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1. [bookmark: _Ref18181]Introduction
In RAN1#104e [1], the followings have been agreed on synchronization for IoT-NTN.
Agreement:
Study potential impact of GNSS Position fix on UE power consumption using battery life methodology in Rel-13 TR 45.820 (Section 5.4) 
FFS: Details of the study
Agreement:
Discuss whether GNSS measurement window is needed and beneficial for initial access.
Agreement:
For the study of potential impact of GNSS Position fix on UE power consumption consider at least the following parameters
· GNSS power consumption value
· GNSS position Time To First Fix
Agreement:
Study potential impact of NTN SIB carrying the satellite ephemeris on 
· UE power consumption in NB-IoT and eMTC 
· Accuracy of satellite location tracking
· PRACH congestion
Agreement:
Study the UE pre-compensation of satellite delay during long UL transmission on (N)PUSCH in NB-IoT and eMTC. 
Agreement:
Study the UE pre-compensation of satellite delay and Doppler during long UL transmission on PRACH in NB-IoT and eMTC.
Agreement:
Study the UE pre-compensation of satellite Doppler shift during long UL transmission on (N)PUSCH in NB-IoT and eMTC.
In this contribution, issues for enhancement on time and frequency synchronization are elaborated with corresponding analysis.
1. DL synchronization
For DL synchronization in IoT over NTN, the NPSS synchronization performance (including detection rate and frequency offset estimation) varies with different assumptions. As one example, according to the link budget in [2], it can be observed that by assuming the channel with limited fading margin (e.g., 3dB), the CNR/CINR of link budget for Set-1, Set-2, Set-3 and Set-4 are better than the minimum required SINR (i.e., -12.6 dB) for NPSS synchronization in TN networks, except for the case with Set-4 satellite parameters and UE noise figure as 9 dB. In these case, with further consideration on the large Doppler shift and variation, the NPSS synchronization may be not guaranteed. For example, as shown in Figure 1 with 2Tx at satellite side, it can be observed that the PSS can be detected within certain latency region, e.g., detected within 665 ms for 95%, which is worse than the legacy system and further degraded for 1Tx1Rx in Table 1 along with other metrics. Therefore, the performance evaluation on DL initial synchronization should be further conducted for some realistic application scenarios.
[image: NPSSsynchronization0329V222]
[bookmark: _Ref67933633]Figure 1 NPSS synchronization performance for In-Band mode, SNR=-13.95 dB, CFO=±47.5kHz
[bookmark: _Ref67933820]Table 1 NPSS synchronization performance with SNR=-13.95 dB
	Performance Metrics
	In-Band Mode, 1T1R
	In-Band Mode, 2T1R

	Detection probability
	64.84%
	91.41%

	Synchronization Latency (50%)
	620 ms
	240 ms

	Synchronization Latency (90%)
	1540 ms
	520 ms

	Synchronization Latency (95%)
	1700 ms
	665 ms

	Residual frequency offset (95%)
	-540Hz~540Hz
	-380Hz~380Hz


Proposal 1: DL synchronization performance should be evaluated for target scenarios.
Meanwhile, in case of IoT over NTN service in S-band (e.g., at 2 GHz) with UE oscillator error as 20 ppm (NB-IoT UE) and the residual Doppler as 16.14 ppm (e.g., LEO-600, 1000 km beam diameter for nadir beam), the maximum FO could be up to (20 + 16.14)*2 = 72.28 kHz, which is much larger than half of the current channel raster, i.e., 100 kHz. 
Then, when multiple cells from different satellites cover the same area, the UE cannot identify the correct DL frequency for target satellite. Therefore, a larger sync raster e.g., 200 kHz, should be defined for LEO.
Observation 1: 100 kHz channel raster may not be large enough to avoid ambiguity in DL synchronization of IoT over NTN when multiple cells from different satellites could cover same UE.
Proposal 2: Channel raster should be enhanced in IoT over NTN if the scenarios with co-covered cells from different LEO satellites is supported.
1. UL synchronization
2. Discussion on the pre-compensation

