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1. [bookmark: _Ref298777854]Introduction
The Study Item (SI) on solution evaluation for NR to support non-terrestrial network (NTN) was approved in RAN #80 meeting [1], with the objectives to consolidate the potential impacts in TR 38.811 [2] and identify the solutions associated with them if needed [1]. One of the NR design aspects that will be impacted by NTN is the uplink (UL) timing-advance (TA). Also, it was discussed in TR 38.811 that having an NTN UE position information can be very helpful for UL TA and the random access (RACH) process [2]. 
One of the most significant differences between NTN and terrestrial NR is the timing-advance (TA) due to the fact that the transmission delay for any of the NTN scenarios is much larger than of the terrestrial network. The maximum allowed latency in terrestrial NR is 2 msec where the one-way latency for GEO is about 272 msec, and for LEO between 14-26 msec [2]. This contribution discusses the issue of UL timing-advance (TA) for NTN assuming NTN UE knows its position from GPS.
1. Discussion
[bookmark: 3134694187906619879]Timing advance is a negative offset, at the UE, between the start of a received DL subframe and a transmitted UL subframe. Timing-advance command (TAC) is a special command from eNB to UE that enable UE to adjust this offset on its UL transmission. This offset at the UE ensures that DL and UL subframes are synchronized at gNB. within the accuracy of cyclic prefix (CP) length. 
1. Timing advance During Initial Access
During the RACH in the initial access procedure, the gNB estimates the initial timing advance (TA) from the preamble in the Msg1 of PRACH, and then sends a timing-advance command (TAC) to UE to adjust the UL timing. The maximum value for TAC is 3846 (12 bits) [3]. It can be shown that for subcarrier spacing (SCS) of 15 KHz, up to 2 msec TA can be adjusted (for up to 300 km cell radius) [4]. However, the distances and the transmission latency in NTN scenarios are much larger compared to terrestrial NR scenarios [2]. 
1. Timing Advance for NTN
In NTN, the round-trip time (RTT) of GEO satellite can be as large as 545 msec, and the RTT even for a LEO satellite with orbit altitude of 600 Km can be as large as 28.5 msec [2]. This requires a new design with new RACH preamble formats. However, there are several facts about NTN that can help to simplify the design of NTN. For example, an NTN UE is outdoor and an outdoor UE can obtain its position through GPS. There could be a discussion that a low complexity UE cannot have GPS capability. Here, we assume that NTN UEs have their positions from GPS. Also, we can assume that the location of the satellite is known to UE. Theoretically, the location of a GEO satellite is almost stationary with respect to the earth with a +/- 50 Km variations. For LEO satellite, we can assume that an NTN UE can estimate the location of LEO satellite based on its trajectory. Also, the location of the satellite gateway is always fixed. We can assume that, either the location of satellite gateway is known to NTN UE, or the location of the satellite gateway is broadcasted through the SIBs to all the NTN UEs, or the latency of the feeder-link (the link between the satellite gateway and the satellite) is broadcasted through SIBs. This way, the NTN UE has an estimate of the transmission latency between NTN UE and NTN gNB. The error of this estimation is clearly less than 2 msec. This way, the existing NR preamble formats for RACH can be used for NTN, as well. Therefore, twth GPS positioning, NTN UE is able to estimate the RTT for TA adjustment and can be directly used in NR PRACH. 
Observation 1: For an NTN UE, it is very helpful to have the GPS position to use in timing advance (TA) estimation for initial access.
1. Timing Advance Adjustments after Initial Access
As discussed in [4], after the initial access process, the UE can follow the frame timing change of the gNB. [4] discusses the effect of timing drift due to the speed of UE or satellite. The maximum speed in NR design is UE speed of 350 Km/h, where for NTN this issue will become more complicated. For LEO satellites, a large timing drift is due to the movement of the LEO satellite whose speed can be much higher than UE. Also, one of the use cases for GEO NTN is to provide connectivity to airplanes with speeds of up to 1000 km/h aircrafts [2]. Therefore, the TA adjustment after the initial access for NTN is more complicated and should be re-evaluated by RAN1. We agree with [4] that “TA related requirements and adjustment for transmission should be reconsidered and carefully evaluated for NTN for long propagation delay and very high-speed satellite or UEs.” 
Observation 2: The requirements for NTN TA adjustment should be carefully re-evaluated for very long propagation latencies of NTN and for very high-speeds of satellites or very high-speeds UEs.

