3GPP TSG RAN WG1 Meeting #99	R1-1911860
Reno, USA, November, 18 – 22, 2019

Agenda Item:	7.2.5.3
Source:	Huawei, HiSilicon
Title:	Discussion on Doppler compensation, timing advance and RACH for NTN
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98b, a couple of consensus are achieved on preamble formats, TA adjustment, and UL frequency compensation [1]: 
Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· At least for the case without pre-compensation of timing and frequency offset, at least the following options for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
· FFS: CP and Ncs
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding

Agreement:
W.r.t the Option 1 of a previous agreement on TA adjustment for UL transmission, the following alternatives can be considered: 
· Alt-1: Compensation of the full-TA is conducted at the UE. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· Alt-2: Compensation of UE specific differential TA only is conducted at the UE.
· FFS: The reference point(s) for UE specific differential TA calculation

Agreement:
W.r.t the Option 2 of TA adjustment from a previous agreement for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as the baseline.
· FFS: Multiple reference points per beam for common TA calculation
· In addition to the signalling of the common TA, Rel-15 signaling for UE-specific differential TA indication from BS can be considered
· Extension of range (explicit or implicit) for TA indication in RAR can be considered.
· FFS: Negative values of TA

Agreement:
Indication of timing drift rate by gNB to the UE is beneficial to enable TA adjustment.
FFS: whether indication of frequency drift rate is beneficial 

In this contribution, we further discuss the issue of preamble formats, timing and frequency compensation in NTN regarding the latest agreements.

[bookmark: _Ref129681832]Discussion
Consideration on UL frequency alignment 
In RAN1#98 [2], it is assumed that a non-GNSS UE sends preamble with frequency referred from instant DL signals. Thus the UL frequency misalignment would be:


Discarding the second order terms, the initial UL frequency offset of the received preamble is approximately 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 is beneficial for the UE to be aware of the UL frequency offset and compensate this value for the UL. 
It was agreed that parameter(s) for frequency correction can be indicated by gNB to UE for UL frequency compensation [2]. Therefore, gNB can indicate the UE with a frequency offset. Then, 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 very often.
Observation 1: The frequency adjustment indication can solve the UL frequency offset due to frequency drift.
Consideration on RACH
The key parameters of PRACH format design include CP length, sequence length, SCS and the number of sequence repetition. Among them, the CP length, sequence length and repetition number determine the beam/cell coverage. The selection of SCS relates to robustness to carrier frequency offset. In [3], we have elaborated that the existing NR preamble formats are not sufficient for most of the NTN scenarios. 
In RAN1 #98, four simulation cases with different UL frequency offset and differential delay were agreed for PRACH design justification wherein Case 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 1.
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
For single ZC sequence based PRACH design, it is not possible to separate the effect of delay and frequency offset. To combat the UL frequency offset, restriction set can be used so that up to 2 times SCS frequency offset can be accommodated at the cost of reduced supportable differential delay. To fully leverage the CP length, the NR Rel-15 preambles cannot handle frequency offset larger than half of the subcarrier spacing. 
To accommodate large UL frequency offset
In order to accommodate the effect of large frequency offset in preamble detection, one solution is to scramble the ZC sequence in the frequency domain. Figure 2 provides the generation process of the proposed scrambled preamble. Compared to the existing Rel-15 procedure, scrambling is performed on a ZC sequence in frequency domain. 
[image: ]
Figure 2. The generation process of the proposed scrambled preamble
The existing random access preamble is generated according to



The frequency domain representation  is generated according to





where  is the length of ZC sequence depending on the preamble format,  represents the root index of ZC sequence, and  represents cyclic shift of the preamble.
The scrambling operation in the frequency domain is as follows:




