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1. Introduction

This TDOC proposes changes to the TR 38.821 capturing agreements decided during RAN2#104 beyond the Text Proposals (R2-1816538, R2-1818514) approved and already incorporated in the v0.3.0 (see R3-187281) .

It is submitted to the email discussion decided in Spokane and referenced as follow::

 [104#52][NR- NTN ] TP on RAN2 agreements (Thales)


Intended outcome: TP capturing agreements from RAN2#104


Deadline:  Thursday 2019-02-07
2. Recall of the agreements during RAN2#104
In this clause, agreements which are not related to Text Proposals are listed below (The Text Proposals agreed during RAN2#104 have already been incorporated in the TR 38.821 v0.3.0):

· Discussion on 2-step RACH will be postponed until the procedures are more stable
· Both options (enhancing HARQ and disabling HARQ) will be studied

· All RLC modes are supported.  

· Study the need to extend the RLC/PDCP SN and window sizes based on throughput requirements
· Add text in TR 38.821 stating that association between NR PCI and NR SSBs is left for implementation (i.e. it will not be specified)

· Consider Rel-15 definitions as a baseline for NTN

· Both options a) same PCI for several satellite beams and b) one PCI per satellite beam can be considered in NTN SI with one or multiple SSBs per PCI.  The TR will capture a figure for both option.

· RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support

· For GEO, the current tracking area management is assumed as a baseline

· For LEO with moving beams study fixed and moving tracking area solutions
Proposal 1: Add these agreements in the TR as editor’s notes

It was also agreed that

· The details of the satellite ephemeris can be captured in the TR

Proposal 2: Capture the details of the satellite ephemeris in the TR as an annex
It was also agreed
· That Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).  This is up to SA2.  

· To Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion.  

Proposal 3: Discuss the satellite beam definition in the clause 3 below
3. Satellite beam discussion
3.1
Recall of the context
The purpose of this clause is to discuss the definition of satellite beam for the needs of RAN2.

What would be the equivalent of NR cells and SSB beams used in NR cellular context when applied to NR-NTN context ?

Initially it was proposed that satellite cell = satellite beam = spot beam = footprint of satellite beam or spot beam. Therefore a definition was added in TR 38.821:

· Satellite cell: a cell corresponding to the earth footprint of a satellite beam generated from a satellite platform

During RAN2#104, it has been decided to remove the current “satellite cell” definition from TR 38.821 and replace by a satellite beam. This is reflected in the chairman’s report of RAN2#104 as:
“Proposal 2: Revise the current definition of satellite cell in TR 38.821 as one of the following: 

•
Satellite beam: A beam footprint formed by satellite.

•
Satellite beam: The radio coverage formed by satellite service link.

•
Satellite beam: a beam generated by satellite. Its foot print on earth provides radio coverage to UE

-
Nokia prefers the second interpretation.  Ericsson is concerned that it is not clear what radio coverage is and we would have to go to RAN4.  Fraunhofer thinks that even footprint is not clear.  “
The agreement in RAN2#104 is: “Revise the current definition of satellite cell in TR 38.821 and refer to a satellite beam.  Definition of satellite beam can be discussed during email discussion. “
3.2
Possible definitions
3.2.1 3GPP
In LTE context (3GPP TS 36.300):  a “Cell” is defined as “combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources.”
In NR context (3GPP TS 36.800): a “Cell-Defining SSB” is defined as “an SSB with an RMSI associated”
Observation 1: In 3GPP, cells don’t refer to a defined radio coverage nor service/coverage area but instead, it refers to radio resources available from a UE point of view.

3.2.2 Wikipedia
A spot beam, in telecommunications parlance, is a satellite signal that is specially concentrated in power (i.e. sent by a high-gain antenna) so that it will cover only a limited geographic area on Earth. Spot beams are used so that only earth stations in a particular intended reception area can properly receive the satellite signal.
Observation 2: The challenge for the Wikipedia definition of spot beam is to define a radio coverage. It may well differ between DL and UL.

3.2.3 IEEE
footprint (of an antenna beam on a specified surface): An area bounded by a contour on a specified surface formed by the intersection of the surface and that portion of the beam of an antenna above a specified minimum gain level, the orientation of the beam with respect to the surface being specified.
Observation 3: The IEEE definition of footprint (of an antenna beam on a specified surface) presents the same issue as per the Wikipedia definition of spot beam.

3.3
Rational to select a definition for the satellite beam
Satellite features a radio link with user Equipment. This link is also referred as service link.

On the service link, the satellite generates satellite beams (steerable or not) on both down and up link. 

From a physical point of view a satellite cell could refer to the foot print of a satellite beam.

However, the downlink satellite beams may not necessarily be congruent with the uplink satellite beams. In other word, the foot print of the down link satellite beams may be different from the foot print of the uplink satellite beams.

