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a) Poll every 1PDU 

 

b) Poll every 8 PDUs 

Figure 134: GAUSS RLC simulation results (8 PDUs transmitted) 
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a) Poll every 1PDU 

 

b) Poll every 8 PDUs 

Figure 135: GAUSS RLC simulation results (100 PDUs transmitted) 
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a) Poll every 1 PDU, ReTx avoidance 

 

b) Poll every 8 PDUs 

Figure 136: GAUSS RLC simulation results (8 PDUs transmitted) 
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a) Poll every 1 PDU, ReTx avoidance 

 

b) Poll every 8 PDUs 

Figure 137: GAUSS RLC simulation results (100 PDUs transmitted) 
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Figure 138: Efficiency gains 

H.5 GAUSS forward link physical layer  
According to the S-UMTS specifications, the physical layer of the forward link in GAUSS has been based on the  
Primary Common Control Physical Channel (P-CCPCH) used as a 2nd Secondary Common Control Physical Channel 
(S-CCPCH) in order to map on it the Forward Access Channel (FACH) transport channel. 

Each TB 600 bits long, coming from the Medium Access Control (MAC) layer was formatted into four frames 
introducing an adaptation overhead which transforms the original TB into an encoded TB (ETB) of 736 bits. A 
Transmit Time Interval (TTI) of 1 280 msec was adopted obtaining 320 msec as physical frame duration. The resulting 
information bit rate is then ETB/TTI = 575 bits/sec. After applying a 1/3 code rate and inserting the Pilot Symbol (PS) 
and Frame Sync Word (FSW) a channel bit rate of 3,75 Kbps is achieved corresponding to a QPSK Symbol Rate (SR) 
of 1,875 Ksps. The UMTS standard specifies a 256 Spreading Factor (SF) for the P-CCPCH so the chip rate required to 
transmit the P-CCPCH is SR × SF = 480 Kcps. This chip rate was obtained, also according to the bandwidth available 
at the Gateway Station (GW), scaling the standard UMTS chip rate (3,84 Mcps) by 8. 

The acquisition processing at the user terminal (UT) side is based on a matched filter exploiting the property of the 
Gold code imposed to the transmitted string. The first 256 bits of this code are correlated and submitted to a threshold 
process in order to obtain a synchronization whose precision is 1/2 chip. At the same time the acquisition also performs 
a coarse carrier frequency recovery within an error of ±1,875 KHz. The resulting mean acquisition time, estimated on 
many acquisition trials carried out at laboratory level, is about 300 msec. 

The steady state at the end of the acquisition phase is controlled and assured by three loops working in parallel: The 
Delay Locked Loop (DDL), the Automatic Frequency Control (AFC) loop and the Automatic Gain Control (AGC) 
loop. 

The DLL concerns the timing recovery and it is based on an early-late algorithm modifying the impulse response of the 
Square Root Risen Cosine (SRRC) input filter according to the delay found by the error detector. The AFC loop allows 
a carrier frequency tracking within a range of ±100 Hz when stimulated by a frequency step. Finally the AGC loop is 
used to force the signal amplitude to that necessary for the next de-spreading and de-scrambling algorithms. 

The performances achieved for the P-CCPCH of the forward link are reported in Figure 139. 
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Figure 139: Performances of the forward link P-CCPCH 

Both the uncoded and coded BER curves are shown. An implementation loss less than 1 dB was obtained (as it is 
possible verify looking at the theoretical lower bounds reported in the picture) including the fixed point approximation 
of the digital processing and the losses due to the analog processing (ADC, DAC and filters). 

H.6 GAUSS return link physical layer  
The design of Return Link of the GAUSS Demonstrator was specifically tailored to the needs of the GAUSS location 
based services, i.e. the return link had to support highly bursty, low rate data services. Therefore delay was a minor 
issue in the return link. Nevertheless all components in the link were designed to be close to real-time operation. Since 
for simplicity reasons the components from different partners of the project were connected with serial interfaces and 
non-real-time operating systems were used, a careful design of the communication via these serial interfaces and of the 
host software on the physical layer hardware was mandatory. 

In the GAUSS Demonstrator two transport channels were provided: a random access channel (RACH), which is 
specified in the S-UMTS standardization documents and an additional GAUSS packet channel (GPCH) providing a 
non-continuous packet transmission. The time scale in the return link is divided in consecutive super frames as depicted 
below. During RACH periods the user terminals are allowed to issue requests for transmission capacity based on a 
slotted ALOHA scheme. The scheduler in the gateway station then allocates GPCH slots according to the request and 
transmits this information via the forward link to the user terminal. Now the user terminal can transmit its data on a 
contention-free basis. Since all mobile terminals have timing and positioning information from the GAUSS navigation 
subsystem, it is possible to synchronize the return link signals in such a way that they are (quasi) synchronous at the 
satellite receiver. Since the burst duration in comparison with the round trip delay is very low, closed loop power 
control inherently is not meaningful for the GAUSS services. 
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Figure 140: GAUSS RL main characteristics 

In the RL Super Frame, the data part is reserved by the GW as a response to a random access message. A GAUSS super 
frame is divided into a data interval of length TD and a reservation interval of length Tres, which is subdivided into NR 

random access intervals of equal length TR. Whenever a MT wants to transmit a GAUSS message it randomly selects a 

random access interval and a spreading code out of a code set with NC codes. Only a unique MT identifier, the number 
of bits to transmit and some QoS flags are spread with the selected code and transmitted in the selected random access 
interval. The scheduler in the GW allocates return link capacity, i.e. it decides in which time interval and which 
spreading code the MT has to transmit its data. The described random access scheme can be seen as NR* NC parallel 
slotted ALOHA channels. This corresponds to a sparsely loaded slotted ALOHA system with low bandwidth efficiency. 
But if Tres can be chosen much smaller than TD the inefficient used random access interval does not effect the 
bandwidth efficiency of the whole transmission. 

The mapping of transport blocks to radio frames and the air interface is designed to be compliant to the S/T-UMTS 
standards. An additional physical channel is introduced on which the GW receiver searches for transmitted signal in a 
wide frequency range. This Synchronization Emulation CHannel (SECH) is invisible to the upper layers and emulates 
the tight coupling of the forward and return link in real systems where the UT is roughly synchronized to the GW. The 
GAUSS Demonstrator aimed at very low rate data services and operates on a chip clock, which is eight times lower 
than in S/T-UMTS. Therefore the symbol duration in GAUSS was very long and frequency offsets had to be 
compensated very carefully. This required very accurate frequency estimation and tracking algorithms in the GW 
receiver. In order to emulate additional users in the return link, a traffic generator was included at the GW, which was 
synchronized to the access scheme in the return link. 
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