3GPP TSG RAN WG4 (Radio) Meeting #33
R4-040592

Yokohama, Japan, 15 - 19 November 2004

Source:
Alcatel 

Title:
Parameters of an S-UMTS system to be used in compatibility studies between the terrestrial and the satellite component of IMT-2000
Agenda item:
4 

Document for :          Discussion

Contact:
Beatrice Martin (Beatrice.Martin@space.alcatel.fr)

1 
Introduction

The S-UMTS system aims to complement terrestrial 2G/3G networks for point-to-point communications and Satellite MBMS. It uses the W-CDMA UTRA FDD air interface defined by 3GPP.

The system is flexible enough to allow terrestrial repetition in MSS (Mobile Satellite Service) frequency band, in highly shadowed areas (such as cities) to ensure coverage continuity.
The following figure depicts the different radio links involved in the satellite component of S-UMTS system and the associated frequency bands.
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Figure 1 - Radio link of satellite component of S-UMTS system

The MSS (Mobile Satellite Service) frequency spectrum is adjacent to terrestrial UMTS spectrum :
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2 
Satellite segment

The GSO (geo-stationary) reference system was selected for a realistic S-UMTS implementation example.
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Figure 2 -Examples of S-UMTS satellite configuration
The exact satellite longitudes are still to be determined. 10°E is a good candidate orbital position. 

2.1 
S-UMTS forward link  

2.1.1 RF performance

RF performance are summarised in the following table.



Multibeam

Downlink Frequency (satellite to UE)
MHz
2170 – 2200

UARCFN

10 862 to 10 988

Downlink Polarisation

LHCP or RHCP

EIRP Max
dBW
76 dBW  

Useful Bandwidth 
MHz
4.68 (3.84 Mc/s, 1.22 roll-off factor)

Table 1 - S-UMTS Downlink RF performance

2.1.2 Out of band emissions

The S-UMTS payload has been simulated, and the resulting out-of-band emission mask is provided in Figure 3 below. This mask takes into consideration:

· The payload thermal noise contribution

· The signal intermodulation products through the amplification chain

· The output filter: The performance of the assumed filter is below what the state-of-the-art permits. The choice of the filtering technique is the result of various trade-off which are not finalized at this stage.


Figure 3 - S-UMTS satellite spectrum mask

It should be noted that this mask is compliant with the ITU-R Recommendation SM-329-9 for spurious emissions, and with SM-1541 for Out-of-Band emissions.

Figure 3 also shows the ACLR (Adjacent Channel Leakage Ratio) into an adjacent IMT-2000 channel, as a function of the channel spacing.

The resulting satellite ACLR figures for standard channel spacing are provided below:


5 MHz channel spacing
10 MHz channel spacing

ACLR (dB)
24.6
> 50 dB

2.2 S-UMTS return link

The satellite RF characteristics for the return link are given in Table 2. 

Uplink Frequency (UE to satellite)
1980 - 2010 MHz

UARCFN
9 912 to 10 038

Protection requirement at the satellite receiver
ΔT/T < 50%

System noise temperature (K)
550

Useful bandwidth per FDM (MHz)
4.68 (3.84 Mchip/s, 
1.22 roll-off factor)

Table 2 - S-UMTS return link RF performance
3 Terrestrial repeaters segment

In a first step, the repeaters are considered uni-directional, i.e. operating in downlink direction only. Uplink direction is FFS.

Two kinds of architectures can be envisaged : 

· “On-channel” repeaters use the same band for signal reception and retransmission. These repeaters have a limited gain of around 80dB (to avoid self oscillation) and offer narrow coverage.

· “Non on-channel” repeaters use different frequency bands for signal reception and retransmission. They enable to achieve wider coverage than on-channel repeaters, but require an additional frequency band for feeding (FSS Band). Within this category, different sub-categories are envisaged:

a) simple frequency conversion repeaters: Ka to MSS band.

b) S-Node B repeaters : the satellite-to-repeater feeder link acts as a backhauling link, and connects to the repeater through a standard Iub interface. 

c) Radio Network Subsystem Package : In this configuration, there is a single satellite access point shared by several S-Node B repeaters. The local distribution of the S-UMTS signal relies on S-RNC. This architecture can be envisaged for connecting several indoor pico-cells, or local outdoor islands.

The Rx antenna (receiving the signal from the satellite) associated with the terrestrial repeater is positioned in line of sight with the satellite. Terrestrial repeaters can be easily collocated to 3GPP node B sites to provide the same coverage. 

Terrestrial repeaters RF performance are summarised in the following table.

Transmit frequency (MHz)
2 170-2 200 

Transmit polarisation
Vertical

Coverage area (°)
Up to 360° (i.e. 120° per sector)

Terrestrial repeater classes
Wide area repeaters for macrocell application
Medium range repeaters for microcell
Local area repeaters for picocell

Assumed height of terrestrial repeaters (m)
30
6
6

Maximum output power (dBm)
43
30
24

Maximum Antenna gain (tx) (dBi)
15
6
0

Transmission mask
Compliant with the 3GPP requirements for Base Station in [2] as illustrated in Figure 4.