Observation 4: downlink and uplink satellite beams may not be congruent so a cell in satellite context cannot be correlated with the satellite beam foot prints.

Observation 5: The radio coverage of satellite beams depends on the design and dimensioning of the on board antenna and radio transmission system of a particular satellite system. Besides the radio coverage may vary over time especially for LEO systems with steerable beams.
Observation 6: Moreover a satellite may generate satellite beams with “footprint” on earth overlap each other or are not contiguous. 

Observation 7: The same radio resources or frequency channel can be used in various satellite beams possibly on a time sharing basis.

3.4 Satellite beam definition proposals

Based on the above, organisations are encouraged to propose a definition for the satellite beam by January 30th, 2019.
	3GPP organisation
	“Satellite beam” definition proposal

	Ericsson
	As the relation between PCI and satellite beam is left for implementation the satellite beam definition will only be captured in TR to help discussion. Still our view is that terminology related to radio coverage is better to be left out. We propose the following:
Satellite beam: A beam footprint formed by satellite. One satellite can form multiple beams.
Or, leave out footprint if that is controversial
Satellite beam: A beam formed by satellite. One satellite can form multiple beams.
The last part can be left out if companies prefer.


	MediaTek
	We agree with E/// that the mapping between PCIs and beams/SSBs is up to network configuration. Since the UE is not aware of satellite beam, we should try and avoid the use of the “satellite beam” terminology as far as possible. 
In the satellite context, we think the use of the term footprint is perhaps more clear. So we prefer the first definition provided by E///. We would actually prefer replacing “footprint” with “beam spot”.


	Nokia
	We agree with Ericsson that the mapping between PCIs and beams/SSBs is up to network configuration and satellite beams are not directly ‘visible’ to the UE.
In order to avoid confusion when interpreting a one-liner definition, we propose to have a slightly extended definition by using parts of the agreed observations 4-7:

Satellite beam: A beam formed by the satellite onboard antenna system with footprint on earth. 

Furthermore:

· One satellite can form multiple beams

· downlink and uplink satellite beams may not be congruent so a 5G NR radio cell in satellite context is composed of a downlink satellite footprint and an uplink satellite footprint
· a satellite may generate satellite beams with “footprint” on earth which may overlap each other or may not be contiguous
· the same 5G NR radio resources and/or carrier frequency can be used in various satellite beams possibly on a time-sharing basis 

	Thales
	We propose the following definition:
Satellite beam: A Satellite beam  is a beam as defined in TS 38.104, and which is generated by an antenna array embarked on-board a satellite 
Furthermore the concept of “cell” as defined in 3GPP TS 36.300 should apply ‘as is’ in satellite access
 “Cell” is defined as “combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink

	
	


It is agreed to adopt the following definition for Satellite beam: “A beam generated by an antenna on-board a satellite”
There is no need to define NR cell since it is similar concept as for LTE.
4. Text Proposal for TR 38.821 v0.3.0
Start of changes
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Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Availability: % of time during which the RAN is available for the targeted communication. Unavailable communication for shorter period than [Y] ms shall not be counted. The RAN may contain several access network components among which an NTN to achieve multi-connectivity or link aggregation.

Feeder link: Wireless link between NTN Gateway and satellite

Geostationary Earth orbit: Circular orbit at 35,786 km above the Earth's equator and following the direction of the Earth's rotation. An object in such an orbit has an orbital period equal to the Earth's rotational period and thus appears motionless, at a fixed position in the sky, to ground observers.

Low Earth Orbit: Orbit around the Earth with an altitude between 300 km, and 1500 km.

Medium Earth Orbit: region of space around the Earth above low Earth orbit and below geostationary Earth Orbit.
Minimum Elevation angle: minimum angle under which the satellite or UAS platform can be seen by a terminal.
Mobile Services: a radio-communication service between mobile and land stations, or between mobile stations
Mobile Satellite Services: A radio-communication service between mobile earth stations and one or more space stations, or between space stations used by this service; or between mobile earth stations by means of one or more space stations
Non-Geostationary Satellites: Satellites (LEO and MEO) orbiting around the Earth with a period that varies approximately between 1.5 hour and 10 hours. It is necessary to have a constellation of several Non-Geostationary satellites associated with handover mechanisms to ensure a service continuity.

Non-terrestrial networks: Networks, or segments of networks, using an airborne or space-borne vehicle to embark a transmission equipment relay node or base station.

NTN-gateway: an earth station or gateway is located at the surface of Earth, and providing sufficient RF power and RF sensitivity for accessing to the satellite (resp. HAPS). NTN Gateway is a transport network layer (TNL) node.
On Board processing: digital processing carried out on uplink RF signals aboard a satellite or an aerial. 

