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Improved USF Coding for RED HOT B
1 Introduction
Previous work has proposed USF encoding methods for RED HOT A and RED HOT B. 
The proposal in [1] investigated performance achieved under the assumption of antipodal signaling of the USF codeword, as compared to straight bit-to-bit encoding followed by mapping onto the modulation constellation. It was seen from simulation results that antipodal signaling presented some significant improvements. 
The proposal in [2] addressed another important aspect in order to avoid resource segregation by the simultaneous use of RED HOT A and RED HOT B. [2] proposed a method of USF symbol repetition after the training sequence, to reduce bandwidth, such that it might be feasible for a RED HOT A MS to read the USF of a RED HOT B block.
In this paper, we have investigated the performance of a method that combines the proposals in [1] and [2], as compared to each of the baseline proposals in [1] and [2].
2 Requirements

The USF field is used to signal to an MS (not necessarily that addressed in the RLC/MAC header) in order to allow transmission on the uplink in the following block(s). The network should be able to signal the USF to the MS with the same performance irrespective of the specific MCS that is being used to send data in the current downlink block.

USF encoding schemes already exist for GMSK and 8PSK modulations in EGPRS. The performance of the USF reception for 16QAM and 32QAM modulations in RED HOT A and QPSK, 16QAM and 32QAM for RED HOT B should be similar to that currently achievable for GMSK and 8PSK.

3 USF Encoding Proposal
As previously, it is proposed to build the USF code-book using antipodal symbols, with the exception of the simulation of the NSN proposal that uses quaternary signaling as in [2].
3.1 USF Code words
The input USF value is 3 bits. Encoding of the USF values for EGPRS is done such that the encoded USF bits fill 16 symbols for a RED HOT B USF word. 

The encoding tables for “Antipodal” as previously proposed in [1] are shown in Table 1. 
The encoding tables for “AntipodalNSN” are shown in Table 2. The main difference between the encoding in Table 2 and Table 1
The USF bit mapping to modulation symbol table for “Antipodal” and “AntipodalNSN” for all modulations is given in Table 3.
The encoding and mapping for the proposal in [2], denoted here as “NSN”, are taken directly from [2].

Table 1: USF symbol encoding table – 16 symbols (Antipodal)
	USF value
	Burst 1
	Burst 2
	Burst 3
	Burst 4

	000
	0 0 0 0
	0 0 0 0
	0 0 0 0
	0 0 0 0

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

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

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

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

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

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

	111
	1 1 1 1
	1 1 1 1
	1 1 1 1
	1 1 1 1


Table 2: USF symbol encoding table – 16 symbols (AntipodalNSN)

	USF value
	Burst 1
	Burst 2
	Burst 3
	Burst 4

	000
	0 0 0 0
	0 0 0 0
	0 0 0 0
	0 0 0 0

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

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

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

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

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

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

	111
	1 1 1 1
	1 1 1 1
	1 1 1 1
	1 1 1 1


Table 3: Constellation mapping for RED HOT

	Modulation
	 USF Symbol 0
	 USF Symbol 1

	QPSK
	0 0
	1 1

	16QAM
	0 0 1 1
	1 1 1 1

	32QAM
	0 0 0 0 0
	1 0 0 1 0


For example, for USF value 000 using 16 symbol encoding for both the “Antipodal” and the “AntipodalNSN” cases, the USF output for 16QAM is shown in Table 4.
Table 4: Example of  Bit to Symbol Mapping

	Burst
	Output data to 16QAM

	0
	0 0 1 1 / 0 0 1 1 / 0 0 1 1 / 0 0 1 1

	1
	0 0 1 1 / 0 0 1 1 / 0 0 1 1 / 0 0 1 1

	2
	0 0 1 1 / 0 0 1 1 / 0 0 1 1 / 0 0 1 1

	3
	0 0 1 1 / 0 0 1 1 / 0 0 1 1 / 0 0 1 1


3.2 Pre-Coding 

In order to reduce the effect of partial response signals for a RED HOT A MS decoding a RED HOT B USF, a pre-coding could be applied. Pre-coding could be applied to the code words of the QPSK and 32-QAM modulations, in order that they appear like the π/4 rotation of 16QAM. This will not have an impact on the receiver performance of a RED HOT B MS that reads the USF.
3.3 Formatting in burst of USF Field
This section discusses mapping of the USF bits into the burst format. The bit mapping positions in each burst will be the same. Constellation mapping is assumed as agreed in the outcome document of the first teleconference on RED HOT & HUGE. 
For RED HOT B, the symbol values run from 0 to 176. The previous mapping for the “Antipodal” RED HOT B is summarized in Table 6. The mapping used for the formatting of “NSN” and “AntipodalNSN” is shown in Table 6.
Table 5: Burst Format for USF RED HOT B - 16 symbol encoding for “Antipodal”

