3GPP TSG GERAN#36

Tdoc GP-071719
Vancouver, Canada

Agenda item 7.1.5.4
November 12th-16th, 2007

Source: Telefon AB LM Ericsson

3GPP TSG GERAN#36

Tdoc GP-071719

USF performance for EGPRS2 
1 Introduction

At the 9th telephone conference on RED HOT and HUGE an alternative USF coding to the current working assumption of antipodal codes were proposed. The new proposal uses quaternary symbol constellations which, as for antipodal symbols, give a large energy but also superior performance in a TU3iFH, see ‎[5].

In this paper the new proposed USF codes are compared to the antipodal codes in both interference limited and sensitivity limited scenarios.

2 USF encoding

Only code words for RED HOT A have been considered. However, the conclusions regarding the USF coding principle also apply to RED HOT B, irrespective of the use of common USF multiplexing, see ‎[4], or not.
2.1 Antipodal symbol code

In ‎[3] a set of USF code words were presented for RED HOT A, which bases on an antipodal symbol constellation for the USF coding. If the antipodal symbols are chosen to maximize the Euclidean distance the symbol energy is also maximized. 
2.2 Quaternary symbol code for 16QAM
Using a quaternary symbol constellation for 16QAM would enable maximized energy of the USF symbols while also allowing for more flexibility in designing bit code words with good Hamming distance compared to only using antipodal constellation points. By using quaternary symbols 16QAM can be reduced to a QPSK-like constellation.
2.3 Quaternary symbol code for 32QAM

A quaternary symbol constellation can be chosen in different ways for 32QAM. In this paper we have only investigated a square constellation based on the results presented in ‎[5]. 
3 Results
The USF performance has been evaluated for RED HOT A with different USF codes as described in Section ‎2. 
For the interference limited scenario it is assumed that the mean burst energy is kept at 0 dB (relative to the mean energy of the constellation). Thus, using a USF coding scheme with maximized energy will result in a small backoff of the whole burst.
For the sensitivity limited scenarios the PAR of each modulation has been used as backoff. The PAR used is seen in Table 1.
Table 1. Peak-to-Average Ratio.
	Modulation
	PAR [dB]

	GMSK
	0

	16QAM
	5.3

	32QAM
	5.6


The USF codes are evaluated at 1 % USF BLER.

In ‎Annex A the simulations assumptions and performance figures are in detail presented.
3.1 USF performance

The required C/I to obtain 1 % USF BLER is shown in Table 2. It can be seen that there is a gain for all scenarios by using quaternary symbol code words instead of antipodal ones. The gain is between 0.15 – 1.25 dB.

Detailed figures of all simulations are shown in ‎A.2.

Table 2. C/I at 1% USF BLER.
	Scenario
	GMSK, EGPRS [dB]
	Antipodal [dB]
	Quaternary [dB]
	Gain* (Quaternary vs. Antipodal) [dB]

	
	
	16QAM
	32QAM
	16QAM
	32QAM
	16QAM
	32QAM

	TU3iFH
	Interf.
	4.2
	1.75
	2.1
	1.1
	1.8
	0.65
	0.3

	
	Sens.
	3.1
	8.15
	9.15
	7.0
	8.7
	1.15
	0.45

	TU50nFH
	Interf.
	5.9
	3.2
	3.65
	2.9
	3.5
	0.3
	0.3

	
	Sens.
	4.5
	9.45
	10.35
	8.2
	9.8
	1.25
	0.55

	HT100nFH
	Interf.
	5.35
	3.15
	3.45
	2.45
	3.3
	0.7
	0.15

	
	Sens,
	4.3
	9.2
	10.2
	8.0
	9.7
	1.20
	0.50


* A positive gain shows quaternary symbols codes superior to antipodal ones.
NOTE: A large gain is seen for the higher order modulations compared to GMSK in the interference limited scenarios, which is mainly due to the larger energy used in the USF symbols for the antipodal and quaternary USF codes.

4 Conclusions

From simulations it has been shown that using a quaternary symbol constellation when constructing USF codes is superior to using antipodal code points. A gain is obtained for all investigated scenarios, with a SINR gain at 1 % USF BLER of 0.15 - 1.25 dB.
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A.1 Simulation assumptions

	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Hilly Terrain (HT)

	Terminal speed
	3 km/h (TU)

50 km/h (TU)

100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)
No (TU, HT)

	Interference/noise
	Co-channel (single antenna receiver)

	Antenna diversity
	No (RED HOT)

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC1
   240 kHz

	RRC rolloff
	0.3

	Simulation length
	50000 radio blocks per simulation point

	Note 1: The 3 dB bandwidth of the RRC filter.


A.2 USF performance
A.2.1  16QAM
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Figure 1. USF performance, co-channel interference (no backoff).
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Figure 2. USF performance, sensitivity limited (backoff used).
A.2.2  32QAM
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Figure 3. USF performance, co-channel interference (no backoff).
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Figure 4. USF performance, sensitivity limited (backoff used).
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