ACLR (Adjacent Channel Leakage ratio) as a function of carrier separation – from [1]
5MHz
10MHz
15MHz


45 dB
50 dB
67 dB

Table 3 - S-UMTS terrestrial repeater – RF performance
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Figure 4 - Illustration of the terrestrial repeaters transmission mask

4 
User Equipment

4.1 RF performances

User Equipment (UE) may be of several types, as figured below :
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Figure 10 –UE configurations

· 3G standardised handset : This type of terminal is based on a single multi-mode 2G/3G handset able to in parallel receive the S-UMTS signal (W-CDMA radio interface) and to establish point-to-point terrestrial connections. This type of terminal could pertain to 3GPP power classes 1, 2 or 3.

· Portable : The portable configuration is built with a notebook PC to which an external antenna is appended.

· Vehicular : The vehicular configuration is obtained by installing on car roof a RF module connected to the UE in the cockpit.

· Transportable : The transportable configuration is built with a notebook which cover contains flat patch antennas. This type of terminal is more dedicated to uses outside terrestrial coverage, and will offer higher bit rate return link capabilities.

The power and gain characteristics for the four UE configurations are summarised in the table below :

UE type
Maximum transmit power
Maximum Antenna Gain
Maximum EIRP

3G Handset




Class 1
2W (33 Dbm)
0 dBi
3 dBW

Class 2
500 mW  (27 dBm)
0 dBi
-3 dBW

Class 3
250 mW (24 dBm)
0 dBi
-6 dBW

Portable
2 W (33 dBm)
2 dBi
5 dBW

Vehicular
8 W (39 dBm)
4 dBi
13 dBW

Transportable
2 W (33 dBm)
14 dBi
17 dBW

Table 4 - UE maximum transmit power, antenna gain and EIRP

The UE RF performances are given in the table below :

Receive frequency (MHz)
2 170-2 200 

Transmit frequency
 1980-2010

Receive polarisation
Linear

Transmit polarisation
Linear

Noise figure
9 dB

Receiver noise floor
-99 dBm

Maximum output power
24/27/33/39 dBm

Antenna gain
0/2/4/14 dBi

Transmission mask
Compliant with 3GPP UE requirements (ref. TS 25.101)

ACLR (Adjacent Channel Leakage Ratio) as a function of carrier separation (from TS 25.101)
5 MHz
10 MHz


33 dB
43 dB

ACS (Adjacent Channel Selectivity) as a function of carrier separation
(from TS 25.101)
5 MHz
10 MHz


33 dB
43 dB

Table 5 - UE RF performances

4.2 Protection requirements of S-UMTS UE reception against external interference:

Protection criteria are developed in this section with respect to three test services, speech 4.75 kbps, data 64 and 384kbps, for UE located at an averaged 30° elevation, in 2 types of environments :

· Rural, i.e. Line Of Sight view of the satellite (orthogonality is 99 % preserved) 

· Urban outdoor with terrestrial repeaters deployment (low power configuration)

The following table gives protection requirements in terms of C/(N+I) for test services to be used in sharing studies. 

The capacity is extracted from an illustrative satellite constellation described in ETSI TR 102 058 (ref. [1]), near to centre of satellite spot (i.e. theoretic capacity), not including degradation  due to adjacent networks interference (T-UMTS). 

Test Service
Eb/Nt*
C/N+I**

Rural

328 kbps (138 * 4.75 kbps)***

2.3 Mbps (36*64 kbps)

2.7 Mbps (7*384 kbps)
10.7 dB

5.9 dB

5.5 dB
-18.3 dB

-11.9 dB

-4.5 dB

Urban outdoor

703 kbps (296* 4.75 kbps)***

1.98 Mbps (31*64 kbps)

1.9 Mbps (5*384 kbps)
13.2 dB

9 dB

9.3 dB
-15.8 dB

-8.8 dB

-0.7 dB

Table 6 - Test services protection requirements

* : Eb/Nt figures are extracted from ETSI TR 102 058 (ref. [1])

**: C/(N+I) = (Eb/Nt) – Processing Gain (dB).

*** : traffic activity factor = 0.5, capacity restricted due to return link limitations

It has to be noted that these protection criterion should be used for interference assessments when the S-UMTS terminal receives the signal either directly from the satellite, or from the terrestrial repeaters.
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6 Acronyms

ACLR
:
Adjacent Channel Leakage power Ratio.

ACS
:
Adjacent Channel Selectivity.

FSS
:
Fixed Satellite Service

GSO
:
Geo-stationary

MSS
:
Mobile Satellite Service

S-NB
:
Satellite Node B

S-RNC
:
Satellite RNC

S-UMTS
:
Satellite UMTS

T-UMTS
:
Terrestrial UMTS

UARFCN
:
USRA Absolute Radio Frequency Channel Number

USRA
:
UMTS Satellite Radio Access
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