where the frequency domain representation  is scrambled by a pseudo random sequence, e.g. m-sequence. The scrambled sequence is mapped to a set of subcarriers in frequency domain and the time continuous signal is generated via IFFT.
One exemplary receiver is shown in Figure 3 where the additional processing steps are marked with dashed boxes. When receiving the scrambled preamble, frequency domain detection is used to estimate the uplink timing. 
[image: ]
Figure 3. The detection method of the proposed scrambled preamble
The number of branches in the receiver is determined by the range of normalized frequency offset. In order to reduce detection complexity, the range of normalized frequency offset needs to be determined according to the elevation angle and coverage of a beam. The gNB uses every potential integer in the range of normalized frequency offset as one branch to detect uplink timing. In each branch, the corresponding frequency offset of the received preamble is compensated and transferred to frequency domain. Then the frequency domain data is extracted and descrambled, and the gNB would use the descrambled frequency domain data to find out the uplink timing offset.
Only if the normalized frequency offset is correctly compensated, an obvious correlation peak will appear in the power delay profile. Then the gNB can get uplink timing according to the index of correlation peak. Additionally, the gNB could acquire the integral normalized frequency offset in uplink timing detection. The fractional frequency offset could be obtained by the ratio of the power of correlation peaks.
As mentioned above, the scrambled preamble is robust to large frequency offset. A preamble format of 1.25kHz subcarrier spacing also can be used. It should also be noted that the average cubic metric (CM) of the scrambled preambles can be optimized by choosing the appropriate scrambling sequence.
To accommodate large differential delay
As shown in Table 1, in LEO-600km cases, the CP of the existing NR format 1 could cover the differential round trip delay in case 1. We could reuse the NR format 1 with the scrambled preamble in case 1.
However, the differential round trip delay in cases 2-3 is much larger than the CP of the existing NR formats. Thus a new format without CP is introduced for case 2-3 based on the long sequence of 839 with 1.25kHz subcarrier spacing. This new format only consists of sequence and guard time. The sequence includes several repeated symbols. An example of the format which could be used in case 2-3 is shown below
[image: ]
Figure 4. The proposed new preamble format without CP
The sequence of the proposed format contains 6 repeated symbols. All the symbols are generated by the same ZC sequence and scrambled by the same pseudo random sequence. 
To address the issue that the differential delay is larger than sequence length, the detection algorithm needs to be enhanced. Exemplary illustration of the enhanced detection scheme is shown in the Appendix. 
Simulation results 
In the following simulation, we use the scrambled preamble based on the existing NR format 1 for case 1 and the format in Figure 4 for case 2-3. All the preambles are scrambled by the pseudo random sequence in the frequency domain. Performance evaluation of random access preamble is based on the assumptions agreed in [2]. It is assumed that the power of user 1 is 3dB higher than user 2.
MDR performance 
[image: ]

Figure 5. Preamble miss detection rate (LEO-600km, S-band, Set-2, NTN TDL-D, user 1 of multi-user)
[image: ] 
Figure 6. Preamble miss detection rate (LEO-600km, S-band, Set-2, NTN TDL-D, user 2 of multi-user)
From the above figures, it can be observed that the gNB is able to distinguish the scrambled preambles sent by different users and determine each uplink timing. In case 1, user 1 achieves MDR=1% at SNR point of -9.7dB, while user 2 achieves MDR=1% at SNR point of -5.5dB. In case 2-3, user 1 achieves MDR=1% at SNR point of -12dB, while user 2 achieves MDR=1% at SNR point of -9dB. It is shown that the performance of the proposed format is better than NR PRACH format, because it contains more symbols in sequence.
Observation 2: The gNB can distinguish the scrambled preambles sent by different users and determine each uplink timing in NTN TDL-D model. 
Proposal 1: For UEs without pre-compensation of timing and frequency offset, the following option should be considered for enhanced PRACH formats in NTN.
· Single Zadoff-Chu sequence with pseudo random scrambling in frequency domain
CDF of residual frequency and timing offset 
The CDFs of normalized residual frequency offset and residual timing offset at the SNR point corresponding to 99% preamble detection rate for each user are shown in following figures respectively.
[image: ] 
[bookmark: _Ref15405972]Figure 7. CDF of residual frequency offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 1)
[image: ] 
Figure 8. CDF of residual frequency offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 2)
[image: ] 
Figure 9. CDF of residual frequency offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 3)
From the above, it can be observed that in all considered cases the maximum normalized residual frequency offset does not exceed 1 SCS, where SCS represents subcarrier spacing of the preamble. In general, about 90% normalized residual frequency offset can be controlled within 0.5.
In NTN TDL-D model, the SNR point corresponding to 99% preamble detection rate of user 2 is larger than user 1 and the CDFs of normalized residual frequency offset of user 2 is better than user 1.
Observation 3: In all considered cases the maximum normalized residual frequency offset does not exceed 1 SCS, and about 90% normalized residual frequency offset can be controlled within 0.5.
[image: ]
Figure 10. CDF of residual timing offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 1)

