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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Based on IoT NTN WID[1], the synchronization of time and frequency is essential issue for study. 
[bookmark: _Hlk53737713]As the common sense, 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. Moreover, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. That will put some restrictions for UE implementation.
[bookmark: _Hlk53741165]In this contribution, we will discuss on potential enhancements on timing and frequency synchronization for NB-IoT/eMTC over NTN.

Discussion 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Terrestrial IoT system is often working in low-speed, less time-sensitive and "drip-water" interactive services. As the satellites move with high speed, IoT NTN will experience fast varied channel latency, large Doppler shift, and high frequent cell handover. For NTN-IoT scenarios, in general at first we should identify key technical differences compared to terrestrial IoT, and try to reuse as much as possible the conclusions of NR NTN. Regarding the time and frequency synchronization aspect, the following technique points might be considered for NB-IoT/eMTC over NTN: 
· Initial DL synchronization
· UL synchronization
· Synchronization for UL repetition transmission

0. Initial downlink synchronization
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK12][bookmark: OLE_LINK13]In general, frequency errors are contributed by oscillator accuracy and Doppler shift. NB-IoT/eMTC UE may use cheap, low-precision oscillator to reduce costs, such as 10ppm/20ppm/30ppm of frequency tolerance. If carrier frequency is 2GHz and the oscillator error is 20ppm, then the frequency offset is 40KHz. For NB-IoT UE, there is an additional +/- 7.5KHz offset due to anchor carrier introduction. In terms of NTN specific scenarios, according to the parameters of NTN-IoT reference scenarios from R1-2008868[2] and TR38.821[3], as shown Table 1, maximum Doppler is 24ppm. When 2GHz is applied, the maximum Doppler shift is 48KHz. Overall, total frequency error would be close to 100KHz.
In terrestrial network, NB-IoT and eMTC define channel raster as 100 KHz as legacy LTE. If the frequency shift is more than 50KHz, UE will make the wrong raster judgment. In order to resolve this issue, there are two possible solutions, one is reducing total frequency error, and the second is increasing the raster size. 
[bookmark: _Ref60927107]Table 1: Parameters of NTN-IoT reference scenarios in 2GHz S-band
	Platforms
	Altitude(km)
	Typical beam footprint size(km)
	Max Doppler shift variation(ppm/s)
	Max Doppler shift variation(Hz/s)
	Max Doppler (ppm)
	Max Doppler(KHz)

	LEO
	600
	100 – 1000 
	0.27
	554
	24
	48

	
	1200
	100 – 1000 
	0.13
	260
	21
	42

	GEO
	35 786
	200 – 3500 
	0.000045
	0.09
	0.93
	1.86



For the reduction of frequency error, one direction is to improve the requirement of NTN-IoT, but it may cause higher IoT device cost. Another direction is to decrease the Doppler shift. In NTN-IoT case, the satellite payload is assumed to be transparent. We can enforce the Doppler shift experienced on the feeder links is perfectly compensated by the NTN GW, and one common Doppler shift of service link will be also compensated. So the maximum residual Doppler shift is associated with the frequency offset between the reference point and beam edge.   


[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK34]Figure 1 Doppler shift and compensation

Observation 1: UE may have the maximum initial frequency error more than 50KHz contributed by oscillator, Doppler shift and anchor carrier offset in S band.
Proposal 1: Study the impact to channel raster configuration due to higher frequency error in IoT NTN.  
 
0. UL synchronization
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Time and frequency compensation 
For IoT NTN scenario, GNSS capability is taken as a working assumption 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. Similar mechanism can be reused from NR NTN.
For timing synchronization, a reference point is needed to configure. Consequently base station is responsible to common timing compensation, and UE is responsible for timing compensation of service link. Based on ephemeris and UE location information, technical implementation for UE side is feasible.
For frequency synchronization, common frequency offset can be compensated by the base station. Base station will conduct the pre-compensation and post-compensation with the configuration of reference point on beam center. UE will be responsible for residual frequency offset.  

