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In RAN1#98, a couple of consensus are achieved on DL synchronization, UL frequency compensation, TA adjustment and PRACH simulation assumption [1]: 
Agreement:
For DL initial synchronization in NTN, 
· SSB design in Rel-15 can provide robust performance in the following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation
· Factors that need to be considered include at least latency and complexity for SSB detection
Agreement:
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking

Agreement:
For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE
· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.

Agreement:
Following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling

Agreement:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design. 

In this contribution, we would like to further discuss the issue of timing and frequency acquisition for NTN regarding the latest agreements.

[bookmark: _Ref129681832]Discussion
Consideration on DL synchronization 

The perceived frequency offset can be denoted as follows:


where:
· 

, : Doppler offset due to the motion of satellite and UE, respectively. The max value is about 24PPM for LEO 600km orbit.
· 
: the error due to UE local oscillator, assumed 10PPM.
· 
: the value of pre-compensated frequency offset at the BS (satellite) side.
The Doppler pre-compensation can eliminate the majority part of the Doppler offset [2]. The residual Doppler offset is only several PPM, which can be calculated according to the beam/cell size and orbit altitude.
Observation 1: With pre-compensation, the frequency offset in DL is mainly due to UE local oscillator error.
For non-GNSS UE, the one-shot SSB-based DL timing and frequency synchronization performance has been extensively studied in [2][3][4][5][6]. Most of the studies show that the existing NR SSB design can generally support robust one-shot timing and frequency performance with enhanced PSS detection algorithm [3][7]. From implementation point of view, the impact of whether adopting Doppler pre-compensation in the DL is merely the perceived frequency offset to be addressed at the UE side. Larger frequency offset requires more blind trials during the PSS detection, leading to more power consumption and/or large processing latency, and calling for more restricted FAR threshold on PSS detection. 
Observation 2: For non-GNSS UE, the SSB design in NR Rel-15 is sufficient if the cost on detection complexity, processing latency and detectable SNR are acceptable.

For UE with GNSS, the local oscillator can be calibrated to the GNSS signals, i.e., the term, about 10PPM, is almost eliminated, which will greatly relieve the DL synchronization issue on latency and power assumption.
Observation 3: For GNSS UE, the SSB design in R-15 is sufficient.
Other spotted issues in the synchronization are the timing drift [2] and frequency drift [8] due to the fast moving and the changing relative speed in LEO-based NTN scenarios. 
Simply holding the timing point based on one SSB is not sufficient, since the timing drift in 1 ms is about 24.8ns, which is about 48.8 Tc in terms of sampling point. This means that the timing drift between two timing adjustments, e.g., 10ms, is about 487.7 Tc. Therefore, a “synchronized” UE still suffers from timing offset and even inter-symbol-interference (ISI) between two sets of reference signals. Consequently, the UE has to adjust the timing by itself even without the help of the reference signals to avoid possible ISI. 
Observation 4: The impact of timing drift in DL synchronization is non-negligible and a UE needs to adjust the timing point autonomously between two pilot signals to avoid possible ISI due to DL timing drift in LEO.
The predictable frequency drift is dominated by the Doppler rate. The maximum Doppler rate of orbit 600km is 0.27ppm/s (at nadir point). The cumulated frequency offset during the interval of two sets of reference signals e.g. 10ms is about 0.0027ppm, corresponding to 5.4Hz for 2GHz central frequency. Thus the impact of the frequency drift is negligible. 
Observation 5: The impact of frequency drift in DL synchronization is very small.
If the UE is equipped with GNSS, it can calculate the Doppler rate and timing drift rate of the service link based on its position and the satellite ephemeris information. However, in transparent deployment, the UE cannot estimate the timing drift of the feeder link. Solutions for timing drift rate can be referred to the discussion in sec 2.4.
Consideration on UL frequency alignment 
In RAN1#98, it is assumed that a (non-GNSS UE) sends preamble with frequency referred from the instant DL signals. Thus the UL frequency misalignment would be:


