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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 a new SI on solutions evaluation for NR to support Non-Terrestrial Networks (NTN) was approved [1]. The objectives of the SI for physical-layer are reported as follows. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 [2] and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

The significant difference between NTN and terrestrial networks includes the large round-trip propagation delay (up to hundreds of milliseconds for GEO) and delay variation rate due to the fast motion of satellites especially in LEO scenario. To support NTN in NR, the above two factors need to be studied. In this contribution, we discuss some key aspects regarding the Timing Advance (TA), the preamble format and the timing issue in RACH procedures.

[bookmark: _Ref129681832]Discussion
[bookmark: _GoBack]Consideration on timing advance
TA is the timing offset between the start of a received downlink frame and a transmitted uplink frame. A UE has to apply this timing offset for UL transmissions so that the frame boundary of the UL signals from different UEs can be aligned at the gNB within the required accuracy. 
Initial timing advance 







During the initial access, the gNB estimates the initial TA based on the preamble sequence sent by UE, and sends the TA command to UE in the Random Access Response (RAR). In NR, the TA command indicates the maximum index value of , where the granularity of TA for Subcarrier Spacing (SCS)  kHz is  with a time unit , where  Hz and  (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 [3]. 


To extend the indication range of the initial TA, the expression of  can be multiplied by a scaling factor [4]:




where the granularity of extended TA is . For a fixed SCS, the accuracy of the extended TA indication is determined by the scaling factor .


A UE should meet the timing error requirement for an initial transmission defined in [5]. The reference point is the downlink timing of the reference cell minus , where the value of  given in [5] depends on the uplink transmission duplex mode and the frequency range (FR).


According to Table 7.1.2-1 in [5] (details are presented in Appendix A), the scaling factor  in the expression of  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 shall be considered.

Observation 1: The extended initial TA with the scaling factor  may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Proposal 1: It may be necessary to increase the bit width of the TA command, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Timing advance adjustment




UE shall have the capability of tracking the frame timing change of the serving gNB. A TA adjustment of  will be indicated by the TA command with index value of . The new TA is calculated as [6], and the maximum TA adjustment of  can be indicated.
A large timing drift will be caused by the fast motion of an LEO satellite. According to Table 8.1-1 in [7], the timing drift experienced by a UE can be up to 40 s/s. It may be necessary to update TA more frequently to cope with the large timing drift. Furthermore there is misalignment between the indicated TA adjustment value and the real TA value due to the large propagation delay
Barely re-using the existing TA adjustment mechanism, the gNB shall transmit TA to the UE much more frequently to maintain the uplink synchronization for LEO cases. The timing drift in the interval between two TA commands sent by the gNB shall not be larger than the Cycle Prefix (CP) duration 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 1.
Table 1. 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 1, larger SCS requires shorter transmission period of TA commands. Moreover, if the timing error requirement described in [5] is concerned, the required TA command period will become shorter. It is noted that the more frequently sending TA commands to each UE, the more signaling overhead will be introduced to the system.
Observation 2: Frequently sending TA commands to each UE in LEO based NTN will introduce significant signaling overhead to the system.
On the other hand, if the UE is able to update the TA by itself based on the timing drift rate, the signaling overhead can be greatly reduced. The timing drift rate can be acquired from the indication by the gNB based on orbit and beam information, or from the estimation by the UE itself based on downlink reference signals or the indicated TA values.
We list 3 options in detail which can support a UE to implement TA self-adjustment: 
(1) The gNB indicates the timing drift rate to each UE. Before receiving a new TA command, the UE shall calculate the TA value based on the previous TA command and the indicated timing drift rate. When receiving a new TA command, the UE shall update the TA value based on the TA command. In consideration of the maximum change rate of timing drift rate in LEO cases and the timing error requirement described in [5], the timing drift rate can be indicated in hundreds of microseconds to 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 shall firstly use the common timing drift rate to update the TA value before receiving a new TA command. The UE shall 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 may be 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 may estimate the timing drift rate by itself with the help of downlink reference signals, such as PSS, SSS, DM-RS and CSI-RS which are described in [8]. Figure 4 in [9] shows the difference of timing tracking performance between different reference signals. Downlink timing tracking based on CSI-RS performs best at the same SNR.
It can be concluded that signaling overhead and accuracy of above methods are different. 
Additionally, since both the gNB and the UE can acquire the TA value, the misalignment between the indicated TA adjustment and the real TA, which is caused by the long propagation delay, could be eliminated by the serving gNB pre-compensation or the UE post-compensation.
Observation 3: Compared with sending TA commands frequently to the UE, signaling overhead will be greatly reduced if the UE is able to update the TA by itself.
Proposal 2: There are several methods to implement self-adjustment of the TA value by the UE. These methods need to be further studied considering signaling overhead and accuracy of self-adjustment. 
Intuitively, UEs with GNSS information is able to support open-loop TA adjustment with the knowledge of the serving satellite’s ephemeris. Generally, there is a meter-level error between the GNSS positioning information and the real position of a UE, which can be tolerated when considering the error requirement. However, the positioning accuracy worsens in some cases, e.g. the UE is near buildings or the UE moves with varying acceleration. Therefore, the open-loop TA adjustment mechanism based on UE GNSS information and satellite ephemeris may not meet the TA adjustment accuracy requirement in certain cases.
Observation 4: Since the accuracy of positioning worsens in some cases, open-loop TA adjustment mechanism based on UE GNSS and satellite ephemeris may not meet the TA adjustment accuracy requirement in certain cases.
Proposal 3: It is necessary to retain the closed-loop TA adjustment mechanism because of not enough positioning accuracy, even though the GNSS of UE and the ephemeris of serving satellites are available.
Consideration on RACH 
RACH procedures for NR
The RACH procedure does not change much from LTE to NR. The brief introduction of the contention-based random access procedure for NR is given, which consists of the following 4 steps, as shown in Figure 1.
 [image: ] 
Figure 1. The random access procedure in NR
Through receiving the Synchronization Signal Block (SSB), a UE performs downlink synchronization and determines to use which preamble, which is also referred to as PRACH. 
	Step 1: A UE sends the preamble to the gNB for accessing the network within RACH slots.
	Step 2: Receiving the preamble correctly, gNB will transmit a RAR message to the UE, which contains the timing advance command, RA-RNTI and so on.
	Step 3: The UE transmits its identity to the gNB, and requests the RRC connection. 
Step 4: The gNB resolves any potential collision by transmitting the message to notify the UE if the initial access is successful.
Once the RACH procedure is completed, the UE will be in connected state and respond the HARQ-ACK for the data. 
Preamble format
In the step 1 of RACH procedures, there are two types of preambles in NR, which are long preambles and short preambles. The main difference between them is the length of preamble sequences, i.e., long preamble length LRA=839 and short preamble length LRA=139. Other differences in the numerology can be referred in tables below [8].

