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EGPRS2 USF performance and design
1 Introduction

The Uplink State Flag, USF, is used by the base station to schedule mobile stations for uplink transmission. For EGPRS and EGPRS2 the USF is separately coded from the header and the data and is designed to be transmitted to mobile stations irrespective of the DL receiver of the data field(s) in the radio block.

This contribution evaluates the USF performance of both EGPRS and EGPRS2 and proposes changes in the design for a more robust USF performance for EGPRS2-A.

2 Background

In order for the base station to schedule the mobiles irrespective of the data block receiver, the USFs should, ideally, be equally robust irrespective of the USF value and the modulation used.

For EGPRS the USF bits for:

· GMSK are placed on different positions for each burst
· 8PSK are placed on the same position for each burst. Bit swapping is used to place USF bits only on strong bit position

For EGPRS2-A the USF bits for:

· 8PSK are reused from EGPRS

· 16QAM and 32QAM are placed on full symbols to the right of the training sequence using quaternary code points

For EGPRS2-B the USF bits for:

· QPSK, 16QAM and 32QAM are placed on full symbols to the right of the training sequence using antipodal code points

3 Simulation results

3.1 Simulation assumptions

Table 1 Simulation assumptions

	Parameter
	Value

	Modulation 
	GMSK/8PSK/16QAM/32QAM (NSR)

QPSK/16QAM/32QAM (HSR)

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, No

	Interference/Noise
	Sensitivity

Co-Channel GMSK

	Antenna diversity
	No

	TSC Carrier
	TSC 0

	TSC Interferer
	Random bits

	Receiver type
	 

	Impairments
	Typical TX and RX impairments

	Frames
	100000


3.2 Current USF performance
The performance of the currently defined USF code words in 3GPP TS 45.003, see [1], has been evaluated in both sensitivity and co-channel interfered scenario. For details of the performance plots, see Annex B.
It can be seen that the performance is quite different depending on modulation and symbol rate. The maximum spread in performance for each modulation and symbol rate is summarized in Table 2 for the sensitivity performance.

Table 2. Maximum difference in USF performance per modulation, sensitivity.
	Modulation
	Min perf.
	Max perf.
	Spread

	GMSK
	3.6
	3.8
	0.2

	8PSK
	2.7
	3.9
	1.2

	16QAM, NSR
	0.5
	2.7
	2.2

	32QAM, NSR
	1.2
	4.5
	3.3

	QPSK, HSR
	1.9
	2.7
	0.8

	16QAM, HSR
	-0.4
	0.8
	1.6

	32QAM, HSR
	0.2
	1.6
	1.4


As can be seen the spread in performance is lower than 2 dB for all modulations except 16QAM and 32QAM at normal symbol rate, with 32QAM at normal symbol rate having a spread of 3.3 dB.
3.2.1 Modified USF performance, 16QAM and 32QAM normal symbol rate
In order to get a robust USF design for 16QAM, NSR and 32QAM, NSR, new USF codes have been considered which has high signal energy during the USF code words while keeping good properties of the USF code, both over all and separate bursts. The same principle has been used for both modulations.

The proposed code words are shown in Annex A.
In Figure 8 the 16QAM USF performance is shown for the currently defined USF code and for the proposed code. The performance of each USF value as well as the mean performance (bold lines) is shown.
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Figure 8. 16QAM, NSR USF performance for sensitivity limited scenario (left) and interference limited scenario (right).

It can be seen that the performance of the new USF code word (red, dotted lines) is similar for all USF values while the current code word has a spread larger than 2 dB for the sensitivity limited scenario and larger than 1 dB for the interference limited scenario. The new USF word has 0.9 dB improved mean performance in sensitivity while experiencing the same performance in the interference scenario.
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Figure 9. 32QAM, NSR USF performance for interference limited scenario (left) and sensitivity limited scenario (right).

For 32QAM there is even a larger spread in performance with 3.3 dB difference between code word USF=0 and USF=6 in the sensitivity limited scenario. However, the new USF code word experiences 0.8 dB spread and has a 1.7 dB gain in mean performance compared to the current ones. In the interference limited scenario a gain of 0.4 dB gain in mean performance is seen. Also in this case the spread in performance between different code words is significantly reduced.

4 Conclusion

In this paper the performance of EGPRS and EGPRS2 USF code words have been investigated. It was found that the largest spread in performance between different USF values was for 16QAM and 32QAM at normal symbol rate.
A new design of USF code words for 16QAM, NSR and 32QAM, NSR has been presented and evaluated. The new code words yields a much lower spread between different USF values a gain in mean performance in both sensitivity and interference limited scenarios. The largest performance difference is for 32QAM, NSR where a 1.7 dB gain is seen in mean performance in sensitivity.
The sourcing company encourages the GERAN WG1 group to consider these finding and the corresponding CRs to 45.003, see [2].
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Annex A USF code words
A.1 16QAM, normal symbol rate

	u(0),u(1),u(2)
	u’(0),u’(1),...,u’(47)

	
	burst 0
	burst 1
	burst 2
	burst 3

	000
	0  1  1  1  1  1  1  1  1  1  1  1
	1  1  1  1  1  1  1  1  1  0  1  1
	0  0  1  1  0  1  1  1  0  1  1  1
	1  1  1  1  1  0  1  1  1  0  1  1

	001
	0  0  1  1  0  0  1  1  0  1  1  1
	0  0  1  1  0  1  1  1  0  1  1  1
	0  0  1  1  0  0  1  1  0  1  1  1
	0  0  1  1  0  0  1  1  0  1  1  1