Discarding the second order terms, the initial UL frequency offset of the received preambles is approximately the double of the (residual) Doppler offset in DL. 
The long term cumulative frequency offset due to frequency drift can also be large (e.g. 540Hz per 1s) if the UE always sends the UL signals merely referred to the instant frequency of DL signals. It seems that the UE should be aware of the UL frequency offset and compensate this value for the UL. There are several options to address this issue:
(1) BS indicates the UE with frequency offset. The UE can adjust the UL frequency based on the DL frequency and the indicated frequency offset. Since the frequency drift rate is very small, the indication does not need to send often.
(2) BS indicates the UE with Doppler rate. Since the Doppler rate is quite predictable, the UE can adjust the UL frequency based on the DL frequency and the indicated Doppler rate 
(3) The UE estimates the frequency drift rate from the measurement based on the downlink reference signals, or determines the frequency offset from the relative speed of UE and satellite based on the UE GNSS and satellite ephemeris.  
Proposal 1: To compensate the UL frequency offset, the following options can be considered:
Option 1: gNB indicates frequency offset to each UE.
Option 2: gNB indicates frequency drift rate to each UE.
Option 3: UE estimates frequency offset or frequency drift rate by itself.
FFS: Details of signaling considering overhead and accuracy 
Consideration on RACH
In [2], we have elaborated that the existing NR preamble formats are not sufficient for most of the NTN scenarios. Then in the last meeting, four cases regarding different UL frequency offset and differential delay are agreed for new PRACH design justification wherein the cases 1-3 are for none-GNSS UEs and the case 4 is for GNSS UEs. The maximum UL differential delay and differential frequency offset are calculated based on the geometry in Figure 1 w.r.t the parameters of Set-2 in S band and are summarized in Table 2.
Table 1. UL differential delay & UL frequency offset for agreed case 1-4, Set 2 
	
	Elevation angle
	UL Differential delay (ms)
	UL Frequency offset (ppm)

	Case 1
	90° for LEO
	[0,  0.013] (600km)
[0,  0.029] (1200km)
	±3.89ppm (600km)
±3.73ppm (1200km)

	Case 2
	45° for LEO
	[0,  0.852]  (600km)
[0,  1.657]  (1200km)
	±2.97ppm (600km)
±3.00ppm (1200km)

	Case 3
	30° for LEO
	[0,  1.991]  (600km)
[0,  3.761]  (1200km)
	±2.38ppm (600km)
±2.55ppm (1200km)

	Case 4
	With both open loop timing and frequency compensation
	--
	--
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Figure 1. Illustration of the distance for calculating the maximum differential delay time
It can be observed that without the help of GNSS and satellite ephemeris info, the initial UL frequency offsets of the considered case 1-3 are much larger than that in terrestrial networks. Meanwhile, the maximum differential delays to be addressed by the preamble are also large in case 2 & 3. For example, case 3 of LEO 1200km, the required overhead in the preamble CP should be at least 3.761ms. Solutions that can deal with the large differential delay and frequency offset simultaneously are at the cost of the huge system overhead and/or sophisticated detection algorithm. 
However, if the UE is equipped with GNSS, it can calculate the rough TA value based on its position and the ephemeris information. The remaining TA uncertainties due to inaccuracy of UE GNSS and satellite positions can be easily handled by the existing or slightly modified preambles as well as the well-established RACH procedures. 
Observation 6: For non-GNSS UE, the overhead in the preamble CP due to the large differential delay is a big challenge to the system.
Consideration on timing advance adjustment
A UE shall adjust the timing of its UL transmissions based on a TA command so that the frame boundary of the UL signals from different UEs can be aligned at the gNB within the required accuracy. 
Timing advance command in RAR 
During initial access, the gNB estimates the UE-specific TA based on the preamble sequence sent by UE, and sends the TA command to UE in the RAR. In NR, the TA command indicates the maximum index value of [image: ], where the granularity of TA for Subcarrier Spacing (SCS) [image: ] kHz is [image: ] with a time unit [image: ], where [image: ] Hz and [image: ] ([image: ]ms). For SCS of 15 kHz, the TA command can indicate up to 2ms, corresponding to 300 km cell radius. However, this value will be scaled down with the increase of the SCS [9]. 
If the UE does not have the GNSS, the gNB needs to indicate larger range for TA, which is more than 2ms. To extend the indication range of the initial TA, the expression of [image: ] can be multiplied by a scaling factor [image: ] [10]:
[image: ]
where the granularity of extended TA is [image: ]. For a fixed SCS, the accuracy of the extended TA indication is determined by the scaling factor [image: ].
A UE should meet the timing error requirement for an initial transmission defined in [11]. The reference point is the downlink timing of the reference cell minus [image: ], where the value of [image: ] given in [11] depends on the uplink transmission duplex mode and the frequency range (FR).
According to Table 7.1.2-1 in [11] (details are presented in Appendix A), the scaling factor [image: ] in the expression of [image: ] cannot be arbitrarily chosen since the error due to the limited granularity has to meet the timing accuracy requirement, especially for large SCS used in FR2. If the timing accuracy requirement cannot be met when adopting the scaling factor, increasing the bit width of the TA command can be considered for the UE without GNSS. 
On the contrary, if the UE is equipped with GNSS, the UE can send preamble with the calculated TA, and the remaining timing offset at the gNB side can be addressed by the existing TA command. Therefore, there is no need to extend the initial TA for the UE with GNSS.
Observation 7: The extended initial TA with the scaling factor [image: ] may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Observation 8: Increase the bit width of the TA command for UE without GNSS, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Observation 9: For UE equipped with GNSS, increasing the bit width of the TA command can be avoided.
Timing advance adjustment
In NTN, the fast motion of an LEO satellite causes a large timing drift, which is larger than that in terrestrial networks. According to Table 7.1-1 in [12], the timing drift experienced by a UE can be up to 40 s/s. Hence, the UE needs to update TA more frequently to cope with the large timing drift in NTN. Besides, there is misalignment between the indicated TA adjustment value and the actual TA value due to the large propagation delay. 
If the NR TA adjustment mechanism is used in NTN, the gNB will send the TA adjustment command to the UE much more frequently to maintain the uplink timing synchronization for LEO cases. At the same time, the timing drift in the interval between two TA adjustment commands sent by the gNB should not be larger than the Cyclic Prefix (CP) length at least. Provided that 40 µs/s timing drift exists in the worst LEO case, the requirement of the TA command transmission period is shown in Table 2.
[bookmark: _Ref14451278]Table 2. Requirement of the TA command transmission period in the worst LEO case (600km)
	Numerology (u)
	0
	1
	2
	3

