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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#104be meeting, regarding time and frequency synchronization, a few agreements were concluded as follows[1]:
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A


Agreement:
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

[bookmark: _Hlk53737713]As the common sense, GNSS capability in the UE is taken as a working assumption in this study item 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 impose some restrictions for UE implementation.
[bookmark: _Hlk53741165]In this contribution, we will discuss potential enhancements on timing and frequency synchronization for NB-IoT/eMTC over NTN.

Discussion 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Terrestrial IoT system often works 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 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 and TR38.821, 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 total frequency error, one direction is to extend the requirement of the oscillator error, but it may cause higher cost of IoT device. Another direction is to reduce the residual 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. 
Nevertheless, if the residual Doppler shift is still large, increasing the raster size would be one fall-back solution. In the initial access, in order to help UE to acquire frequency center point and avoid mis-judgement, increasing the raster size is necessary, which can improve the tolerance capability to frequency error.


[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: Increasing channel raster in IoT NTN is necessary.  
 
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 as NR NTN is required, it will bring big pressure to IoT UE. For example, for IoT UE, finer synchronization is only required in the data transmission duration, so in RRC-IDLE mode, synchronization requirement can be relaxed.

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, single tone based UL 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 apply resource isolation for different users in resoure assignment. Further study on resource isolation is needed to ensure robust UL transmission. 
Proposal 4: Consider resource isolation for different users in UL signal transmission to guarantee UL transmission performance of NTN NB-IoT.

0. Synchronization for UL repetition transmission 
For UL long repetition transmission, RAN1#104b-e meeting has made the following agreements:
UE pre-compensation done per N time units for long PUSCH/PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units
· FFS: the definition and value of N
The exact value of N is up to requirement of timing error.TS 36.133 specified the timing requirements for UEs: “The UE initial transmission timing error shall be less than or equal to Te.” The possible values of Te are 80Ts for NB-IoT, and 24Ts/48Ts for eMTC. The timing is relative to the downlink reception. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, SPUCCH, PUSCH of subframe, slot or sub-slot duration and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission. The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4TS for eMTC and ±13.55TS for NB-IoT to the signaled timing advance value compared to the timing of preceding uplink transmission. 
The different values of N cause the different timing drift, as shown in Table 2. We think that the value N should be controlled by network and the maximum interval which is tolerable for UE without timing adjustment. According to the timing requirements of TS36.133, we propose that the value of N is 4ms for eMTC and the value of N is 16ms for NB-IoT. For example, if N is 16ms, UE may adjust timing in any interval of less than 16ms, every slot or every 4ms or every 8ms, etc, which depend on the UE implementation.
Table 2: the impact of N value on timing accuracy
	N: transmission interval (ms)
	2.00
	4.00
	8.00
	16.00

	timing drift(us)
	0.05067
	0.1013
	0.20267
	0.4053

	timing drift(Ts)
	1
	3
	6
	12



Proposal 5: For UE pre-compensation per N time units for long PUSCH/PRACH, the value of N can be 4ms for eMTC and the value of N for NB-IoT can be 16ms. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK27]For long PRACH/PUSCH transmission, the transmission is one by one contiguous transmission. Applying different TA may cause signal overlapping between previous slot and next slot. Hence, different solution should be considered to resolve this issue. PRACH in the eMTC applies ZC sequence and ZC sequence has good correlation, so the signal overlapping may not be one big issue. But NPRACH in the NB-IoT doesn’t use ZC sequence, so the impact of overlapping on (N)PRACH and (N)PUSCH should be evaluated further by simulation, which is relate to the timing error. One simple method is to drop a few of tail samples of last symbol of one PUSCH slot. Then the next PUSCH slot can be advanced with a few of samples. If TA is growing smaller, a gap is inserted to delay (N)PRACH or (N)PUSCH transmission.

Proposal 6: Consider dropping tail samples of a slot or inserting a gap before signal transmission for TA variation during long (N)PUSCH and (N)PRACH repetition transmission. 