Table 6.3.3.1-1: PRACH preamble formats for  and  kHz.
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	
	 
	Type A, Type B

	1
	839
	1.25 kHz
	
	 
	Type A, Type B

	2
	839
	1.25 kHz
	
	 
	Type A, Type B

	3
	839
	5 kHz
	
	 
	Type A, Type B




Table 6.3.3.1-2: Preamble formats for  and  kHz where .
	Format
	

	

	

	

	Support for restricted sets

	A1
	139
	

	

	

	-

	A2
	139
	

	

	

	-

	A3
	139
	

	

	

	-

	B1
	139
	

	

	

	-

	B2
	139
	

	

	

	-

	B3
	139
	

	

	

	-

	B4
	139
	

	

	

	-

	C0
	139
	

	

	

	-

	C2
	139
	

	

	

	



The repetition of preamble sequences and the CP length limit the cell coverage of NR. The preamble sequence and CP lengths in time are detailed in Table 3. From Table 3, it is shown that the CP length is in microsecond magnitude (no more than 684.37 us). However, the max differential delay within a beam is 1.6 ms in the reference GEO scenario [7], which is much larger than 684.37 us. Therefore, the current NR preamble formats may not be sufficient for all NTN scenarios.
Observation 5: New preamble formats may need to be introduced to NTN scenarios.

Table 3 Preamble parameters in different formats
	Format
	LRA
	∆fRA
(KHz)
	Repetitions
	CP length
(us)
	Preamble length
(without CP)(us)

