations/proposals.
Discussion
DL synchronization 
DL synchronization is important for DL reception in initial access and in RRC CONNECTED mode. In TR for NR NTN [2], it has evaluated and provided that “robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift”. As there are design difference between NR SSB and LTE NB IoT NPBCH/NPSS/NSSS, and also different UE/scenario, e.g. reduced number of antenna and large MCL for IoT UE, performance of DL synchronization should also be evaluated for NB-IoT NPBCH/NPSS/NSSS in NB-IoT over NTN scenarios. For eMTC, similarly, there are also different design and scenarios comparing with NR, so evaluation of LTE PBCH/PSS/SSS for DL synchronization in these scenarios should also be conducted.
Proposal 1: DL synchronization performance based on LTE NPBCH/NPSS/NSSS and LTE PBCH/PSS/SSS in NTN scenario should also be evaluated, like for SSB in Rel-15.
UL Sync in initial access 
In [1], it has been assumed that both NB-IoT and eMTC UE in IoT scenario have GNSS capability. In NR NTN, it is assumed the GNSS together with other information will be used for UL synchronization. Similarly, in initial access, IoT UE need to calculate for time/frequency synchronization and do pre-compensation. 
In RAN1 102-e meeting, there is agreement for NR NTN as below: 
	Agreement: (RAN1 102-e)
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network


In RAN1 103-e meeting, there are also agreements for NR NTN
	Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link. 