1. Conclusion
This contribution discusses the impact of timing-advance on NR for NTN. The following observations were presented:
Observation 1: For an NTN UE, it is very helpful to have the GPS position to use in timing advance (TA) estimation for initial access.
Observation 2: The requirements for NTN TA adjustment should be carefully re-evaluated for very long propagation latencies of NTN and for very high-speeds of satellites or very high-speeds UEs.
References
[1] [bookmark: _Ref562763][bookmark: _Ref521434452]RP-182444, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales, 3GPP RAN#82, Sorrento, Italy, December 10-13, 2018.
[2] [bookmark: _Ref562778]TR 38.811, “Study on NR to Support Non-Terrestrial Networks”, 3GPP.
[3] 3GPP TS 38.213 V15.3.0, “Physical layer procedures for control”. 
[4] R1-1903197, “Discussion on timing advance for NTN,”, Huawei, HiSilicon, 3GPP RAN1#96, Athens, Greece, Feb 25th – Mar 1st, 2019.
[5] R3-190449, “Tracking area and UE position in NTN”, Nokia, Nokia Shanghai Bell, 3GPP RAN3#103, Athens, Greece, Feb 25th – Mar 1st, 2019.
[6] [bookmark: _Ref562742]R1-1901722, “Overview for NR supporting NTN”, Nokia, Nokia Shanghai Bell, 3GPP RAN1#96, Athens, Greece, Feb 25th – Mar 1st, 2019.
[bookmark: Source]
1


1


 


 


3GPP TSG RAN WG1 Meeting 


#


96


Bis


                                             


 


R1


-


1905215


 


Xian


, 


China


, 


April 


8


th


 


–


 


April


 


12


th


 


201


9


 


 


Source: 


 


DISH Network


 


 


Title:


 


On Timing Advance for NTN


 


 


Agenda Item:


 


7


.


2.5.2


 


Document for:


 


Discussion


 


 


1


 


Introduction


 


T


he S


tudy 


I


tem (SI)


 


on solution evaluation for NR to support 


n


on


-


t


errestrial network


 


(NTN)


 


was 


approved 


in RAN #80


 


meeting


 


[1]


, 


with the objectives to consolidate the potential impacts in TR 38.811 


[2] 


and 


identify the solutions


 


associated wit


h them


 


if 


needed 


[1]


.


 


One of the NR design aspects that will be 


impacted by NTN is 


the uplink (UL) 


timing


-


advance


 


(TA)


. 


Also, i


t 


was discussed


 


in TR 38.811 that 


having an 


NTN


 


UE position information 


can be 


very 


help


ful


 


for 


UL


 


TA 


and 


the random access (


RACH


)


 


process


 


[2]


. 


 


One of the most significant differences between NTN and terrestrial NR is t


he timing


-


advance 


(TA


) 


due to 


the fact that the


 


transmission


 


delay 


for 


any of the 


NTN 


scenarios 


is much larger 


than of


 


the terrestrial 


network


.


 


The maximum allowed latency in terrestrial NR is 2 msec where the 


one


-


way latency for GEO is 


about 272 msec, 


and for LEO between 14


-


26 msec [2]. 


T


his contribution 


discusses the issue of 


UL 


timing


-


advance (TA) for NTN assuming 


NTN


 


UE knows its position from GPS


.


 


2


 


Discussion


 


Timing advance is 


a negative offset, at the UE, betwe


en the start of a received DL subframe and a 


transmitted UL subframe. 


Timing


-


a


dvance 


command (TAC) 


is a special command from eNB to UE that 


enable UE to adjust 


this offset on 


its 


UL


 


transmission.


 


This offset at the UE ensure


s


 


that DL and UL 


subframes are s


ynchronized at gNB.


 


with


in the accuracy of cyclic prefix (CP) length.


 


 


2.1


 


T


iming advance 


During Initial Access


 


During 


the 


RACH in the 


initial access


 


procedure


, 


the 


gNB estimates the initial timing advance 


(TA) 


from the 


preamble 


in the


 


Msg1 of 


PRACH


,


 


and 


then 


sends a 


timing


-


advance command (TAC) to UE to adjust the UL 


timing


. 


The maximum value for 


TAC 


is 


3846


 


(12 bits)


 


[3]. It can be shown that f


or 


subcarrier spacing (


SCS


)


 


of 15 KHz, up to 2


 


ms


ec


 


TA


 


can be 


adjusted


 


(for up to


 


300 km cell radius


)


 


[


4


]


. Howev


er, the distances and 


the transmission latency in NTN scenarios are much larger compared to terrestrial NR scenarios [2]. 