	0
	839
	1.25
	1
	103.12
	800

	1
	839
	1.25
	2
	684.37
	1600

	2
	839
	1.25
	4
	152.60
	3200

	3
	839
	5
	4
	103.12
	800

	A1
	139
	15
	2
	9.37
	133.33

	A2
	139
	15
	4
	18.75
	266.67

	A3
	139
	15
	6
	28.12
	400

	B1
	139
	15
	2
	7.03
	133.33

	B2
	139
	15
	4
	11.71
	266.67

	B3
	139
	15
	6
	16.41
	400

	B4
	139
	15
	12
	30.47
	800

	C0
	139
	15
	1
	40.36
	66.67

	C2
	139
	15
	4
	66.67
	266.67



To compensate the large differential delay in NTN, extending CP length could be considered. Meanwhile, for ensuring that no other transmissions are received with the preamble at the same time by the satellite, longer Guard Time (GT) may be needed at the receiver. Basically, the GT is just a scheduling restriction in practice. Thus, the satellite can provide different GTs in different cells or beams, which depends on implementation. Overall, the maximum differential delay could change with different cells or beams. Hence, different CP and GT lengths could be adopted in different cells or beams. 
The long propagation of signals from the UE to the satellite also leads to large free space path loss, e.g., 159.1 and 164.5 dB for LEO scenarios [10]. Thus, detecting a preamble with high reliability may be a challenge for a mobile UE with low transmit power. One straightforward way to enhance the preamble detection is to increase the repetition number of preamble sequences at the expense of longer RACH time.
Observation 6: Increasing the CP and GT lengths and the repetition number of preamble sequences may be considered for enhancing the preamble transmission in NTN.
The repetition method can also be applied to the CP extension. Figure 2 is an illustration of the repetition of CP and preamble sequences. It is assumed that there are 3.5 duplicate preamble sequences in CP. As mentioned above, by using the repetition for preamble sequences to increase the detection reliability, 8 duplicate preamble sequences in the PRACH are assumed in Figure 2. 
If the CP length can cover the large differential delay among UEs in an NTN cell, all preambles with the long CP can be received within the detection window. However, for the far-user preamble, there may be two or three CP sequences locating in the detection window, and correspondingly two or more boundaries between the CP and the preamble sequences may be found. This will really confuse the satellite when it intends to determine the UE-specific TA command. As a result, the satellite may not be able to send the correct TA indication to the far-UE. Consequently, the repetition method to revise preamble formats needs further study.

[image: C:\Users\w00476953\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\重复CPpreamble.jpg]
Figure 2. CP and preamble sequence repetition

Observation 7: The simple repetition method to extend the CP and preamble sequences lengths cannot make the satellite find the exact boundary between the CP and preamble sequences.

Timing for transmitting Msg3 and ACK
In step 3 of RACH procedures, if in slot [image: ] UE receives a PDSCH with a RAR message for a corresponding PRACH transmission from gNB, UE transmits MSG3 on PUSCH in slot  [6], where  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively. The values of  and  are given by Appendix B. 
Once UE successfully decodes MSG4, UE sends HARQ ACK for the data after  slot. The value of  is specified in RRC parameter: dl-DataToUL-ACK in PUCCH-Config. 
In the following the values of  and  are discussed.
1) From Table 6.1.2.1.1-2 and Table 6.1.2.1.1-3 in Appendix B, it can be seen that the maximum value of  is , where  and  for different  are respectively given by Table 6.1.2.1.1-4 and Table 6.1.2.1.1-5 in [11] (details are presented in Appendix B). 
In the case of  (SCS = 15kHz), the value of  equals to  slots. This means that the latest time for transmitting Msg3 is after 6 slots from receiving MSG2.
2) The value of  is provided by [6]. As can be seen, the maximum value of  is  slots (for DCI format 1_0). This means that the latest time for sending HARQ ACK is after 8 slots from decoding MSG4.
In terrestrial system, the time duration of 6 or 8 slots is sufficient for UE to complete the signal processing and timing advance procedures. However, it is inadequate to compensate for the hundreds of milliseconds propagation delay in NTN. 
Observation 8: The time duration for MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH is insufficient.
Proposal 4: How to extend the time duration for MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH needs further study.

Conclusion
In this document, the following observations were presented:

Observation 1: The extended initial TA with the scaling factor  may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Observation 2: Frequently sending TA commands to each UE in LEO based NTN will introduce significant signaling overhead to the system.
Observation 3: Compared with sending TA commands frequently to the UE, signaling overhead will be greatly reduced if the UE is able to update the TA by itself.
Observation 4: Since the accuracy of positioning worsens in some cases, open-loop TA adjustment mechanism based on UE GNSS and satellite ephemeris may not meet the TA adjustment accuracy requirement in certain cases.
Observation 5: New preamble formats may need to be introduced to NTN scenarios.
Observation 6: Increasing the CP and GT lengths and the repetition number of preamble sequences may be considered for enhancing the preamble transmission in NTN.
Observation 7: The simple repetition method to extend the CP and preamble sequences lengths cannot make the satellite find the exact boundary between the CP and preamble sequences.
Observation 8: The time duration for MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH is insufficient.
Proposal 1: It may be necessary to increase the bit width of the TA command, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Proposal 2: There are several methods to implement self-adjustment of the TA value by the UE. These methods need to be further studied considering signaling overhead and accuracy of self-adjustment. 
Proposal 3: It is necessary to retain the closed-loop TA adjustment mechanism because of not enough positioning accuracy, even though the GNSS of UE and the ephemeris of serving satellites are available.
Proposal 4: How to extend the time duration for MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH needs further study.
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Appendix A. NR specification for UE transmit timing [5] 
The UE shall 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 shall be 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 shall 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 