	010
	0  1  1  1  0  1  1  1  1  1  1  1
	0  0  1  1  0  0  1  1  0  1  1  1
	1  1  1  1  1  1  1  1  1  0  1  1
	0  0  1  1  0  1  1  1  1  1  1  1

	011
	1  1  1  1  1  0  1  1  0  0  1  1
	1  0  1  1  0  0  1  1  0  0  1  1
	0  1  1  1  0  1  1  1  1  1  1  1
	1  0  1  1  1  0  1  1  0  0  1  1

	100
	0  0  1  1  0  1  1  1  0  1  1  1
	0  1  1  1  1  1  1  1  1  1  1  1
	1  0  1  1  1  0  1  1  0  0  1  1
	1  1  1  1  1  1  1  1  1  0  1  1

	101
	1  0  1  1  0  0  1  1  0  0  1  1
	1  0  1  1  1  0  1  1  1  0  1  1
	0  1  1  1  1  1  1  1  1  1  1  1
	0  1  1  1  1  1  1  1  1  1  1  1

	110
	1  1  1  1  1  1  1  1  1  0  1  1
	1  1  1  1  1  0  1  1  0  0  1  1
	1  0  1  1  0  0  1  1  0  0  1  1
	0  1  1  1  0  1  1  1  0  1  1  1

	111
	1  0  1  1  1  0  1  1  1  0  1  1
	0  1  1  1  0  1  1  1  1  1  1  1
	1  1  1  1  1  0  1  1  1  0  1  1
	1  0  1  1  0  0  1  1  0  0  1  1


A.2 32QAM, normal symbol rate

	 u(0),u(1),u(2)
	u’(0),u’(1),...,u’(47)

	
	burst 0
	burst 1
	burst 2
	burst 3

	000
	0  0  1  1  0  0  0  0  0  0  0  0  0  0  0
	0  0  0  0  0  0  0  0  0  0  1  0  1  0  0
	1  0  0  1  0  0  0  1  1  0  0  0  1  1  0
	0  0  0  0  0  1  0  1  0  0  1  0  1  0  0

	001
	1  0  0  1  0  1  0  0  1  0  0  0  1  1  0
	1  0  0  1  0  0  0  1  1  0  0  0  1  1  0
	1  0  0  1  0  1  0  0  1  0  0  0  1  1  0
	1  0  0  1  0  1  0  0  1  0  0  0  1  1  0

	010
	0  0  1  1  0  0  0  1  1  0  0  0  0  0  0
	1  0  0  1  0  1  0  0  1  0  0  0  1  1  0
	0  0  0  0  0  0  0  0  0  0  1  0  1  0  0
	1  0  0  1  0  0  0  1  1  0  0  0  0  0  0

	011
	0  0  0  0  0  1  0  1  0  0  1  0  0  1  0
	1  0  1  0  0  1  0  0  1  0  1  0  0  1  0
	0  0  1  1  0  0  0  1  1  0  0  0  0  0  0
	1  0  1  0  0  1  0  1  0  0  1  0  0  1  0

	100
	1  0  0  1  0  0  0  1  1  0  0  0  1  1  0
	0  0  1  1  0  0  0  0  0  0  0  0  0  0  0
	1  0  1  0  0  1  0  1  0  0  1  0  0  1  0
	0  0  0  0  0  0  0  0  0  0  1  0  1  0  0

	101
	0  0  0  0  0  0  0  0  0  0  1  0  1  0  0
	0  0  0  0  0  1  0  1  0  0  1  0  0  1  0
	1  0  1  0  0  1  0  0  1  0  1  0  0  1  0
	0  0  1  1  0  0  0  1  1  0  0  0  1  1  0

	110
	1  0  1  0  0  1  0  0  1  0  1  0  0  1  0
	1  0  1  0  0  1  0  1  0  0  1  0  1  0  0
	0  0  1  1  0  0  0  0  0  0  0  0  0  0  0
	0  0  1  1  0  0  0  0  0  0  0  0  0  0  0

	111
	1  0  1  0  0  1  0  1  0  0  1  0  1  0  0
	0  0  1  1  0  0  0  1  1  0  0  0  0  0  0
	0  0  0  0  0  1  0  1  0  0  1  0  1  0  0
	1  0  1  0  0  1  0  0  1  0  1  0  0  1  0


Annex B USF performance
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Figure 1. USF performance GMSK (MCS-1)
	[image: image7.png]USFBLER

10

USF=0
UsF=1
UsF=z
UsF=3
USF=4.

35
Es/ND [dB]

45




	[image: image8.png]USFBLER

10

10

USF=0
UsF=1
UsF=z
UsF=3
USF=4.

21

22

23

24

25
il (o8]

28

27

28

FERE]






Figure 2. USF performance 8PSK (MCS-5)
	[image: image9.png]USFBLER

10

—— usF=0
—— usF=1
—— usF=z

[5

15
Es/ND [dB]

25 3




	[image: image10.png]USFBLER

10

USF=0
UsF=1
UsF=z
UsF=3
USF=4.

i [o8)

15







Figure 3. USF performance 16QAM, NSR (DAS-8)
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Figure 4. USF performance 32QAM, NSR (DAS10)
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Figure 5. USF performance QPSK, HSR (DBS-5)
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Figure 6. USF performance 16QAM, HSR (DBS-7)
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Figure 7. USF performance 32QAM, HSR (DBS-10)
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