 


2.2


 


T


iming Advance


 


for NTN


 


In NTN


, the 


round


-


trip time (RTT) 


of GEO 


satellite 


can be as large as 


545 msec, 


and 


the RTT even for a LEO 


satellite 


with orbit altitude of


 


600 Km can be as large as 28.5 msec


 


[2]


. 


This requires a new design with 


new RACH preamble formats. However, there are several facts about NTN that can help to simplify the 


design of NTN. For example,


 


an NTN UE is outdoor and an outdoor UE can obtain its position through GPS. 


There could be a discussion that a low complexity UE cannot have GPS capability. Here, we assume that 


NTN UEs have their positions from GPS. Also, we can assume that the location 


of the satellite is known to 


UE. Theoretically, the location of a GEO satellite is almost stationary with respect to the earth with a +/


-


 


50 Km


 


variations. For LEO satellite, we can assume that an NTN UE can estimate the location of LEO satellite 


based on 


its trajectory. Also, the location of the satellite gateway is always fixed. We can assume that, 




1     3GPP TSG RAN WG1 Meeting  # 96 Bis                                                 R1 - 1905215   Xian ,  China ,  April  8 th   –   April   12 th   201 9     Source:    DISH Network     Title:   On Timing Advance for NTN     Agenda Item:   7 . 2.5.2   Document for:   Discussion     1   Introduction   T he S tudy  I tem (SI)   on solution evaluation for NR to support  n on - t errestrial network   (NTN)   was  approved  in RAN #80   meeting   [1] ,  with the objectives to consolidate the potential impacts in TR 38.811  [2]  and  identify the solutions   associated wit h them   if  needed  [1] .   One of the NR design aspects that will be  impacted by NTN is  the uplink (UL)  timing - advance   (TA) .  Also, i t  was discussed   in TR 38.811 that  having an  NTN   UE position information  can be  very  help ful   for  UL   TA  and  the random access ( RACH )   process   [2] .    One of the most significant differences between NTN and terrestrial NR is t he timing - advance  (TA )  due to  the fact that the   transmission   delay  for  any of the  NTN  scenarios  is much larger  than of   the terrestrial  network .   The maximum allowed latency in terrestrial NR is 2 msec where the  one - way latency for GEO is  about 272 msec,  and for LEO between 14 - 26 msec [2].  T his contribution  discusses the issue of  UL  timing - advance (TA) for NTN assuming  NTN   UE knows its position from GPS .   2   Discussion   Timing advance is  a negative offset, at the UE, betwe en the start of a received DL subframe and a  transmitted UL subframe.  Timing - a dvance  command (TAC)  is a special command from eNB to UE that  enable UE to adjust  this offset on  its  UL   transmission.   This offset at the UE ensure s   that DL and UL  subframes are s ynchronized at gNB.   with in the accuracy of cyclic prefix (CP) length.     2.1   T iming advance  During Initial Access   During  the  RACH in the  initial access   procedure ,  the  gNB estimates the initial timing advance  (TA)  from the  preamble  in the   Msg1 of  PRACH ,   and  then  sends a  timing - advance command (TAC) to UE to adjust the UL  timing .  The maximum value for  TAC  is  3846   (12 bits)   [3]. It can be shown that f or  subcarrier spacing ( SCS )   of 15 KHz, up to 2   ms ec   TA   can be  adjusted   (for up to   300 km cell radius )   [ 4 ] . Howev er, the distances and  the transmission latency in NTN scenarios are much larger compared to terrestrial NR scenarios [2].    2.2   T iming Advance   for NTN   In NTN , the  round - trip time (RTT)  of GEO  satellite  can be as large as  545 msec,  and  the RTT even for a LEO  satellite  with orbit altitude of   600 Km can be as large as 28.5 msec   [2] .  This requires a new design with  new RACH preamble formats. However, there are several facts about NTN that can help to simplify the  design of NTN. For example,   an NTN UE is outdoor and an outdoor UE can obtain its position through GPS.  There could be a discussion that a low complexity UE cannot have GPS capability. Here, we assume that  NTN UEs have their positions from GPS. Also, we can assume that the location  of the satellite is known to  UE. Theoretically, the location of a GEO satellite is almost stationary with respect to the earth with a +/ -   50 Km   variations. For LEO satellite, we can assume that an NTN UE can estimate the location of LEO satellite  based on  its trajectory. Also, the location of the satellite gateway is always fixed. We can assume that, 

