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Improved USF coding for RED HOT B
1. Introduction

USF coding for RED HOT B was agreed at GERAN#35. The coding agreed was based on antipodal symbol mapping using 4 symbols per burst [1]. In this contribution an improvement to the code agreed for the USF is proposed. It is shown that significant gains in the performance can be achieved with this modification.  

2. Modified USF code
The code words agreed for USF for RED HOT B are given below in Figure 1. 
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Figure 1: Current USF code
It can be seen in the above code that e.g. the USF code words for USF=000 and USF=110 in B0 and B2 (Burst 0 and Burst 2) carry exactly the same coded bits. The USF code words for USF=000 and USF=001 in B1 and B3 also carry the same coded bits. This means even receiving two bursts out of 4 correctly might still be insufficient to decode the USF. In the proposed new code in Figure 2, the first column of B2 is swapped with the first column of B3 such that any two bursts together carry the complete information and are different from any other two. Although the distance properties of the block code doesn’t change by this modification, the advantage is that in a fading channel when any 2 out of the 4 bursts are received properly, USF can be decoded. The proposed modified coding is still compatible with the concept of a RED HOT A mobile decoding the RED HOT B USF. 
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Figure 2: Proposed USF code
The concept can also be extended to other modulations for RED HOT B. A CR to 45.003 is proposed to make the necessary modifications. 
3. Simulations
3.1 Simulation settings

	Transmit pulse shape
	Linearised GMSK

	RX filter 
	180 kHz RRC

	RF Impairments
	Phase noise 1.0 degrees (RMS)

I/Q gain imbalance 0.2 dB

I/Q phase imbalance 1.5 degrees

DC offset -40 dBc

Frequency error 25 Hz

Noise figure 9 dB

	Blind modulation detection 
	ON (7 modulations)

	Antenna diversity
	OFF

	Number of frames per simulation point
	25000


3.2 Simulation Results
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The green point in the diagrams above shows the current requirement for 8-PSK.
4. Conclusion

A modified USF code is proposed for RED HOT B. Potential gains in performance are demonstrated with the modified coding. A corresponding CR to 45.003 is also presented in [2]. It is proposed to adopt the new coding for RED HOT B. 
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