0. Timing adjustment for HD-FDD 


In HD-FDD, after transmitting (N)PRACH or (N)PUSCH with time units, for frame structure type 1, a gap of time units shall be inserted for DL synchronization. During a period of GAP, the transmission of (N)PUSCH or (N)PRACH is suspended and delayed until the end of the gap. Due to long delay, the UE has to perform the timing advance with UE specific TA in PUSCH/PRACH transmission. The transmission of (N)PUSCH/(N)PRACH signal after GAP also needs to shift the timing of UE_specific TA. If the UE_specific TA of (N)PUSCH/(N)PRACH signal after GAP is different from that of (N)PUSCH/(N)PRACH signal before GAP, which may cause collision of GAP and (N)PUSCH/(N)PRACH signal after GAP. Then it is necessary to consider the changing caused by the UE_specific TA adjustment between GAP and the next signal transmission on UE side. 
There are two possible options to help UE eliminate the collision.
Option 1: Add a small GP at the ending of GAP transmission to of UE in IoT NTN HD-FDD
The GP with uplink transmission can ensure that the next signal transmission after GAP can advance the timing of UE_specific TA and don’t collide with the receiving process of GAP, as shown in Figure 2.
Option2: Split the original GAP into two parts
The change between the UE_specific TA of (N)PUSCH/(N)PRACH signal after GAP and the UE_specific TA of (N)PUSCH/(N)PRACH signal before GAP is relatively small, and the length of GAP is 40ms. It’s feasible to take advantage of a small period of 40ms in GAP as reserved time for UE, in case of the collision problem mentioned above, as shown in Figure 3.


[bookmark: _Ref71437679]Figure 2 Illustration of (N)PUSCH/(N)PRACH GP after transmission GAP

[bookmark: _Ref71437708]
Figure 3 Illustration of (N)PUSCH/(N)PRACH reserved time in GAP
Observation 2: There may have collision of GAP and PUSCH/PRACH signal after GAP because of different UE_specific TA adopted.
Proposal 7: Add a small GP or take advantage of a small period of 40ms in GAP as reserved time should be considered to solve transmission collision.

Actually same issue will happen in the frequency domain, for example, the Doppler shift variation in LEO will reach 544Hz/s, which causes accumulated frequency shift for long repetition. However, compared to timing shift, frequency variation is quite small. Segment based frequency pre-compensation can be considered, but the interval of adjusting frequency compensation will be larger.

Proposal 8: Study suitable interval for frequency compensation updating during long (N)PRACH and (N)PUSCH repetition transmission. 

0. The impacts of GNSS on UE power consumption
GNSS measurement window 
In the IoT NTN SID, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. GNSS module always on is not necessary and power consumption is not tolerable, so GNSS and IoT should operate alternatively. GNSS measurement issue is related to the whole pre-compensation behavior, and even to the communication process of IoT module. In addition to paging, there is the issue of the GNSS measurement window needed in the case that the UE operates with a long eDRX cycle or PSM cycle depending on application scenarios.
A GNSS Time To First Fix (TTFF), an important parameter of GNSS receiver, typically take 1~2 seconds (hot fix if GNSS ephemeris known with last TTFF within 2 hours) or around 5~9 seconds (warm start if GNSS Almanac known with last TTFF over 2 hours), over 40 seconds at the cold start (no history information). For industrial tracker application, UE need report monitoring data periodically and UE sleeps at most of time. The UE triggers the GNSS measurement when it is waken up by T3412 timer expiration, and then enter IoT active state after GNSS measurement. Moreover, the GNSS measurement can also be performed during the inactive state of eDRX. GNSS TTFF will take a long time. Therefore, if the GNSS measurement is performed at RRC_CONNECTED state, the UE will have to interrupt data transmission and needs be resynchronized after the GNSS measurement. It is suggested that GNSS measurement should be conducted before DL synchronization for this case. In this sense, TAU3412 timer would be one trigger to launch the GNSS signal reception.


[bookmark: _Ref66179561][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 4 GNSS signal reception and IoT UE wakeup

Proposal 9: Study the mechanism to trigger GNSS measurement when UE initiates the wakeup from PSM state or inactive state of eDRX.
[bookmark: baidusnap1]
The impacts of GNSS on battery life
Based on last meeting discussion, we further analyzed battery life with and without GNSS of 37mw power and 5ms TTFF at different MCL and reporting period in the scenario of short, sporadic connection, as shown in Table 3.
[bookmark: _Ref71439251]Table 3 Battery life(year) with and without GNSS of 37mw@5ms TTFF
	Packet size,
 reporting interval
	MCL 144dBm
	MCL 154dBm
	MCL 164dBm

	
	No GNSS
	with GNSS
	reduction
	No GNSS
	with GNSS
	reduction
	No GNSS
	with GNSS
	reduction