The duration for each UL transmission, e.g., PRACH or PUSCH, will be long especially with large repetition number. For example, if 3.75 kHz single subcarrier configuration is applied for NPUSCH, the maximum duration can be as long as  ms, i.e., 40.96 s. In this case, with consideration on the satellite movement (at least), the accumulated error of TA and Doppler will impact the system performance if initial pre-compensation value is kept for whole transmission. Therefore, updates on the pre-compensation value of TA and Doppler during the continuous transmission time interval is expected. Moreover, the long repetition transmission can be divided to multiple segments and the TA/Doppler for each segment can be well estimated and pre-compensated.
Observation 2: Performance degradation will occurs for the continuous transmission with larger repetition.
In the discussion of RAN1#104e, two options are proposed for UE pre-compensation of TA:
· Option 1: Use UE-specific TA calculation based on GNSS-acquired UE position and serving satellite ephemeris.
· Option 2: Use UE-specific TA calculation based on the timing drift rate. 
Above options can update the TA value during transmission, which will reduce the accumulated TA error. Both of them can be used to achieve the segmented pre-compensation. After dividing long repetition transmission to multiple segments, TA pre-compensation based on either option 1 or 2 can be applied for each segment and finally different segments are combined. It means that segmented pre-compensation is in different dimension w.r.t option 1 and 2 and they can be applied together. Moreover, since the total duration of one transmission can be as long as 40 s, the satellite ephemeris or timing drift rate are very likely to be updated during transmission gap for long UL to ensure that the accurate TA can be applied for different parts of repetition, i.e., as segmented pre-compensation. Therefore, segmented pre-compensation should be applied no matter which option is selected finally.
For Doppler, similar conclusion can be obtained as for TA, i.e., segmented pre-compensation is necessary no matter which Doppler pre-compensation method is applied.
Proposal 3: Segmented pre-compensation for long continuous repetition transmission should be considered.
In segmented pre-compensation, different segments generally apply different pre-compensation values. Hence, a gap should be inserted between adjacent segments to avoid the overlap of segments caused by different TA pre-compensation. Meanwhile, the gap is also needed to achieve the updates on the information, e.g., satellite PV value or other synchronization related indication, to ensure the accurate TA/Doppler compensation. And how to set the time length of inserted gap should be further investigated.
Proposal 4: The time duration of gap between adjacent segments of one UL transmission should be supported.
[image: ]
[bookmark: _Ref10574]Figure 2 Illustration of transmission gap and valid time range in segmented pre-compensation
For the simplicity of implementation, one unified TA may be applied for pre-compensation in a whole segment or even more than one segments as shown in Figure 2, when TA drift rate is not too large or segment length is short enough. In this case, a time range can be configured to UE, which indicates the valid time of one TA. When out of the time range, an updated TA value should be applied for pre-compensation to avoid decoding failure.
Proposal 5: A valid time range can be indicated to UE for one TA value applied in one UL transmission.
Moreover, in NTN case, to enable the enhancement for time relationship, the reported TA from UE is needed, which can be delivered in RACH procedure or (N)PUSCH transmission. In this case, with consideration on the long UL transmission of channel delivering the TA report, it is not reasonable to report all TA values and either the TA applied to the first or last segment is preferred.
Proposal 6: When TA report is enabled, TA value of first or last segment of transmission delivering the TA report should be considered.
2. Discussion on the GNSS and SIB reading
The UL synchronization in IoT-NTN relies on the pre-compensation of TA and Doppler based on calculation at UE side for service link and indication from eNB (e.g., at least for TA) w.r.t the feeder link according to the basic assumption in [1] w.r.t the UE’s capability for GNSS. Generally, in this way, an NTN UE at least needs to support the acquisition of its own position and velocity by GNSS and SIB reading for satellite ephemeris. Comparing to the legacy TN network, the effect of UL synchronization will have impacts on the battery life.
The power consumption for SIB reading for satellite ephemeris is determined by the size of the ephemeris and the coupling loss. Two options of satellite ephemeris are proposed in [3], i.e.
· Option 1: ephemeris format based orbital elements
· Option 2: ephemeris format based on instant state vectors with implicit time: e.g., instant position and instant velocity
In Option 1, the ephemeris comprises of 13 parameters, i.e., epoch time, α (km), e, I (deg), Ω (deg), ω (deg), M (deg), SX (km), SY (km), SZ (km), VX (km/s), VY (km/s), VZ (km/s). Suppose each of them is denoted by a float32, then 52 Bytes of payload is needed to indicate the ephemeris. For Option 2, as is pointed in [3], the size of the needed payload is 16Bytes to realize the resolution of 1.3m and 0.06m/s.
As indicated in [4], the power consumption of SIB reading is listed in Table 2. It is shown that the Option 2 has a much less power consumption. In order to evaluate the reduction of battery life, we need to estimate the frequency for SIB reading.
[bookmark: _Ref67935538]Table 2 Power consumption of SIB reading for satellite ephemeris
	Message
	State
	Bytes (L1)
	Transmission time (ms)

	
	
	
	144 dB
	154 dB
	164 dB

	DL assignment(from [3])
	Rx
	8
	1
	4
	40

	SIB reading for ephemeris Option 1
	Rx
	52
	6.5(0.585mJ)
	26(2.34mJ)
	260(23.4mJ)