Different from NR device, power assumption of IoT device may be sensitive. For timing and frequency compensation, the calculation complexity should be evaluated carefully. Related computation parts may include UE position acquisition, satellite position acquisition and compensation value calculation. And another aspect is synchronization accuracy. If strict synchronization accuracy is required, it will bring big pressure to IoT UE. Actually RRC-IDLE state and RRC connected state might have different implementations by taking into the complexity and power assumption.

Proposal 2: Reuse timing and frequency compensation mechanism of NR NTN to IoT NTN by taking into account UE power assumption.  
Proposal 3: Defining specific requirement on synchronization accuracy for IoT NTN is needed.	
In Legacy NB-IoT system, UL single tone based transmission mechanism is applied, and then it is possible to generate inter-subcarrier interference in NTN scenario if UL frequency error is large. Actually it could happen in all UL signal transmission, e.g NPRACH or NPUSCH. If assigning consecutive subcarriers to different users, when residual frequency error is large, performance degradation is unavoidable. In this case, one simple method is to make resource isolation for different users in resoure assignment. Further study on resource isolation is needed to ensure robust UL transmission. 
Proposal 4: Study resource isolation mechanism for different users in UL signal transmission to guarantee UL transmission performance of NTN NB-IoT.

Preamble format
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]The CP length of preamble format dominates tolerable TA error range. NB-IoT UE supports three CP lengths, 66.7us, 266.7us and 800us, as shown in Table 2. eMTC UE supports four preamble formats as shown in Table 3, for format0\1\2\3，in which the shortest CP is 103.1 us. When CP is equal to 66us, tolerable timing estimation error is with the range of +/-16.5us, one fourth of CP length, and satellite position accuracy is +/-4.95km. These accuracy requirements can be achievable if ephemeris and UE location assistant information are sufficiently accurate. For Preamble format 4 of eMTC, which is only suitable for UpPTS on special subframe of frame-type2(TDD), herein CP=448Ts, about 14.6us, which requires higher satellite position accuracy, hence, further research is needed to determine whether to support format 4 in the initial access stage. Except for format 4, current preamble format on NB-IoT/eMTC can be reused and needn’t be enhanced.
[bookmark: _Ref60958975]Table 2: Preamble format of NB-IoT in frame structure type1(FDD)
	Preamble format
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	0
	4
	4
	5
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	1
	4
	4
	5
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	2
	6
	6
	3
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[bookmark: _Ref60982685]Table 3: Preamble format of eMTC 
	Preamble format
	

	


	0
	

	


	1
	

	


	2
	

	


	3
	

	


	4 (see Note)
	

	


	

NOTE:	Frame structure type 2 and special subframe configurations with UpPTS lengths and only assuming that the number of additional SC-FDMA symbols in UpPTS X in Table 4.2-1 of TS36.211 is 0.



Observation 2: Except for format 4, preamble format needn’t be enhanced for GNSS-capable UE.   
Proposal 5: RAN1 needs to study if Preamble format 4 is supported for eMTC NTN due to higher timing accuracy requirement.   

0. Synchronization for UL repetition transmission 


For NB-IoT, resource unit is used to describe the mapping of the NPUSCH to resource elements, which is determined by the NPUSCH format and sub-carrier interval. The number of scheduled RUs can be configured as one of {1,2,3,4,5,6,8,10}. On top of RU allocation, the maximum number of NPUSCH repetitions is 128. After transmitting NPUSCH with time units, for frame structure type 1, a gap of  time units shall be inserted, and next NPUSCH transmission is postponed. The parameters of NPUSCH format for frame structures 1 are listed in Table 4. For example, if scheduled RU number is configured as 10, transmission time for once is 320ms for single tone, which may cause timing error within one transmission duration exceeding the tolerance of CP. If the maximum transmission times 128 are used, the total transmission time will reach to 47.36 seconds for format 1 and 3.75KHz SCS. According to the satellite orbit modeling, 47.36s will bring the distance variation up to 300 km between the satellite and UE, corresponding to the delay error about 1ms. The accumulated UL timing error exceeds the tolerance of TA maintenance if base station receive timing is fixed. Due to signal timing change, it is problematic to do I/Q data combination processing for received repetition signals.  