Appendix B. Default PUSCH time domain resource allocation of 5G NR
The PUSCH time domain allocation is defined in [8].
Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-3: Default PUSCH time domain resource allocation A for extended CP 
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	8

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	4

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	8

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	6

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	4

	15
	Type A
	j+3
	0
	8

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-4: Definition of value j
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3



Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6




image2.wmf
215

m

×


oleObject52.bin

image42.wmf
m

k

-

×

2

936


oleObject53.bin

oleObject54.bin

image43.wmf
m

k

-

×

2

2048


oleObject55.bin

image44.wmf
m

k

-

×

2

1240


oleObject56.bin

oleObject57.bin

oleObject58.bin

oleObject2.bin

image45.wmf
m

k

-

×

2

2048


oleObject59.bin

image46.jpeg
Detection window

Preamble sequences





image47.wmf
n


oleObject60.bin

image48.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


image49.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


image3.wmf
1664/2

TAA

NT

m

=××


oleObject3.bin

image4.wmf
max

1/()

cf

TfN

=D×


oleObject4.bin

image5.wmf
3

max

48010

f

D=×


oleObject5.bin

image6.wmf
4096

f

N

=


oleObject6.bin

image7.wmf
6

0.50910

c

T

-

=´


oleObject7.bin

image8.wmf
TA

N


oleObject8.bin

image9.wmf
0

S


oleObject9.bin

image10.wmf
(

)

,0

1664/2

TAscaledA

NTS

m

=×××


oleObject10.bin

image11.wmf
(

)

0

1664/2

S

m

××


oleObject11.bin

oleObject12.bin

image12.wmf
(

)

,

TATAoffsetc

NNT

+´


oleObject13.bin

image13.wmf
,

TAoffset

N


oleObject14.bin

oleObject15.bin

image14.wmf
,

TAscaled

N


oleObject16.bin

image15.wmf
0

S


oleObject17.bin

oleObject18.bin

image16.wmf
0,1,...,63

A

T

=


oleObject19.bin

image17.wmf
(

)

,,

311664/2

TAnewTAoldA

NNT

m

=+-××


oleObject20.bin

image18.wmf
321664/2

c

T

m

×××


oleObject21.bin

image19.emf
SSB


[


Step 


1


] 


Preamble 


[


Step 


2


] 


RAR 


[


Step 


3


] 


Msg


3


: 


RRC connection request 


[


Step 


4


] 


Msg


4


: 


Contention resolution 


UE


gNB


HARQ


-


ACK




SSB

[Step 1] Preamble 

[Step 2] RAR 

[Step 3] Msg3: RRC connection request 

[Step 4] Msg4: Contention resolution 

UE gNB

HARQ-ACK


image20.wmf
839

RA

=

L


oleObject22.bin

image21.wmf
RA

L


oleObject23.bin

image22.wmf
RA

f

D


oleObject24.bin

image23.wmf
u

N


oleObject25.bin

image24.wmf
RA

CP

N


oleObject26.bin

image25.wmf
139

RA

=

L


oleObject27.bin

image26.wmf
{

}

3

,

2

,

1

,

0

Î

m


oleObject28.bin

oleObject29.bin

oleObject30.bin

image27.wmf
u

N


oleObject31.bin

oleObject32.bin

image28.wmf
kHz

 

2

15

m

×


oleObject33.bin

image29.wmf
m

k

-

×

×

2

2048

2


oleObject34.bin

image30.wmf
m

k

-

×

2

288


oleObject35.bin

oleObject36.bin

image31.wmf
m

k

-

×

×

2

2048

4


oleObject37.bin

image32.wmf
m

k

-

×

2

576


oleObject38.bin

oleObject39.bin

image33.wmf
m

k

-

×

×

2

2048

6


image1.wmf
3846

A

T

=


oleObject40.bin

image34.wmf
m

k

-

×

2

864


oleObject41.bin

oleObject42.bin

image35.wmf
m

k

-

×

×

2

2048

2


oleObject43.bin

image36.wmf
m

k

-

×

2

216


oleObject44.bin

oleObject45.bin

image37.wmf
m

k

-

×

×

2

2048

4


oleObject1.bin

oleObject46.bin

image38.wmf
m

k

-

×

2

360


oleObject47.bin

oleObject48.bin

image39.wmf
m

k

-

×

×

2

2048

6


oleObject49.bin

image40.wmf
m

k

-

×

2

504


oleObject50.bin

oleObject51.bin

image41.wmf
m

k

-

×

×

2

2048

12


