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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study item phase has identified issues and made recommendations on time and frequency synchronization enhancements for NB-IoT/eMTC over NTN agreed in TR36.373 [1]. 
IoT NTN specific time and frequency synchronization enhancements are listed below:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segment
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects
-	DL synchronization enhancements: new channel raster, (part of) ARFCN-indication-in-MIB
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission
In this contribution, we summarize issues and discuss potential solutions for time and frequency synchronization enhancements for IoT NTN.

Discussion 
0. Long UL Transmission enhancements
Segmented UE pre-compensations 
Due to satellite’s high-speed moving, the Doppler shift drift rate can be about -600 Hz/s, and the delay drift rate can be ±20 us/s, which could result in loss of OFDM orthogonality with significantly impact on long (N)PUSCH demodulation performance. For long UL repetition transmission, segmented UE pre-compensation is needed and beneficial, which can improve the accuracy of timing and is a trade-off between accuracy of timing and calculation complexity. In order to balance between UE calculation complexity and the accuracy requirements of TA adjustment, the intervals of updating TA autonomously calculated by UE should be further studied on long repetition duration. UE segmented pre-compensation may cause new some issues, as following: 
-	Phase discontinuity at subframe boundary when applying new pre-compensation
-	Coherence time limitation due to delay/frequency drift rate during segment
-	Signal overlapping between different TA segments
UE may updates the timing and frequency pre-compensation of its PUSCH transmissions every ‘N’ ms, where ‘N’ is should be low enough to allow for the maximum rate of change of timing misalignment and should also be high enough to allow the eNB to perform cross-subframe channel estimation and / or symbol combining.
Proposal 1: Segment based compensation configuration should consider timing misalignment error, UE complexity and gNB receiver performance. 
Time units and duration of segments
For UL long repetition transmission, the SI stage for IoT NTN 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 maximum timing transmit error for NB-IoT is 80*Ts=2.6 us (for eMTC it is 24*Ts=0.78 us), which should contain the error caused by delay drift during transmission. With a 20 μs/s delay drift, this timing error threshold will be reached within about 130 ms for NB-IoT and about 39 ms for eMTC. This shows the difficulty in meeting existing timing error requirements for long uplink transmission unless frequent uplink pre-compensation is performed. 
The different values of N cause the different timing drift, as shown in Table 1 at the delay drift rate of ±20 us/s. We think that the value N should be controlled by network and the maximum interval which is tolerable for UE without timing adjustment. The following paragraphs analyze the value of N for NB-IoT and eMTC respectively.
[bookmark: _Ref78968808]Table 1 the impact of N value on timing accuracy
	N: transmission interval(ms)
	2
	4
	8
	16
	20
	32
	40
	130

	timing drift(us)
	0.04
	0.08
	0.16
	0.32
	0.4
	0.64
	0.8
	2.6

	timing drift(Ts)
	1
	2
	4
	9
	12
	19
	24
	79



NB-IoT introduced the concept of resource unit(RU) in the uplink, and RU is the smallest unit of resource scheduling in the uplink. The time duration of the RU is up to NPUSCH format, the subcarrier spacing, single tone or multi-tone, as shown in Table 2. NB-IoT support the two SCS of 3.75 kHz and 15 kHz in the uplink. The timing error can be within 20Ts during RU maximum duration of 32ms.We propose the maximum value of N is 32ms or 16slot at NPUSCH format1 of 3.75kHz SCS and single-tone, and the maximum value of N is 16ms or 32slot in other formats. The detail values of N are shown in in Table 2.Time units of N may be ms or slot for (N)PUSCH. 
[bookmark: _Ref78896705]Table 2 RU duration on NB-IoT
	NPUSCH format
	[image: ]
	
	
	RU duration(ms)
	N（ms）
	N（slot）

	1
	3.75 kHz
	1
	16
	32
	32
	16

	
	15 kHz
	1
	16
	8
	8、16
	16、32

	
	
	3
	8
	4
	4、8、16
	8、16、32

	
	
	6
	4
	2
	2、4、6、8、10、12、14、16
	4、8、12、16、20、24、28、32

	
	
	12
	2
	1
	1、2、3、4、5、6、7、8、9、10、11、12、13、14、15、16
	2、4、6、8、10
12、14、16、18、20、22、24、26、28、30、32

	2
	3.75 kHz
	1
	4
	8
	8、16
	4、8

	
	15 kHz
	1
	4
	2
	2、4、6、8、10、12、14、16
	4、8、12、16、20、24、28、32



NPRACH is based on 3.75kHz single-tone，The preamble consisting of 4 symbol groups transmitted without gaps shall be transmitted  times, and one random access symbol group  is consist of  one CP and five identical symbols. Three PRACH format are supported, corresponding to 3 CP lengths (66.7 us, 266.7 us and 800us) and three types preamble sequence of 5.6ms, 6.4ms and 19.2ms length. The value of N for NPRACH may be 5.6ms, 6.4ms and 19.2ms or 1.4ms, 1.6ms and 4.8ms. Time unit of N for NPRACH may be the symbol group or preamble sequence.
[bookmark: _Ref60958975]Table 3 Preamble format of NB-IoT in frame structure type1(FDD)
	Preamble format
	