[bookmark: _Ref61219179]Table 4: NPUSCH format on frame structure type1(FDD)
	NPUSCH format
	Subcarrier spacing(KHz)
	The number of subcarrier
	Duration time for RU(ms) 
	Total transmission time(ms)

	1
	3.75
	1
	32
	47,360

	
	15
	1
	8
	11,840

	
	
	3
	4
	5,920

	
	
	6
	2
	2.960

	
	
	12
	1
	1,480

	2
	3.75
	1
	8
	11,840

	
	15
	1
	2
	2,960



Observation 3: The accumulated timing error produced within a single transmission duration with multiple times repetition may exceed the tolerance of CP for NB-IoT and eMTC.
Due to larger timing variation, per slot timing adjustment is needed, but it may not be practical for NTN-IoT UE because of low energy requirement. Then how to achieve the repetition gain in view of timing change in different slots should be studied. 



Similar phenomenon exists in PRACH transmission. A preamble symbol group is illustrated in Figure 3, consisting of a cyclic prefix of length  and a sequence of  identical symbols with total length. The total number of symbol groups in a preamble repetition unit is denoted by . The number of time-contiguous symbol groups is given by . The parameter values of preamble format for frame structures 1 are listed in Table 2.



[bookmark: _Ref61218404]Figure 2 random access symbol group


The maximum number of NPRACH repetitions is 128. For frame structure type1, after transmissions of  time units for preamble formats 0 and 1, or  time units for preamble format 2, a gap of  time units shall be inserted. For example, the maximum transmission time for format1 is 1600/1000*4*128+40*2=900ms.
Larger PRACH repetition will lead to two questions: 
· Whether to apply same TA value in different preamble symbols for the UE?
· How to combine different preamble signal if experienced TA is different for base station under very low SINR?
So it is necessary to further study the problems caused by repetition transmission on UL timing synchronization.
Actually same issue will happen in the frequency. If UL frequency offset estimation is performed only at the first time for preamble and UL data transmission on repetition transmissions, UE power consumed on UL frequency estimation will be saved. However, repetition transmission will cause accumulated frequency offset, similar with UL timing error accumulation. In fact, the Doppler frequency shift is different on each subframe in the uplink. Ideally, UE should compensate per subframe basis. But it is not practical that NTN-IoT UE calculate UL timing advance and Doppler frequency shift at every subframe because of power consumption limitation. So it is recommended to further study the impacts of repetition transmission on UL timing and frequency synchronization.

Proposal 6: Further study the timing and synchronization issue in UL repetition transmission.  

Conclusion
In the previous sections, we analyzed potential issues of UL timing and frequency synchronization impact due to longer propogation delay and satellite moving in NTN-IoT. We have some following observations and proposals for enhancement on timging and frequency synchronization in NTN-IoT: 
Observation 1: UE may have the maximum initial frequency error more than 50KHz contributed by oscillator, Doppler shift and anchor carrier offset in S band.
Observation 2: Except for format 4, preamble format needn’t be enhanced for GNSS-capable UE.  
Observation 3: The accumulated timing error produced within a single transmission duration with multiple times repetition may exceed the tolerance of CP for NB-IoT and eMTC.

Proposal 1: Study the impact to channel raster configuration due to higher frequency error in IoT NTN.  
Proposal 2: Reuse timing and frequency compensation mechanism of NR NTN to IoT NTN by taking into account UE power assumption.  
Proposal 3: Defining specific requirement on synchronization accuracy for IoT NTN is needed.	
Proposal 4: Study resource isolation mechanism for different users in UL signal transmission to guarantee UL transmission performance of NB-IoT NTN.
Proposal 5: RAN1 needs to study if Preamble format 4 is supported for eMTC NTN due to higher timing accuracy requirement.    
Proposal 6: Further study the timing and synchronization issue in UL repetition transmission.
[bookmark: _GoBack]
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