	SIB reading for ephemeris Option 2
	Rx
	16
	2(0.18mJ)
	8(0.72mJ)
	80(7.2mJ)


Observation 2: The power consumption of SIB reading for ephemeris Option 2 is significantly less than that of the Option 1.
Proposal 7: Study on the frequency of SIB reading for ephemeris should be considered.
The power consumption of GNSS positioning is determined by the rated power of the GNSS chip and the positioning time. Supposing the rated power is 30mJ, the power consumption for positioning for hot start and warm start is as shown in Table 3.
[bookmark: _Ref2318]Table 3 Power consumption of GNSS positioning
	Chip Name
	Warm Start
	Power Consumption
	Hot Start
	Power Consumption

	Erinome-II
	28s
	840mJ
	1s
	30mJ

	GM-A023
	30s
	900mJ
	1s
	30mJ

	SE868 V3
	23s
	690mJ
	1.1s
	33mJ

	A2235-H
	32s
	960mJ
	1s
	30mJ

	FMP3312
	33s
	990mJ
	1s
	30mJ

	MT3333
	5s
	150mJ
	1s
	30mJ


Observation 3: The power consumption of GNSS positioning is much larger than that of the SIB reading for ephemeris Option 2.



The error in pre-compensation is caused by estimation error of the position and velocity of the satellite and UE. Assuming that a UE perform GNSS positioning in time, and read the ephemeris parameters transmitted in time. Then, in time instant, the total estimation error can be bounded by



,





where  and  denote the inaccuracy in GNSS positioning and indicated satellite position, which are bounded by GNSS chip capability and resolution of indicated ephemeris, respectively. The  and are the error in propagation for the position of UE and satellite, which are generally proportional to the time . The notation is similar for the error in velocity estimation. In order to ensure UL synchronization, the total estimation error should satisfies the UL requirements as is analyzed in [3]. When the error in propagation increases and exceeds the UL requirements, the previous GNSS positioning or SIB reading becomes invalid. The validation time of GNSS can be estimated according to the UE movement model and the propagation algorithm.
In the typical IoT case, the UL transmission of a UE mainly consists of periodic and aperiodic UL transmission, e.g., periodic UL report and PUSCH triggered by PDCCH or PRACH. For the periodic UL transmission, the total power consumption for UL synchronization is easily to be estimated based on the validation time of the GNSS positioning and SIB reading. The potential conflicts between the occasion for GNSS measurement and data delivering/reception may can be avoided by scheduling.
[image: ]
[bookmark: _Ref68105666]Figure 2 Illustration on Time gap for GNSS measurement.
However, it is more complex for the aperiodic UL transmission. The distribution of time interval between two aperiodic UL transmissions can be derived based on traffic model. Supposing that the time interval is generally significantly longer than the validation time of GNSS positioning, the UE may be configured to perform GNSS positioning for every UL transmission. In order to save power, a UE should perform GNSS only when needed, i.e., when the UL signal transmission is needed after waking up as illustrated in Figure 2. However, if the UL transmission is triggered by PDCCH, the UE cannot predict when the UL transmission happens before the reception of PDCCH. So the GNSS positioning can only happen after the PDCCH and before the PUSCH, and the additional gap between the PDCCH and possible triggered UL transmission may be needed for synchronization including GNSS measurement [5][6]. 
If the time interval between two aperiodic UL transmission has a considerable probability to be smaller than the validation time of GNSS positioning, the signalling can be further optimized for power saving. 
Proposal 8: Study the configuration of time gap for GNSS positioning.
Proposal 9: Study the optimization on power saving when GNSS positioning for every UL transmission is unnecessary.
1. RACH enhancement
The cell in NTN is much larger than the cell in terrestrial network. Because the NPRACH resource is limited, the supported UE density in NTN is reduced. The supported UE density of different NTN scenarios are already estimated in [7] as follows.
Table 3 The supported UE density of different NTN scenario
	
	Coverage (km2)
	Supported UE density 
(single carrier)
	Supported UE density 
(16 carriers)