On board NTN gNB: gNB implemented in the regenerative payload on board a satellite (respectively HAPS).
On ground NTN gNB: gNB of a transparent satellite (respectively HAPS) payload implemented on ground. 
One-way latency: time required to propagate through a telecommunication system from a terminal to the public data network or from the public data network to the terminal. This is especially used for voice and video conference applications.

Regenerative payload: payload that transforms and amplifies an uplink RF signal before transmitting it on the downlink. The transformation of the signal refers to digital processing that may include demodulation, decoding, re-encoding, re-modulation and/or filtering. 

Round Trip Delay: time required for a signal to travel from a terminal to the sat-gateway or from the sat-gateway to the terminal and back. This is especially used for web-based applications.

Satellite: a space-borne vehicle embarking a bent pipe payload or a regenerative payload telecommunication transmitter, placed into Low-Earth Orbit (LEO), Medium-Earth Orbit (MEO), or Geostationary Earth Orbit (GEO). 

Satellite beam: A beam generated by an antenna on-board a satellite 
Service link: Radio link between satellite and UE

Transparent payload: payload that changes the frequency carrier of the uplink RF signal, filters and amplifies it before transmitting it on the downlink 

Unmanned Aircraft Systems: Systems encompassing Tethered UAS (TUA), Lighter Than Air UAS (LTA), Heavier Than Air UAS (HTA), all operating in altitudes typically between 8 and 50 km including High Altitude Platforms (HAPs)

User Connectivity: capability to establish and maintain data / voice / video transfer between networks and Terminals

User Throughput: data rate provided to a terminal
3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

ECEF
Earth-Centered, Earth-Fixed
EIRP 
Equivalent Isotropic Radiated Power
FSS
Fixed Satellite Services

GEO
Geostationary Earth Orbiting

gNB
next Generation Node B

GW
Gateway

HAPS
High Altitude Platform Station

HEO
Highly Elliptical Orbiting

ISL
Inter-Satellite Links

LEO
Low Earth Orbiting

Mbps
Mega bit per second

MEO
Medium Earth Orbiting

MS
Mobile Services

MSS
Mobile Satellite Services

NAS-MM
Non-Access Stratum Mobility Management
NAS-SM
Non-Access Stratum Session Management
NGEO
Non-Geostationary Earth Orbiting

NTN 
Non-Terrestrial Network

RAN
Radio Access Network

RTD
Round Trip Delay

SNR 
Signal-to-Noise Ratio

Rx

Receiver

SRI
Satellite Radio Interface

TLE

Two-Line Element
UAS
Unmanned Aircraft System

UE:
User Equipment
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Radio protocol issues and related solutions
Editor’s note: to be drafted by RAN2

7.1
Requirements and key issues 

7.1.1 
Delay
In order to reduce the standardization work, the table here below identifies the worst case NTN scenarios to be considered for the delay constraint.

Table 8.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.75 ms (Worst case)
	270.57 ms
	28.41 ms
	12.88 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 ms
	238.57 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE
(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	Maximum delay difference within a NTN beam as seen by the UE
(note 3)
	16 ms (Worst case)
	4.44 ms

	Max rate of hand-over (FFS)
	
	
	
	
	
	

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design and radio resource management strategy in a given system.
NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario

NOTE 3: The delay difference compares the delay (function of UE-satellite-NTN gateway distance) experienced by two different UEs served by the same beam at a given time


When several non-terrestrial network scenarios feature a maximum in terms of delay constraints, it is sufficient to study only one of these scenarios.

· NTN Scenario based on GEO with transparent payload for RTD and delay difference constraints

· NTN Scenario based on LEO with transparent payload and moving beams for the delay variation related constraint

As per the duplex mode:

· Down-prioritize TDD in this study item
· There is no TDD-specific timing requirements and solutions on layer 2 due to propagation delay.

7.2 

User plane enhancements 

7.2.1 
MAC

Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable
Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
7.2.2 
RLC

Editor’s note: RAN2 will study impacts and possible enhancements at least to RLC reordering (e.g. timers and SN space)

Editor’s note: All RLC modes are supported.  

Editor’s note: Study the need to extend the RLC/PDCP SN and window sizes based on throughput requirements.
7.2.3 
PDCP

Editor’s note: RAN2 will study impacts and possible enhancements at least to PDCP reordering (e.g. timers and SN space)

7.2.4

SDAP

The SDAP layer is responsible for the mapping between QoS flows and DRBs [9]. It is not affected by the large round trip delays (RTD) occurring in NTN. There are no modifications needed in the SDAP layer to support non-terrestrial networks.
7.3 
Control plane enhancements

Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (cell reselection), TA management and update

Satellite beams or satellites  are not considered to be visible from UE perspective in NTN.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).   

Note: Rel-15 definitions are considered as a baseline for NTN

[image: image1]
Figure 7.3.1-1: Options for PCI and SSB mapping into satellite beams

Both options a) same PCI for several satellite beams and b) one PCI per satellite beam, can be considered in NTN with one or multiple SSBs per SSBurst (PCI).