	SCS (kHz)
	15
	30
	60
	120

	CP length (us)
	4.688
	2.344
	1.172
	0.586

	TA command period (ms)
	117
	58.6
	29.3
	14.7


	
As shown in Table 2, larger SCS requires shorter transmission period of TA commands. Moreover, if the timing error requirement described in [11] is concerned, the required TA command period will become shorter. Consequently, it can be concluded that if only using the existing NR TA adjustment mechanism to maintain the uplink timing synchronization, the gNB has to frequently send TA adjustment commands to each UE in LEO scenarios, which will introduce increased signaling overhead to the system.
Observation 10: In LEO scenarios, gNB has to frequently send TA commands to each UE if barely based on closed-loop TA adjustment, introducing huge signaling overhead.
To reduce the signaling overhead, the UE could update the TA by itself based on the timing drift rate, which can be acquired from the gNB indication or the UE’s own calculation. To support a UE to implement TA self-adjustment, the following 3 options can be considered:
(1) The gNB indicates the timing drift rate to each UE. Before receiving the next TA adjustment command, the UE calculates the TA value based on the previous received TA adjustment command and the indicated timing drift rate. When receiving a new TA adjustment command, the UE updates the TA value based on the TA adjustment command. In consideration of the maximum change rate of timing drift rate in LEO cases and the timing error requirement described in [11], the timing drift rate can be indicated from every hundreds of microseconds to every seconds. 
(2) The gNB broadcasts a cell/beam-specific common timing drift rate to UEs within a certain area. After the initial access, the UE uses the common timing drift rate to update the TA value before receiving a new TA adjustment command. The UE will adjust the timing drift rate based on subsequent TA commands. The common timing drift rate shared by all UEs within a certain area contributes to reducing signaling overhead. This method is more suitable for cases with smaller variation of the timing drift rate, e.g. small cell size at low elevation angles in regenerative cases.
(3) The UE can estimate the timing drift rate from the measurements based on downlink reference signals, or from the GNSS and satellite ephemeris. For the latter option, it should be noted that the timing drift rate in the feeder link further need the position of gateway. 
It is obvious that signaling overhead and accuracy of aforementioned options are different. Therefore, which option is chosen needs further study. Additionally, the misalignment between the indicated TA adjustment command and the actual TA due to the long propagation delay can be relieved by pre-compensation at the gNB or post-compensation by the UE, because both the gNB and the UE can acquire the rough TA value.
Observation 11: Compared with sending TA commands frequently to the UE, signaling overhead can be greatly reduced if the UE is able to update the TA by itself.
Proposal 2: UE should support autonomous TA adjustment with the help of the timing drift rate. The following options can be considered:
Option 1: gNB indicates the timing drift rate to each UE.
Option 2: gNB broadcasts a cell/beam-specific common timing drift rate.
Option 3: UE estimates the timing drift rate by itself.
FFS: Details on signaling and forms
FFS: Overhead and accuracy 