[image: ]
Figure 11. CDF of residual timing offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 2)
[image: ]
Figure 12. CDF of residual timing offset (LEO-600km, S-band, Set-2, NTN TDL-D, case 3)
From the above, it can be observed that in all considered cases the maximum residual timing offset does not exceed 1*16Ts. In general, more than 99.6% residual timing offset is less than 16Ts.
Similarly, the SNR point corresponding to 99% preamble detection rate of user 2 is larger than user 1 in NTN TDL-D model and thus the CDFs of residual timing offset of user 2 is better than user 1.
Observation 4: In all considered cases the maximum residual timing offset does not exceed 1*16Ts. In general, more than 99.6% residual timing offset is 0.
Further enhancement on repeated PRACH symbols







To combat large differential delay, a new preamble format without CP is proposed in 2.2.1. In such cases, the differential delay normalized to the preamble symbol could be divided into two parts: the fractional part of differential delay and the integer part of differential delay. Similarly, the corresponding detection procedure consists of two steps: the first step is to estimate and the second step is to estimate. When the length of sequence is much larger than the differential delay, the majority part of the repeated symbols contribute to  determination while only a few contribute to  determination, which implies that the detection performance bottleneck is the estimation of. 


To explain the problem, the detection performance gap of  and the total differential delay, i.e.  is shown in Figure 13. The employed format contains 10 repeated symbols and the max differential delay uncertainties is about 2.49 symbols.
[image: ]
Figure 13. Performance gap of df and (df + di) 



Figure 13 shows that the performance gap between  and the total differential delay is about 2dB. It is clear the performance bottleneck is the estimation of . Moreover, the difference between sequence length and max differential delay has an impact on the performance gap. The greater the difference, the larger the performance gap.
Observation 5: In cases where differntial delay is larger than the preamble symbol length, the estimation of di is the perfomance bottleneck.




It is obvious that balancing the detection performance of the  and would be beneficial to enhance the performance. One solution to enhance the estimation of  is to introduce another kind of symbols or blank symbols in one format. These symbols are placed between the repeated symbols and could help to improve the detection performance of . 

[image: ]
Figure 14. Performance gap of PRACH format with or without blank symbols between repetitions
[bookmark: _GoBack]Figure 14 shows the performance comparison of cases with and without blank symbols between repetitions. It can be observed that the overall performance improves about 0.5dB if blank symbols are introduced between repetitions. The total length of the PRACH format remains the same, without introducing any resource overhead. Introducing symbols of another kind plays similar role as having blank symbols. Thus it is beneficial to use another kind or blank symbols to improve performance. Furthermore, the number and the pattern of different symbols are worth further study to optimize the performance.
Observation 6: Introducing additional symbols of another kind or blank symbols between the repeated PRACH symbols could help improve the detection performance in cases where differential delay is larger than the symbol length.
Proposal 2: Introduce additional symbols of another kind or blank symbols between the repeated PRACH symbols to improve the detection performance in cases where differential delay is larger than the symbol length.
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. According to RAN1#98 agreement [2], there have been two options to be considered for supporting TA adjustment in UL transmission, i.e., autonomous method and indication method. In this section, we will further discuss some details about these two methods.
Autonomous acquisition of TA at UE 
UE with GNSS capability can only acquire the service link TA with known location and satellite ephemeris, and it cannot obtain the feeder link TA value according to these information. To solve this problem, there are two ways at least. 1) The network broadcasts the propagation delay of feeder link to UE. As a result, the UE can adjust TA with the service link TA and the feeder link TA. 2) The timing delay introduced by feeder link is transparent to UE, which means that the network compensates for the timing delay of feeder link.
Observation 7: UE with GNSS capability cannot acquire the feeder link TA with satellite ephemeris. The following two methods can be considered at least: 
1) The network broadcasts the common TA of feeder link.
2) The network compensates for the timing delay of feeder link.
Indication of common TA to users
As mentioned in RAN1#98bis [1], single reference point per beam for common TA calculation is considered as baseline in the indication of common TA scenario. Furthermore, if the gNB broadcasts multiple common TAs according to multiple reference points at the same time in one beam, UE cannot figure out which one to use. Therefore, there is no strong motivation for multiple reference points per beam for common TA calculation, if the beam size is not too large. 
Observation 8: There is no strong motivation to adopt multiple reference points per beam for common TA calculation, if the beam size is not too large.
Meanwhile, the reference point location in one beam has an effect on the range of RAR TA. For example, if the reference point is at the center of one beam, the RAR TA has to include negative values. On the other hand, if the reference point is the nearest position to the gNB in the beam, the RAR TA, which can only indicate positive values, is sufficient.
Observation 9: If the reference point for calculating the service link common TA is the nearest position to the gNB in one beam, the TA command in the RAR, which can only indicate positive values, is sufficient. 