The association between satellite beams and NR SSBs is left for implementation (i.e. it will not be specified)

Two different type of UE categories are considered in this study: 1) with GNSS support, 2) without GNSS support

As per tracking area:

· For GEO, the current tracking area management is assumed as a baseline

· For LEO with moving beams study fixed and moving tracking area solutions
7.3.1 
Idle mode mobility enhancements
7.3.2 
Connected mode mobility enhancements
Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)
7.3.3 
Paging issue
Editor’s note: RAN2 will study impacts and possible enhancements to TA management and update and report to RAN3
7.3.4 
Radio Link Monitoring

7.3.5 
TBD

Editor’s note, section can be added based on enhancements identified to be studied

End of changes
Start of changes
Annex A: Satellite ephemeris


A.1
Key parameters
 Key parameters of orbital mechanics of all commercial satellites are publicly available from multiple sources.  This information is called ephemeris, which is used by astronomers to describe the location and orbital behaviour of stars and any other astronomic bodies.

Typically, ephemeris is expressed in an ASCII file using Two-Line Element (TLE) format.  The TLE data format encodes a list of orbital elements of an Earth-orbiting object in two 70-column lines. The contents of the TLE tableare reproduced below. 

Table A.1-1: First line of the ephemeris
	Field
	Columns 
	Content 

	1
	01–01
	Line number (1) 

	2
	03–07
	Satellite number

	3
	08–08
	Classification (U=Unclassified)

	4
	10–11
	International Designator (Last two digits of launch year)

	5
	12–14
	International Designator (Launch number of the year)

	6
	15–17
	International Designator (piece of the launch)

	7
	19–20
	Epoch Year (last two digits of year)

	8
	21–32
	Epoch (day of the year and fractional portion of the day)

	9
	34–43
	First Time Derivative of the Mean Motion divided by two

	10
	45–52
	Second Time Derivative of Mean Motion divided by six (decimal point assumed)

	11
	54–61
	BSTAR drag term (decimal point assumed)

	12
	63–63
	The number 0 (originally this should have been "Ephemeris type")

	13
	65–68
	Element set number. Incremented when a new TLE is generated for this object.

	14
	69–69
	Checksum (modulo 10)


Table 1.1-2: Second line of the ephemeris
	Field
	Columns
	Content

	1
	01–01
	Line number (2)

	2
	03–07
	Satellite number

	3
	09–16
	Inclination (degrees)

	4
	18–25
	Right ascension of the ascending node (degrees)

	5
	27–33
	Eccentricity (decimal point assumed)

	6
	35–42
	Argument of perigee (degrees)

	7
	44–51
	Mean Anomaly (degrees)

	8
	53–63
	Mean Motion (revolutions per day)

	9
	64–68
	Revolution number at epoch (revolutions)

	10
	69–69
	Checksum (modulo 10)


The TLE format is an expression of mean orbital parameters “True Equator, Mean Equinox”, filtering out short term perturbations. 

From its TLE format data, the SGP4 (Simplified General Propagation) model [10] is used to calculate the location of the space object revolving about the earth in True Equator Mean Equinox (TEME) coordinate. Then it can be converted into the Earth-Centered, Earth-Fixed (ECEF) Cartesian x, y, z coordinate as a function of time.

The instantaneous velocity at that time can also be obtained. In ECEF coordinate, z-axis points to the true North, while x axis and y axis intersects 0-degres latitude and longitude respectively as illustrated below.
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Figure A.1-1: Earth-Centered, Earth-Fixed (ECEF) coordinates in relation to latitude and longitude (source https://en.wikipedia.org/wiki/ECEF)
An example of ephemeris converted into ECEF format for the Telestar-19 satellite is shown below as an example below.
	Epoch (day, hr, min, sec)
	X[km]
	Y[km]
	Z[km]
	dX/dt[km/s]
	dY/dt[km/s]
	dZ/dt [km/s]

	2018-10-26 02:00:00.000
	19151.529
	-37578.251
	17.682
	-0.00151
	-0.00102
	-0.00106

	2018-10-26 02:05:00.000
	19151.073
	-37578.556
	17.359
	-0.00152
	-0.00101
	-0.00109

	2018-10-26 02:10:00.000
	19150.614
	-37578.855
	17.029
	-0.00154
	-0.00099
	-0.00112

	2018-10-26 02:15:00.000
	19150.150
	-37579.151
	16.690
	-0.00155
	-0.00098
	-0.00114


. . .

Given a specific point in time, it is straightforward to calculate the satellite location by interpolation.  The example given above refers to a geosynchronous (GEO) satellite, in which the epoch interval is 5 minutes.  For LEO satellites, the intervals may be much shorter, on the order of seconds.
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