Conclusion
In this contribution, we further discuss the issue of timing and frequency acquisition for NTN, the following observations and proposals are presented:
Observation 1: With pre-compensation, the frequency offset in DL is mainly due to UE local oscillator error.
Observation 2: For non-GNSS UE, the SSB design in NR Rel-15 is sufficient if the cost on detection complexity, processing latency and detectable SNR are acceptable.
[bookmark: _GoBack]Observation 3: For GNSS UE, the SSB design in R-15 is sufficient.
Observation 4: The impact of timing drift in DL synchronization is non-negligible and a UE needs to adjust the timing point autonomously between two pilot signals to avoid possible ISI due to DL timing drift in LEO.
Observation 5: The impact of frequency drift in DL synchronization is very small.
Observation 6: For non-GNSS UE, the overhead in the preamble CP due to the large differential delay is a big challenge to the system.
Observation 7: The extended initial TA with the scaling factor [image: ] may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Observation 8: Increase the bit width of the TA command for UE without GNSS, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Observation 9: For UE equipped with GNSS, increasing the bit width of the TA command can be avoided.
Observation 10: In LEO scenarios, gNB has to frequently send TA commands to each UE if barely based on closed-loop TA adjustment, introducing huge signaling overhead.
Observation 11: Compared with sending TA commands frequently to the UE, signaling overhead can be greatly reduced if the UE is able to update the TA by itself.
Proposal 1: To compensate the UL frequency offset, the following options can be considered:
Option 1: gNB indicates frequency offset to each UE.
Option 2: gNB indicates frequency drift rate to each UE.
Option 3: UE estimates frequency offset or frequency drift rate by itself.
FFS: Details of signaling considering overhead and accuracy 
Proposal 2: UE should support autonomous TA adjustment with the help of the timing drift rate. The following options can be considered:
Option 1: gNB indicates the timing drift rate to each UE.
Option 2: gNB broadcasts a cell/beam-specific common timing drift rate.
Option 3: UE estimates the timing drift rate by itself.
FFS: Details on signaling and forms
FFS: Overhead and accuracy 
Based on the discussion, it can be observed that if UE is assumed to be without GNSS, the system may need to broadcast the common TA, indicate the UL frequency correction, extend the TA command, adopt a new PRACH format design, and so on. This would introduce large signaling overhead, high complexity and large power consumption. Therefore, it is worth discussing whether the Rel-16 NTN SI or the potential Rel-17 WI should prioritize the UEs with GNSS capability. In general, this may be dependent on the several factors including the prioritized application scenarios and specification complexity.
Proposal 3: Discuss whether the Rel-16 NTN SI or the potential Rel-17 WI should prioritize the UEs with GNSS capability.
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Appendix A. NR specification for UE transmit timing [11] 
The UE should meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement is the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.
When the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te. The reference timing will be [image: ] before the downlink timing of the reference cell. 
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals (KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 




image2.wmf
DLsatUELOp

FOFOFOFOFO

=++-


oleObject2.bin

image3.wmf
sat

FO


oleObject3.bin

image4.wmf
UE

FO


oleObject4.bin

image5.wmf
LO

FO


oleObject5.bin

image6.wmf
p

FO


oleObject6.bin

oleObject7.bin

image7.wmf
UL

service

UL

service

UE

sat

UE

sat

f

f

RO

DS

DS

DS

DS

FO

,

,

)

1

(

)

1

(

)

1

(

-

´

+

´

+

+

´

+

+

=


oleObject8.bin

image8.png
Distance for calculating maximun,

1
Mininum élevation angle
in the bean]

1
1
|
|
I
I
|
|
|
|
I
|
|
v




image9.wmf
3846

A

T

=


image10.wmf
215

m

×


image11.wmf
1664/2

TAA

NT

m

=××


image12.wmf
max

1/()

cf

TfN

=D×


image13.wmf
3

max

48010

f

D=×


image14.wmf
4096

f

N

=


image15.wmf
6

0.50910

c

T

-

=´


image16.wmf
TA

N


image17.wmf
0

S


image18.wmf
(

)

,0

1664/2

TAscaledA

NTS

m

=×××


image19.wmf
(

)

0

1664/2

S

m

××


image20.wmf
(

)

,

TATAoffsetc

NNT

+´


image21.wmf
,

TAoffset

N


image22.wmf
,

TAscaled

N


image23.wmf
0

S


image24.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


image25.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


image1.wmf
DL

FO


oleObject1.bin