	50bytes,2 hours
	18.7 
	10.2 
	45.8%
	10.1 
	6.9 
	31.2%
	2.3 
	2.1 
	9.3%

	200bytes,2 hours
	15.6 
	9.2 
	41.3%
	5.4 
	4.4 
	19.7%
	1.4 
	1.4 
	6.1%

	50bytes,24 hours
	35.0 
	31.0 
	11.6%
	30.9 
	27.7 
	10.4%
	16.5 
	15.6 
	5.8%

	200bytes,24 hours
	34.0 
	30.1 
	11.3%
	25.4 
	23.2 
	8.7%
	12.2 
	11.7 
	4.4%



[bookmark: OLE_LINK28][bookmark: OLE_LINK29]For short, sporadic connections, no SIB reading and no GNSS update in RRC_CONNECTED for NB-IoT/eMTC, which “implicitly limit” connection duration. For long connection, SIB reading and GNSS fixes should be applied. Consequently, the power assumption in long RRC connection needs to be evaluated. We propose the power assumption should be investigated further, including potentially SIB reading “sometimes” and repeated GNSS fixes in RRC_CONNECTED. Meanwhile, for power saving solution, it is also expected.
Proposal 10: Power consumption should be evaluated for long connection, including SIB reading and repeated GNSS fixes in RRC_CONNECTED.

0. PRACH congestion 
GNSS capability is taken as a working assumption in the SI on NB-IoT/eMTC support for NTN. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission based on GNSS position and SIBx carrying satellite ephemeris. After UE for NB-IoT/eMTC completes the DL synchronization, UE acquires PRACH resources by reading SIB2. Taking NB-IoT for example, NPRACH resources are configured for each NPRACH resource set (up to 3 NPRACH resource sets) to indicate NPRACH's time and frequency resources and repetitions. NPRACH resources in time domain are configured as follows:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]The periodicity of NPRACH resource (nprach-Periodicity)
· {40, 80, 160, 240, 320, 640, 1280, 2560}ms
· NPRACH starting time  (nprach-StartTime)
· {8, 16, 32, 64, 128, 256, 512, 1024}ms
· 
Number of starting sub-carriers allocated to UE initiated random access  (nprach-NumCBRA-StartSubcarriers)


NPRACH transmission can start only  time units after the start of a radio frame fulfilling.



Preamble id is corresponding to frequency location, moreover, the frequency location of the NPRACH transmission is constrained within  sub-carriers.The NPRACH starting subcarriers allocated to UE initiated random access are split in two sets of subcarriers,  and , where the second set, if present, indicate UE support for multi-tone msg3 transmission.
After reading SIB1 carrying the satellite ephemeris for UL pre-compensation, UE transmit the Preamble signal on the PRACH resource according to the coverage level. Because a large amount of UEs will read the SIB at same time and select one PRACH resource in same resource occasion, it probably causes PRACH congestion. It is recommended to enhance on selecting PRACH occasion.

 Figure 5 PRACH Occasion with SIBx carrying satellite ephemeris

Observation 3: A large amount of UEs are linked to same PRACH occasion after reading SIB1, which probably causes PRACH congestion.
Proposal 11: Need to enhance mapping mechanism of PRACH occasion in the initial access to avoid PRACH congestion.

Conclusion
In this contribution, 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 time 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: There may have collision of GAP and PUSCH/PRACH signal after GAP because of different UE_specific TA adopted.
Observation 3: A large amount of UEs are linked to same PRACH occasion after reading SIB1, which probably causes PRACH congestion. 
 
Proposal 1: Increasing channel raster in IoT NTN is necessary.  
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: Consider resource isolation for different users in UL signal transmission to guarantee UL transmission performance of NTN NB-IoT.
Proposal 5: For UE pre-compensation per N time units for long PUSCH/PRACH, the value of N can be 4ms for eMTC and the value of N for NB-IoT can be 16ms. 
Proposal 6: Consider dropping tail samples of a slot or inserting a gap before signal transmission for TA variation during long (N)PUSCH repetition transmission. 
Proposal 7: Add a small GP or take advantage of a small period of 40ms in GAP as reserved time should be considered to solve transmission collision.
Proposal 8: Study suitable interval for frequency compensation updating during long PRACH and (N)PUSCH repetition transmission.  
Proposal 9: Study the mechanism to trigger GNSS measurement when UE initiates the wakeup from PSM state or inactive state of eDRX. 
Proposal 10: Power consumption should be evaluated for long connection, including SIB reading and repeated GNSS fixes in RRC_CONNECTED. 
Proposal 11: [bookmark: _GoBack]Need to enhance mapping mechanism of PRACH occasion in the initial access to avoid PRACH congestion. 
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