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Introduction
In NTN network, accurate information about geolocation and time has large impact on the system design target. For fixed terminals, geolocation and time may be provided at the time of initial access. Consequently, propagation delay and Doppler shift can be calculated based on Ephemeris data of the satellite that is assumed available.  However, for terminals mounted on moving platforms, GPS may be the only reliable source of geolocation and time. 
In this document, we discuss impacts of propagation delay and Doppler shift on initial access with the assumption of no GPS at the terminal. 
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Propagation delay and Doppler shift in NTN can be significantly larger than in terrestrial network. For instance, the round-trip delay (RTD) for bent-pipe geostationary satellites can be more than 500 ms and the Doppler shift for non-geostationary satellite can be a few hundred kHz at Ka band 1]. Such large propagation delay and Doppler will certainly require major re-design of NR synchronization and random access. 

With proper signaling, only the differential propagation delay and Doppler need to be considered in the system design if the common propagation delay and Doppler are signaled. For instance, the propagation delay, T, and the Doppler, D, seen by the center of the coverage area can be signaled, e.g., in RMSI. In addition, the synchronization signal can be pre-compensated to remove the common Doppler, i.e., f=fn-D, where fn is the nominal downlink(DL) carrier frequency.  

For convenience, absolute and differential propagation delays and Doppler shifts in several example deployment scenarios are listed in the Table below.

Table 1 Example absolute and differential propagation delays and Doppler shifts assuming a stationary UE.
	Deployment
	GEO (@35786 km)
	LEO (@1500 km)
	HAPS (@20 km)

	Frequency (Hz)
	DL:20G    UL:30G
	DL20G,   UL:30G
	2G

	Beam Radius (km)
	400
	200
	20

	Elevation Angle
	300
	400
	400

	Absolute/Differential RTT (ms)
	~500/4
	~28/2
	~0.2/0.07

	DL Absolute/Differential Doppler (kHz)
	Neg
	124/4.2
	Neg

	UL Absolute/ differential Doppler (kHz)
	Neg
	186/6.3
	Neg




It can be seen from the table that the differential propagation delay and Doppler shift can be an order of magnitude smaller than the absolute propagation delay and Doppler shift. It’s also important to note the differential delay and Doppler depend on a number of factors such as beam footprint and elevation angle.  The larger the beam coverage area the larger the differential delay and Doppler shift. For beam footprint with a radius of few hundred km, the differential Doppler shift induced by the satellite movement is no larger than the frequency offset of free-running oscillator typically assumed in NR. However, the differential delay can be much larger than the typical values in terrestrial networks and thus requires redesign of NPRACH waveform.

Initial Synchronization Time
In terrestrial networks, initial synchronization is a two-dimensional search: synch raster and frequency offset (FO). For each potential synch raster, UE may perform a few hypothesis tests based on the maximal frequency offset due to local oscillator inaccuracy as shown in Figure 1. Typically, the step size of the hypothesis FO equals to or smaller than the subcarrier spacing for satisfactory performance. The maximal FO depends on the oscillator accuracy. Assuming the subcarrier spacing of 120 kHz and an oscillator of 5ppm at carrier frequency 20 GHz, at least 3 searches at each synch raster is needed. 



Figure 1. Flow diagram of initial search in terrestrial network.

Without knowledge of geolocation, a UE has to try more look angles during initial search. That is, a three-dimensional search may have to be performed.  In addition, searches over more frequency hypotheses have to be performed if the synchronization signal is not pre-compensated and hence the absolute Doppler shift has to be considered. For a given look angle and hypothesis on synch raster and FO, the UE has to carry out the the search over a duration that is long enough so that there is at least one satellite passing by. The above means the potential of significantly increased initial search time. 

Observation 1: Without knowledge of geolocation and hence potential satellite candidates, the initial search time can be much longer. 

PRACH 
NR PRACH design is based on the following principles:
· PRACH resource is reserved and exclusive.
· Cyclic prefix (CP) is long enough to cover propagation delay.
With accurate geolocation and time, a UE is able to estimate the propagation delay and hence adjust the transmit time of PRACH accordingly. As a result, NR PRACH design principles or even NR PRACH waveforms can be directly used. Otherwise, at least differential delay has to be considered and NR PRACH design principles need to be revisited. 
Observation 2: Without knowledge of geolocation, NR PRACH design principles need to be revisited.

Summary
We have discussed impacts of propagation delay and Doppler shift on initial search time and PRACH design and shown that without accurate geolocation and time available at UEs, very long initial search time and re-design of NR PRACH are expected. In light of this, we have the following proposal.
Proposal 1: To consider if GPS or accurate geolocation information is mandated for UEs mounted on moving platforms communicating with satellites.
 

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
[1] [bookmark: _Ref481771738][bookmark: _Ref461383190]3GPP TR 38.811V0.3.0 “Study on New Radio (NR) to support non-terrestrial networks”.


1/1
image1.emf
PSS search assuming 

synch raster k and 

FO= m*

D

f

Found 

PSS?

N |m|<M?