P
	
	
	Duration of one repetition

	0
	4
	[image: ]
	[image: ]
	5.6ms

	1
	4
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	6.4ms

	2
	6
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	3
	19.2ms





Figure 1 segment pre-compensation on NPRACH
According to the timing requirements of TS36.133, we propose that the value of N is 4ms or 8ms for PUSCH of eMTC, and the value of N is 1ms, 2ms and 3ms corresponding to Format 0, Format1&2 and Format3 for PRACH of eMTC. 
[bookmark: _Ref60982685]Table 4: Preamble format of eMTC 
	Preamble format
	

	
	Guard Time(ms)
	Time Duration(ms)

	0
	
	
	0.097
	1

	1
	
	
	0.516
	2

	2
	
	
	0.197
	2

	3
	
	
	0.716
	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.




Proposal 2: Time unit of N can be ms or slot for (N)PUSCH and can be preamble symbol group for (N)PRACH. 
Proposal 3: The maximum value of N is 4ms or 8ms for PUSCH of eMTC, and the value of N is 1ms, 2ms and 3ms corresponding to Format 0, Format1&2 and Format3 for PRACH of eMTC.
Proposal 4: The maximum value of N is 32ms or 16slot at NPUSCH format1 of 3.75kHz SCS and single-tone, and the maximum value of N is 16ms in other formats. The value of N for NPRACH may be 5.6ms, 6.4ms and 19.2ms or 1.4ms, 1.6ms and 4.8ms.

New UL gaps 




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. After transmitting (N)PUSCH withtime units, for NB-IoT and eMTC, a gap of time units shall be inserted, and next NPUSCH transmission is postponed. since there is a UCG of 40 ms every 256 ms, which can also be used to update ephemeris.
For long (N)PRACH/(N)PUSCH transmission, the transmission is one by one contiguous transmission. Applying different TA may cause signal overlapping between previous segment and next segment. Hence, different solution should be considered to resolve this issue. PRACH in the eMTC applies ZC sequence and ZC sequence has good correlation property, 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 NPRACH and (N)PUSCH should be evaluated further by the simulation, which is relative to the timing error. One simple method is to drop a few of tail samples of last symbol of one PUSCH slot, which may cause a few loss of performance, or the last symbol isn’t used to transmit data, but for new UL GAP, if the next PUSCH slot can be advanced with a few of samples and overlapped with samples of preceding slot. Another method is to insert new small UL gaps to delay (N)PRACH or (N)PUSCH transmission for avoiding the effect of overlapping. The length of new UL gaps is relative to the segment interval. The new UL gaps may be inserted by GP duration for (N)PRACH. The new UL gaps will cause slot misalignment for (N)PUSCH, if the length of new UL gaps is not the integer of a slot. If enforcing slot alignment, the new UL gaps will cost too much time resource. For small TA change, TA can be updated with implementation way, instead one gap insertion. For larger TA variation, small gap configuration should be considered, for example, reserving last symbol for one slot for TA gap. 

Observation 1: The new UL gap for long UL transmission will cause slot misalignment for (N)PUSCH, if the length of new UL gap is not the integer of a slot. 
Proposal 5: [bookmark: _GoBack]For small TA variation, TA adjustment is implemented by dropping tail samples of a segment or delaying a few samples for UL transmission.
Proposal 6: For large TA variation, the gap can be configured with
· Last symbol of a slot can be reserved for (N)PUSCH’s gap
· Original GP is reused for (N)PRACH’s gap.

Validity timer for UL synchronization
Network broadcast a SIB containing satellite location information periodically. At least for short, sporadic connections, a SIB containing satellite location information is not read in connected mode. For each UE wakeup, acquiring SIB carrying the serving satellite ephemeris is needed. UE don't need validity timer for reading the SIB for short, sporadic connections, but UE may need validity timer for long connection state and for high-speed mobile terminals, e.g. goods tracking. An implicit way to limit connection length for eMTC/NB-IoT over NTN is via the definition of synchronization validity. We may define the notion of synchronization validity during which the ephemeris and/or GNSS information is (are) accurate. For long connection state, when validity timer for reading the SIB is out of date, UE will return to idle state to read SIB containing satellite location information from conncetion state. For high-speed mobile terminals, UE may need the validity timer for GNSS fix measure, which is relative to the speed of the terminals. This validity is based on timer(s) that are (re-)set autonomously by the UE after acquiring necessary location information. Such (re-)setting events may be indicated to the network to facilitate sefficient scheduling.
Observation 2: UE don't need validity timer for reading the SIB for short, sporadic connections, but validity timer may be useful for long connection state and for high-speed mobile terminals.