Conclusion
In this contribution, we further discuss the issue of preamble, timing and frequency compensation for NTN, the following observations and proposals are presented:
Observation 1: The frequency adjustment indication can solve the UL frequency offset due to frequency drift.
Observation 2: The gNB can distinguish the scrambled preambles sent by different users and determine each uplink timing in NTN TDL-D model. 
Observation 3: In all considered cases the maximum normalized residual frequency offset does not exceed 1 SCS, and about 90% normalized residual frequency offset can be controlled within 0.5.
Observation 4: In all considered cases the maximum residual timing offset does not exceed 1*16Ts. In general, more than 99.6% residual timing offset is 0.
Observation 5: In cases where differntial delay is larger than the preamble symbol length, the estimation of di is the perfomance bottleneck.
Observation 6: Introducing additional symbols of another kind or blank symbols between the repeated PRACH symbols could help improve the detection performance in cases where differential delay is larger than the symbol length.
Observation 7: UE with GNSS capability cannot acquire the feeder link TA with satellite ephemeris. The following two methods can be considered at least: 
1) The network broadcasts the common TA of feeder link.
2) The network compensates for the timing delay of feeder link.
Observation 8: There is no strong motivation to adopt multiple reference points per beam for common TA calculation, if the beam size is not too large.
Observation 9: If the reference point for calculating the service link common TA is the nearest position to the gNB in one beam, the TA command in the RAR, which can only indicate positive values, is sufficient. 
Proposal 1: For UEs without pre-compensation of timing and frequency offset, the following option should be considered for enhanced PRACH formats in NTN.
· Single Zadoff-Chu sequence with pseudo random scrambling in frequency domain
Proposal 2: Introduce additional symbols of another kind or blank symbols between the repeated PRACH symbols to improve the detection performance in cases where differential delay is larger than the symbol length.
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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[bookmark: _Ref21075044]Appendix: Exemplary timing detection scheme for PRACH format w/o CP
Here we provide an exemplary timing detection scheme for PRACH format with repetitions but without CP. The detection algorithm includes two consecutive steps: 

1) Determination of the fractional part of differential delay

2) Determination of the integer part of differential delay
[image: ]
Figure A1. The detection window for df 
The detection window for fractional part of differential delay df determination is shown in Figure A1. In this step, the symbols within the detection window can be added together to increase the effective SNR, boosting the detection performance of df . Once the fractional part of differential delay is obtained, the received PRACH signal can be shifted back so that all the symbol boundaries are aligned to timing of the local reference symbols.
[image: ]
Figure A2. The detection window for di 
Then the very first and the end part (actually located in GT) of received PRACH signal can be used for determining the integer part of differential delay. Note the symbols in the middle part masked by gray box do not contribute to the determination of this integer part. The offset for multiple trials only need to take values that are integer multiple of the symbol length. For the PRACH format example in the above Figure A1 and A2, the symbols used for determining di is much fewer than that for df determination, leading to unbalanced detection performance of di and df.

image2.png
Distance for calculating maximun,

1
Mininum élevation angle
in the bean]

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




image3.emf
Random access 

preamble

DFT

Scrambling

Subcarrier 

mapping

Transmitted signal 

in time-domain

IFFT


image4.wmf
,

(1)

()(()mod)