	GEO
	650000 (hex with r=500km)
	~0.2863 UE/km2
	~4.5803 UE/km2

	
	162500 (hex with r=250km)
	~1.1451 UE/km2
	~18.3212 UE/km2

	LEO
	26000 (hex with r=100km)
	~7.1567 UE/km2
	~114.5 UE/km2

	
	6500 (hex with r=50km)
	~28.63 UE/km2
	~458.03 UE/km2


It can be seen that only with 16 carriers for NPRACH and the smallest beam size, the NTN is able to support the lowest requirement for IoT device density. In all other scenarios, the supported UE density is not enough. The supported UE density can be improved by designing new NPRACH format. A direct method is to use a sequence to form a symbol group, instead of using all 1 in each single-tone OFDM symbol. An example is as follows.
[image: ]
Figure 3 A new NPRACH format to improve supported UE density
Proposal 10: Study PRACH format to improve UE density.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposal:
Observation 1: 100 kHz channel raster may not be large enough to avoid ambiguity in DL synchronization of IoT over NTN when multiple cells from different satellites could cover same UE.
Observation 2: The power consumption of SIB reading for ephemeris Option 2 is significantly less than that of the Option 1.
Observation 3: The power consumption of GNSS positioning is much larger than that of the SIB reading for ephemeris Option 2.
Proposal 1: DL synchronization performance should be evaluated for target scenarios.
Proposal 2: Channel raster should be enhanced in IoT over NTN if the scenarios with co-covered cells from different LEO satellites is supported.
Proposal 3: Segmented pre-compensation for long continuous repetition transmission should be considered.
Proposal 4: The time duration of gap between adjacent segments of one UL transmission should be supported.
[bookmark: _GoBack]Proposal 5: A valid time range can be indicated to UE for one TA value applied in one UL transmission.
Proposal 6: When TA report is enabled, TA value of first or last segment of transmission delivering the TA report should be considered.
Proposal 7: Study on the frequency of SIB reading for ephemeris should be considered.
Proposal 8: Study the configuration of time gap for GNSS positioning.
Proposal 9: Study the optimization on power saving when GNSS positioning for every UL transmission is unnecessary.
Proposal 10: Study PRACH format to improve UE density.
Reference
[1] [bookmark: _Ref8578]RAN1 Chairman’s note, RAN1#104e, Jan. 2021
[2] [bookmark: _Ref10026][bookmark: _Ref12729]R1-2102916, “Discussion on scenarios and link budget for IoT-NTN”, ZTE, RAN1#104b-e
[3] R1-2100595, “UE Time and frequency Synchronization for NR-NTN”, MediaTek, RAN1#104e, Jan. 2021
[4] [bookmark: _Ref18751][bookmark: _Ref1969]R1-156006, “NB-IoT - Battery lifetime evaluation”, Ericsson, ZTE, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Nokia, Intel, Samsung, LGE
[5] [bookmark: _Ref3108][bookmark: _Ref2675]R1-2100249, Discussion on the synchronization for IoT-NTN, ZTE, RAN1#104e
[6] [bookmark: _Ref3115]R1-2100878, Power consumption of IoT-NTN, Sony, RAN1#104e
[7] [bookmark: _Ref6137]R1-2008856, “Discussion on power consumption and NPRACH capacity for NTN”, ZTE, RAN1#103-e
image3.png
Valid time range of T4

Valid time range of T4,

P
i F

———

Transmission gap

| i
Trafsmissior) zap

Transmission gap

e

Segment 1

Segment 2

Segment 3

Segment 4

u

L transmission

>

Time domain




image4.wmf
1

t


oleObject2.bin

image5.wmf
2

t


oleObject3.bin

image6.wmf
t


oleObject4.bin

image7.wmf
)

(

)

(

)

(

)

(

2

,

,

,

,

1

,

,

,

,

,

,

t

t

P

P

t

t

P

P

t

P

t

P

P

prop

sate

err

indicate

sate

err

prop

ue

err

gnss

ue

err

sate

err

ue

err

err

-

+

+

-

+

£

+

£


oleObject5.bin

image8.wmf
)

(

)

-

(

)

(

)

(

2

,

,

,

,

1

,

,

,

,

,

,

t

t

V

V

t

t

V

V

t

V

t

V

V

prop

sate

err

indicate

sate

err

prop

ue

err

gnss

ue

err

sate

err

ue

err

err

-

+

+

+

£

+

£


oleObject6.bin

image9.wmf
gnss

ue

err

P

,

,


oleObject7.bin

image10.wmf
indicate

sate

err

P

,

,


oleObject8.bin

image11.wmf
)

(

,

,

t

P

prop

ue

err


oleObject9.bin

image12.wmf
)

(

,

,

t

P

prop

sate

err


oleObject10.bin

oleObject11.bin

image13.png
PSS search WUS and paging GNSS search UL transmission





image14.png
180kHz

30kHz $





image1.png
CDF

09

08

[ik4

06

05

04

03

02

01

NPSS synchronization in IoT over NTN with SNR=-13.95 dB

TIR

400 600 800 1000 1200

NPSS latency (ms)

1400 1600 1800 2000




image2.wmf
40960

128

10

8

4

=

´

´

´


oleObject1.bin