In initial access, if GNSS based time synchronization is used by IoT UE, the GNSS-based time compensation must fulfil certain accuracy level in order to enable a correct decode of the random access preambles transmitted by the UE. Also considering the sources of GNSS inaccuracy as listed in [3], the cyclic prefix used for the random access preamble should at least cover the physical wave propagation delay as well the expected inaccuracy of the GNSS-based procedure. 
Observation 1: If GNSS based time synchronization is used for IoT over NTN, the entire cyclic prefix of the random access preamble should be able to cover multipath propagation delay as well as the inaccuracy imposed by the compensation algorithm based on the GNSS information.  
Proposal 2: If GNSS based time synchronization is used for IoT over NTN, the aggregate contribution of all sources of inaccuracy must not violate the limits imposed by the cyclic prefix of the random access preamble.  
The cyclic prefix of the RA preamble depends on the choice of the preamble format and are described in as described in 36.211 for both NB-IoT and eMTC.  
Proposal 3: The GNSS-assisted pre-compensation solution used by the UE shall meet the demands of the preamble format chosen by the operator, i.e., UE must be prepared to fulfil all preamble format requirements.  
Comparing with normal UE, IoT UE should have reduced cost and reduced complexity. For IoT UE, GNSS module will increase cost and complexity, it should also be evaluated whether it is acceptable for IoT UE to add the GNSS module. Single antenna receiver is typical for NB-IoT UEs. This will reduce receiving gain and accuracy for both DL reception and GNSS acquisition. Additionally, considering requirement on reduced power consumption, how to guarantee both availability of GNSS accuracy and long battery life should be evaluated. 
Except all the above, there are also special deployment of IoT UE, e.g. indoor or vegetation area with large coupling loss, which may be not covered by GNSS satellite. How to guarantee these UE can also be served by NTN should also be studied.
Proposal 4: link budget of GNSS and IoT in NTN should be evaluated.
Proposal 5: it should be evaluated whether GNSS based time frequency synchronization could be accurate for following IoT cases
· With reduced number of receiver antenna
· With reduced power consumption
· Not covered by GNSS 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. While if we use S-band, e.g. 2GHz, then the maximum doppler shift for GEO, LEO600 and LEO1200 will be smaller as 1860Hz, 42kHz and 48kHz, but still larger than the one supported by eMTC.
Observation 2: the maximum doppler shift supported by current LTE NB-IoT/eMTC design is much lower than expected doppler shift in NTN scenario.
In [1], it is assumed with GNSS capability, IoT UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. There are UE pre-compensation and Node B pre-compensation. To reduce UE complexity, eNB pre-compensate for frequency shift is preferred, with less requirement on UE to pre-compensate, e.g. eNB to precompensate doppler shift as integer times of SCS per cell or even per beam while UE to pre-compensate for remaining doppler shift less than ±0.5 SCS.
Proposal 6: how to compensate large doppler shift for IoT UE should be studied, where simplification of IoT UE processing could be considered.
For timing synchronization, similar as NR NTN discussed in [3], there are at least two options to be considered, i.e. :
· Reference point at the satellite
· Reference point at the eNB
Where UL and DL are time aligned at reference point.
As discussed in [3], both position-based solution and timing-based solution in therse two options will have pros and cons. RAN1 should select one alternative as working assumption, while IoT over NTN should use that as baseline, to guarantee both reasonable performance and reasonable standard effort. 
In [1], it has selected transparent payload case as assumed scenario. With above options for reference point, it should be considered whether there is request for UE or eNB to know the timing advance for feeder link part. One way is eNB to pre-compensate for feeder link part while UE to pre-compensate for service link part if reference point is at the satellite. The other way is UE to pre-compensate for both feeder link and service link, based on position-based solution or timing based solution, with configuaration from eNB. The former one will request different eNB compensation for satellite and causing complicate future design when signal is relayed to each through satellite hop(s). While the latter one will request eNB to broadcast more information related to feeder link part for position based solution but the transmit and reception time should be sufficient to find the elapsed time for frame.
Proposal 7: RAN1 and RAN4 should select one alternative of reference point to be working assumption and it is preferred that the selection should be also base line for IoT NTN scenario.
For power saving, IoT UE will go to sleep and only turn to be active when there is data transmission, periodic or bursty. UE need to guarantee time/frequency synchronization with GNSS processing each time after wake-up, power consumption might be not small. 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 e.g. GNSS cold starting or warm start, should also be counted. 
Proposal 8: 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 or warm starting. 
For UL synchronization, GNSS capability could 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], the corresponding 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 9: In case GNSS accuracy is not accurate enough or not always available, UL random access procedure should be studied, with baseline as NR over NTN solutions but power consumption and complexity/cost reduction should also be considered.
GNSS accuracy/fault
As discussed above, for IoT UE, GNSS with reduced number of receiver antenna may have reduced coverage, especially for cases with additional penetration loss, e.g. for indoor UE or vegetation UEs. In these cases, GNSS based solution may not work. 
Proposal 10: it should be evaluated whether GNSS based time frequency synchronization could be accurate for IoT cases.
Even where GNSS is covered, whether the decided accuracy can guarantee similar time/frequency synchronization as in TN scenario should be studied for reduced antenna number. 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, and the impact of them. Additionally, it is decided GNSS and NTN NB-IoT/eMTC operation can not be simultaneous. Considering all these issue on GNSS accuracy and GNSS fault, it is sugguested second synchronization solution should be studied, not based on GNSS or with less dependence on GNSS.
Proposal 11: Considering all issues on GNSS accuracy and GNSS fault for IoT UE with reduced antenna number, second synchronization solution should be studied, not based on GNSS or with less dependence on GNSS.
 UL Sync in RRC CONNECTED mode
Half-Duplex
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.”
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. It should also studied whether IoT UE can have enough time to acquire accurate time/frequency synchronization with half duplex. 
Proposal 12: Half duplex for UL, DL and GNSS reception should be studied considering GNSS accuracy and UE capability.
Power consumption
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 buildings, Ionospheric and Tropospheric Delays, delay of GNSS information processing, etc. Different GNSS capability/accuracy will require different cost/power. This may impact the different LTE NB-IoT/eMTC UE categories in different ways. One question is do we want to support all LTE NB-IoT/eMTC UE category, as we discussed in company contribution [4]. 
Observation 3: The power consumption and impact on timing and frequency accuracy for NB-IoT/eMTC UE with GNSS processing is unclear.
Proposal 13: in CONNECTED mode, power consumption and accuracy for NB-IoT/eMTC UE with GNSS processing should be studied.
Time drifting in LEO scenario
TS 36.133 contains the timing requirements for UEs: “ The UE initial transmission timing error shall be less than or equal to ±Te.“. The possible values of Te can be found in 36.133 section 7.1.2 and are in the range of Te = ±80Ts = ± 2.6 μs for NB-IoT,  ± Te = ±24Ts = ± 0.78 μs for eMTC. The timing is relative to the downlink reception. The challenge is however that the satellite that provides the downlink signals moves. This is shown in Figure 1 and works as follows:
· The gNb transmit the downlink frame at a certain point in time. The delays of the feeder and service link are at that point in time are d and c respectively
· This downlink frame arrives at the UE after d+c+u1, where u1 is the change due to movement of the satellite.
· The UE may not respond immediately but first after a scheduling s. At that point the time is d+c+s+u1+u2, where u2 is due to the satellite movement during scheduling delay s. 
[image: ] 
Figure 1 Satellite movement and timing

The value of u1 depends on RTT/2, while the value of u2 depends on scheduling delay s. Some example values for u1+u2, which represent the drift due to satellite movement can be seen in Table 1 for different values of the scheduling delay s. It can be seen that it is not always possible to fulfill the requirement with the value of Te and that the signal may even drift more than the duration of the cyclic prefix. There are two possibilities to avoid this from happening:
· The network sends timing adjustement commands at a rate that the signals stay within the cyclic prefix.
· The UE auto adjusts the timing based on the satellite ephemeris data, which includes speed and direction.

The first approach increases the number of TA messages, which may be undesirable from network capacity point of view, whereas if the second method is used, tight requirements need to be set such the network understands the timing of the UE. That is, at which time and by which amount the UE will auto-adjust its transmit timing. One critical element of the UE autonomously adjusting or adapting its transmit timing is that the gNB may potentially not be aware of such adjustments, and any TA command to the UE may be based on an UL signal that is no longer applicable. Hence, it is needed that the gNB is in control of the UE mechanism for the timing advance updates.