(),01

zc

uvuvzc

uii

j

N

uzc

xnxnCN

xieiN

p

+

-

=+

=££-


oleObject2.bin

image5.wmf
,

()

uv

yn


oleObject3.bin

image6.wmf
2

1

,,

0

()()

ZC

zc

mn

N

j

N

uvuv

m

ynxme

p

-

-

=

=×

å


oleObject4.bin

image7.wmf
zc

N


oleObject5.bin

image8.wmf
u


oleObject6.bin

image9.wmf
v

C


oleObject7.bin

image10.wmf
,,

()()(),01

uvuvzc

ynyncnnN

=×££-

%


oleObject8.bin

image11.wmf
,

()

uv

yn


oleObject9.bin

image12.wmf
()

cn


oleObject10.bin

image13.emf
Received signal 

in time-domain

Filter

Frequency offset 

compensation 

(Branch 1)

FFT

Subcarrier 

demapping

IFFT

Descrambling

Correlation 

detection

Get uplink 

timing

Frequency offset 

compensation 

(Branch 2)

FFT

Subcarrier 

demapping

IFFT

| · |

2

Correlation 

detection

Frequency offset 

compensation 

(Branch N)

FFT

Subcarrier 

demapping

IFFT | · |

2

Correlation 

detection

…

| · |

2

Descrambling

Descrambling


image14.emf
SEQ                                                   GT


image15.wmf
-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

SNR (dB)

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

R

a

t

e

LEO-600km, S-band (2GHz), Set-2, TDL-D, multi-user (user 1)

Case 1, Scrambled NR format 1

Case 2, Scrambled format in Fig.4

Case 3, Scrambled format in Fig.4


image16.wmf
-23

-21

-19

-17

-15

-13

-11

-9

-7

-5

-3

SNR (dB)

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

R

a

t

e

LEO-600km, S-band (2GHz), Set-2, TDL-D, multi-user (user 2)

Case 1, Scrambled NR format 1

Case 2, Scrambled format in Fig.4

Case 3, Scrambled format in Fig.4


image17.wmf
0

1

2

3

4

5

6

7

8

9

10

Residual Frequency Offset (normalized)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 1

User 1

User 2


image18.wmf
0

1

2

3

4

5

6

7

8

9

10

Residual Frequency Offset (normalized)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 2

User 1

User 2


image19.wmf
0

1

2

3

4

5

6

7

8

9

10

Residual Frequency Offset (normalized)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 3

User 1

User 2


image20.wmf
0

1

2

3

Residual Timing Offset (16Ts)

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 1

User 1

User 2


image21.wmf
0

1

2

3

Residual Timing Offset (16Ts)

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 2

User 1

User 2


image22.wmf
0

1

2

3

Residual Timing Offset (16Ts)

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

C

D

F

LEO-600km, S-band (2GHz), Set-2, TDL-D, case 3

User 1

User 2


image23.wmf
f

d


oleObject11.bin

image24.wmf
i

d


oleObject12.bin

oleObject13.bin

image25.wmf
i

d


oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

image26.wmf
(

)

fi

dd

+


oleObject19.bin

image27.wmf
-19

-18

-17

-16

-15

-14

-13

SNR (dB)

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

R

a

t

e

LEO-600km, S-band (2GHz), Set-2, TDL-D, multi-user (user 1), case 3

d

f

d

f

+d

i


oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

oleObject25.bin

image28.wmf
-19

-18

-17

-16

-15

-14

-13

SNR (dB)

10

-2

10

-1

10

0

M

i

s

s

 

D

e

t

e

c

t

i

o

n

 

R

a

t

e

LEO-600km, S-band (2GHz), Set-2, TDL-D, multi-user (user 1), case 3

PRACH format with blank symbols between repetitions

PRACH format without blank symbols between repetitions


oleObject26.bin

oleObject27.bin

image29.png
NO CP PRACH format with repetitions
A

15t step: detect d; : '

[*
Max differential delay

Detection window for d;





image30.png
2nd step: detect d;

\3\

Remove

Detection window for d;

}





image1.wmf
UL

service

UL

service

UE

sat

UE

sat

f

f

RO

DS

DS

DS

DS

FO

,

,

)

1

(

)

1

(

)

1

(

-

´

+

´

+

+

´

+

+

=


oleObject1.bin