N

k=k+1

Y

m=m+1

Y

Done


oleObject1.bin
�

�

�

PSS search assuming synch raster k and FO= m*Df




1


/


1


 


3GPP TSG RAN WG1 Meeting


 


#92bis


 


R1


-


18


04822


 


Sanya, China, April 16


th


 


–


 


20


th


, 2018 


 


Agenda item:


 


7


.


3


.2


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


On 


NTN Initial Access 


 


Document for:


 


Discussion


/Decision


 


1


 


Introduction


 


In NTN network, 


accurate information about geolocation and time 


has


 


large impact on the system design target. 


For fixed 


terminals, geolocation and time may be provided at the time of initial access. Consequently, propagation delay and Doppler 


shift can be calculated based


 


on Ephemeris data of the satellite that is assumed available.  However, for 


termin


als mounted 


on moving platforms, GPS may be the only reliable source of geolocation and time. 


 


In this document, we discuss impacts of propagation delay and Doppler shift on


 


initial access with the assumption of no 


GPS at the terminal. 


 


 


2


 


Propagation 


Delay and Doppler


 


 


Propagation


 


delay 


and Doppler shift 


in NTN 


can be significantly larger than in terrestrial network. For instance, the


 


round


-


trip delay


 


(RT


D


)


 


for 


bent


-


pipe 


geostationary satellites can be more than 500 ms and the Doppler shift for non


-


geost


ationary 


satellite can be a few hundred


 


k


Hz at Ka band


 


1]


. 


Such large propagation delay and Doppler will 


certainly 


require 


major re


-


design of NR synchronization and random 


access. 


 


 


With proper signaling, 


only the differential propagation delay and Doppler need to be considered in the system design if the 


common


 


propagation delay and Doppler are signaled. For instance, the propagation delay, T, and the Doppler, D, seen by 


th


e center of the co


verage area can be signaled, e.g.,


 


in RMSI. In addition, the synchronization signal can be pre


-


compensated to


 


remove the common Doppler, i.e.


, f=fn


-


D, where fn is the nominal downlink(DL) carrier frequency. 


 


 


 


For convenience, absolute an


d differential propagation delays and Doppler shifts in 


several example deployment scen


a


r


ios 


are listed in 


the 


Table below.


 


 


Table 


1


 


Example absolute and differential propagation delays and Doppler shifts assuming a stationary UE.


 


Deployment


 


GEO (@35786 km)


 


LEO (@1500 km)


 


HAPS (@20 km)


 


Frequency (Hz)


 


DL:20G    UL:30G


 


DL20G,   UL:30G


 


2G


 


Beam Radius (km)


 


400


 


200


 


20


 


Elevation Angle


 


30


0


 


40


0


 


40


0


 


Absolute/Differential RTT (ms)


 


~500/4


 


~28/2


 


~0.2/0.07


 


DL 


Absolute/Differential 


Doppler 


(kHz)


 


Neg


 


124/4.2


 


Neg


 




1 / 1   3GPP TSG RAN WG1 Meeting   #92bis   R1 - 18 04822   Sanya, China, April 16 th   –   20 th , 2018    Agenda item:   7 . 3 .2   Source:    Qualcomm Incorporated   Title:     On  NTN Initial Access    Document for:   Discussion /Decision   1   Introduction   In NTN network,  accurate information about geolocation and time  has   large impact on the system design target.  For fixed  terminals, geolocation and time may be provided at the time of initial access. Consequently, propagation delay and Doppler  shift can be calculated based   on Ephemeris data of the satellite that is assumed available.  However, for  termin als mounted  on moving platforms, GPS may be the only reliable source of geolocation and time.    In this document, we discuss impacts of propagation delay and Doppler shift on   initial access with the assumption of no  GPS at the terminal.      2   Propagation  Delay and Doppler     Propagation   delay  and Doppler shift  in NTN  can be significantly larger than in terrestrial network. For instance, the   round - trip delay   (RT D )   for  bent - pipe  geostationary satellites can be more than 500 ms and the Doppler shift for non - geost ationary  satellite can be a few hundred   k Hz at Ka band   1] .  Such large propagation delay and Doppler will  certainly  require  major re - design of NR synchronization and random  access.      With proper signaling,  only the differential propagation delay and Doppler need to be considered in the system design if the  common   propagation delay and Doppler are signaled. For instance, the propagation delay, T, and the Doppler, D, seen by  th e center of the co verage area can be signaled, e.g.,   in RMSI. In addition, the synchronization signal can be pre - compensated to   remove the common Doppler, i.e. , f=fn - D, where fn is the nominal downlink(DL) carrier frequency.        For convenience, absolute an d differential propagation delays and Doppler shifts in  several example deployment scen a r ios  are listed in  the  Table below.     Table  1   Example absolute and differential propagation delays and Doppler shifts assuming a stationary UE.  

Deployment  GEO (@35786 km)  LEO (@1500 km)  HAPS (@20 km)  

Frequency (Hz)  DL:20G    UL:30G  DL20G,   UL:30G  2G  
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Elevation Angle  30 0  40 0  40 0  
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DL  Absolute/Differential  Doppler  (kHz)  Neg  124/4.2  Neg  