Proposal 14: Network should be in control of the timing advance updates applied at the UE.
Proposal 15: If UE is performing autonomous update of timing advance during RRC_CONNECTED mode, the network should know the details of such adjustments in advance.
Table 1 example values for u1 and u2 for different scheduling delays s for LEO at 600 km (worst case).
	RTT(ms)
	S (ms)
	u1 (μs)
	u2 (μs)
	u1+u2 (μs)

	28.4
	1
	0,355
	0,025
	0,38

	28.4
	5
	0,355
	0,126
	0,48

	28.4
	10
	0,355
	0,25
	0,61

	28.4
	100
	0,355
	2,5
	2,86

	28.4
	200
	0,355
	5,0
	5,36



As can be seen from Table 1 the potential drift of the UE required time offset may be substantial, and RAN1 need to define the method for updating the timing advance or time offset to be used by the UE to compensate for the time drift. When using the GNSS based solution where the geo-location of the satellite and the UE is used, the UE would need to extrapolate the time drift observed based on both UE motion and the projected satellite motion. When using the referenceTimeInfo-R16 based approach , the UE would in a similar way need to be able to compensate for any potential time drift due to the satellite movement. When using the reference point at the gNB instead of the satellite for the referenceTimeInfo-R16 based approach, the reference signals will not change due to the satellite movement. 
Observation 4: Using referenceTimeInfo-R16 and UE based understanding of GNSS time will suffer less from the satellite movement in terms of timing advance as the reference point is at a static location (the gNB).
Proposal 16: Self adjustement by the UE based on GNSS time and the time provided by referenceTimeInfo-R16 is a feasible solution and should be standardized as well.
Sync in repetitions
In LTE NB-IoT/eMTC, it is not allowed to update TA in duration of repetitions according to TS 36.133 v16.6.0:7.20 UE transmit timing for NB-IoT
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.

7.24 UE transmit timing for Category M1
When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.

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 configured by Node B for UL transmission, to guarantee UL transmissions from different UEs are time-aligned at reference point and no interference caused by non-synchronizaiton in UL.
Proposal 17: TA value changing during the repetitions should be configured by Node B for UL transmission in IoT over NTN.
Conclusion
In this contribution, we discussed time and frequency synchronization for NB-IoT/eMTC over NTN, our observations and proposals are presented as following:
Observation 1: If GNSS based time synchronization is used for IoT over NTN, the entire cyclic prefix of the random access preamble should be able to cover multipath propagation delay as well as the inaccuracy imposed by the compensation algorithm based on the GNSS information.  
Observation 2: the maximum doppler shift supported by current LTE NB-IoT/eMTC design is much lower than expected doppler shift in NTN scenario.
Observation 3: The power consumption and impact on timing and frequency accuracy for NB-IoT/eMTC UE with GNSS processing is unclear.
Observation 4: Using referenceTimeInfo-R16 and UE based understanding of GNSS time will suffer less from the satellite movement in terms of timing advance as the reference point is at a static location (the gNB).

Proposal 1: DL synchronization performance based on LTE NPBCH/NPSS/NSSS and LTE PBCH/PSS/SSS in NTN scenario should also be evaluated, like for SSB in Rel-15.
Proposal 2: If GNSS based time synchronization is used for IoT over NTN, the aggregate contribution of all sources of inaccuracy must not violate the limits imposed by the cyclic prefix of the random access preamble.  
Proposal 3: The GNSS-assisted pre-compensation solution used by the UE shall meet the demands of the preamble format chosen by the operator, i.e., UE must be prepared to fulfil all preamble format requirements.  
Proposal 4: link budget of GNSS and IoT in NTN should be evaluated.
Proposal 5: it should be evaluated whether GNSS based time frequency synchronization could be accurate for following IoT cases
· With reduced number of receiver antenna
· With reduced power consumption
· Not covered by GNSS satellite
Proposal 6: how to compensate large doppler shift for IoT UE should be studied, where simplification of IoT UE processing could be considered.
Proposal 7: RAN1 and RAN4 should select one alternative of reference point to be working assumption and it is preferred that the selection should be also base line for IoT NTN scenario.
Proposal 8: 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 or warm starting. 
Proposal 9: In case GNSS accuracy is not accurate enough or not always available, UL random access procedure should be studied, with baseline as NR over NTN solutions but power consumption and complexity/cost reduction should also be considered.
Proposal 10: it should be evaluated whether GNSS based time frequency synchronization could be accurate for IoT cases.
Proposal 11: Considering all issues on GNSS accuracy and GNSS fault for IoT UE with reduced antenna number, second synchronization solution should be studied, not based on GNSS or with less dependence on GNSS.
Proposal 12: Half duplex for UL, DL and GNSS reception should be studied considering GNSS accuracy and UE capability.
Proposal 13: in CONNECTED mode, power consumption and accuracy for NB-IoT/eMTC UE with GNSS processing should be studied.
Proposal 14: Network should be in control of the timing advance updates applied at the UE.
Proposal 15: If UE is performing autonomous update of timing advance during RRC_CONNECTED mode, the network should know the details of such adjustments in advance.
Proposal 16: Self adjustement by the UE based on GNSS time and the time provided by referenceTimeInfo-R16 is a feasible solution and should be standardized as well.
Proposal 17: TA value changing during the repetitions should be configured by Node B for UL transmission in IoT over NTN.
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