0. Downlink synchronization
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
[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 5 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 3: UE may have the maximum initial frequency error more than 50KHz contributed by oscillator, Doppler shift and anchor carrier offset in S band.
Proposal 7: Increasing channel raster in IoT NTN is supported.  
0. GNSS measurements
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 monitor application, UE need report monitoring data periodically and UE sleeps at most of time. For sporadic short transmission:
-	The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
-	Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]We propose one simple method for GNSS measure as following.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 2 GNSS signal reception and IoT UE wakeup

Proposal 8: The UE triggers the GNSS measurement when it is waken up due to T3412 timer expiration, and then enter IoT active state after GNSS measurement.
[bookmark: baidusnap1]
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: The new UL gap for long UL transmission will cause slot misalignment for (N)PUSCH, if the length of new UL gap is not the integer of a slot. 
Observation 2: UE don't need validity timer for reading the SIB for short, sporadic connections, but validity timer may be useful for long connection state and for high-speed mobile terminals.
Observation 3: 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: Segment based compensation configuration should consider timing misalignment error, UE complexity and gNB receiver performance. 
Proposal 2: Time unit of N can be ms or slot for (N)PUSCH and can be preamble symbol group for (N)PRACH. 
Proposal 3: The maximum value of N is 4ms or 8ms for PUSCH of eMTC, and the value of N is 1ms, 2ms and 3ms corresponding to Format 0, Format1&2 and Format3 for PRACH of eMTC.
Proposal 4: The maximum value of N is 32ms or 16slot at NPUSCH format1 of 3.75kHz SCS and single-tone, and the maximum value of N is 16ms in other formats. The value of N for NPRACH may be 5.6ms, 6.4ms and 19.2ms or 1.4ms, 1.6ms and 4.8ms. 
Proposal 5: For small TA variation, TA adjustment is implemented by dropping tail samples of a segment or delaying a few samples for UL transmission.
Proposal 6: For large TA variation, the gap can be configured with
· Last symbol of a slot can be reserved for (N)PUSCH’s gap
· Original GP is reused for (N)PRACH’s gap.
Proposal 7: Increasing channel raster in IoT NTN is supported.  
Proposal 8: The UE triggers the GNSS measurement when it is waken up due to T3412 timer expiration, and then enter IoT active state after GNSS measurement.

References
[1] [bookmark: _Ref66291123][bookmark: _Ref60959613][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TR36.373 V17.0.0, Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN)
[2] [bookmark: _Ref71610913]TS 36.133, Requirements for support of radio resource management, 3GPP, 17.1.0, Mar 2021.
[3] Chairman's Notes RAN1#105e.
[4] R1-2103964, Summary #4 of AI 8.15.2 	Enhancements to time and frequency synchronization, MODERATOR, MediaTek.
[5] [bookmark: _Ref53511479]3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation".
[6] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".
image2.wmf
RU

sc

N


oleObject1.bin

image3.wmf
UL

slots

N


oleObject2.bin

image4.wmf
s

2048

T


image5.wmf
s

8192

5

T

×


image6.wmf
s

8192

T


image7.wmf
s

8192

5

T

×


image8.wmf
s

24576

T


image9.emf
0

1

2

3

4

5

6

7

8

9

10

11

Subcarrier index

6 symplos per group

1.6ms

time

3.75KHz

TA1

、

fd1

TAn

、

fdn

TA2

、

fd2

Repetition transmission-1 Repetition transmission-2 Repetition transmission-N


oleObject3.bin
0


1


2


3


4


5


6


7


8


9


10


11


Subcarrier index


6 symplos per group


1.6ms


time


3.75KHz


TA1、fd1


TAn、fdn


TA2、fd2


Repetition transmission-1


Repetition transmission-2


Repetition transmission-N



image10.wmf
CP

T


oleObject4.bin

image11.wmf
SEQ

T


image12.wmf
s

3168

T

×


image13.wmf
s

24576

T

×


image14.wmf
s

21024

T

×


image15.wmf
s

24576

T

×


image16.wmf
s

6240

T

×


image17.wmf
s

24576

2

T

×

×


image18.wmf
s

21024

T

×


image19.wmf
s

24576

2

T

×

×


image20.wmf
s

448

T

×


image21.wmf
s

4096

T

×


image22.wmf
s

4384

T

×


image23.wmf
s

5120

T

×


image24.wmf
(

)

SEQ

CP

64

4

T

T

+

×


oleObject5.bin

image25.wmf
s

30720

40

T

×


oleObject6.bin

image26.wmf
s

30720

256

T

×


oleObject7.bin

image27.wmf
s

30720

40

T

×


oleObject8.bin

image28.emf
SAT GW

Doppler 

in feeder 

link

Doppler 

compensation for 

reference pint

Doppler in 

service 

link

UE

Reference Point(RP)


oleObject9.bin
�


image29.emf
GNSS signal

UL transmission

SYNC

GNSS active IoT active PSM

TAU T3412 timer 

expiration time

TAU T3412 timer 

expiration time


oleObject10.bin
GNSS signal


PSM


UL transmission


SYNC


GNSS active


IoT active


TAU T3412 timer expiration time


TAU T3412 timer expiration time



image1.wmf
f

D