	Modulation
	Symbol Position

	QPSK Level B
	({70},{71},{103},{104})

	8PSK Level B
	({70},{71},{103},{104})

	16QAM Level B
	({70},{71},{103},{104})

	32QAM Level B
	({70},{71},{103},{104})


Table 6: Burst Format for USF RED HOT B - 16 symbol encoding for “NSN” and “AntipodalNSN”
	Modulation
	Symbol Position

	QPSK Level B
	({103},{104},{105},{106})

	8PSK Level B
	({103},{104},{105},{106})

	16QAM Level B
	({103},{104},{105},{106})

	32QAM Level B
	({103},{104},{105},{106})


4 Simulation Results
4.1 Simulation Configuration

The assumptions used for the simulations are shown in Table 7.

Table 7: Simulation Assumptions
	Parameter
	Value

	Channel profile
	TU3iFH, TU3 nH
     Co-Channel Interference

     Sensitivity



	Frequency band
	900 MHz

	Equalizer
	DFSE

	Tx pulse shape
	RED HOT B: RRC – 120kHz

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]
No

	Simulation length
	20000 radio blocks per simulation point


In the sensitivity test, the backoffs used are shown in Table 8.
Table 8: Backoff values

	Modulation
	Backoff, [dB]

	QPSK 
	2.1

	8PSK 
	3.3

	16QAM 
	5.3

	32QAM 
	5.7


4.2 Simulation Results

This section shows the performance of the proposed USF encoding schemes both in C/I and sensitivity tests for RED HOT B for the Antipodal, NSN, and AntipodalNSN cases. 
Detailed graphs are given in the Appendix to this document. The performance of the different proposals is summarized in Table 9. It can be seen that there are good performance gains to be achieved by a combination of the 2 proposals, ‘AntipodalNSN’. In the few cases that there is a loss, these are less than 0.5dB.
Table 9: Summary of USF performance @ BLER=10%
	Type
	Channel
	Modulation
	Antipodal[1] (dB)
	NSN[2]  (dB)
	AntipodalNSN [1] & [2] (dB)
	Improvement AntipodalNSN v NSN (dB)

	Sensitivity
	TU3iFH
	QPSK
	2.3
	5.7
	4
	+1.7

	
	
	16QAM
	7.1
	7.5
	7.7
	-0.2

	
	
	32QAM
	8.1
	8.4
	8.9
	-0.5

	Sensitivity
	TU3nH
	QPSK
	7
	10
	7.2
	+2.8

	
	
	16QAM
	14.1
	15.9
	14.5
	+1.5

	
	
	32QAM
	16
	16.7
	15.2
	+1.5

	CoChannel
	TU3iFH
	QPSK
	5.2
	8.2
	7.9
	+0.3

	
	
	16QAM
	2.3
	3
	3.3
	-0.3

	
	
	32QAM
	3
	3.8
	4
	-0.2

	CoChannel
	TU3nH
	QPSK
	13
	16
	13.5
	+2.5

	
	
	16QAM
	9.1
	10.4
	9.1
	+1.3

	
	
	32QAM
	10
	10.7
	9.2
	+1.5


5 Conclusion

This paper has compared the performance of two previously proposed schemes for USF encoding for RED HOT B [1][2]. Also a combined proposal has been evaluated. It has been seen that the combined proposal has better performance than the proposal in [2]. The proposal in [1] has the best performance. However, proposal [1] was not designed such that RED HOT A MSs could in principle read the USF.
The other two proposals, [1] and the combined [1]&[2] proposal, will in principle allow a RED HOT A MS to read the USF. Of these two proposals, the combined proposal has been seen to give better detection performance.
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Figure 1: QPSK, Sensitivity, TU3iFH
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Figure 2: 16QAM, Sensitivity, TU3iFH
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Figure 3: 32QAM, Sensitivity, TU3iFH
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Figure 4: QPSK, Sensitivity, TU3nH
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Figure 5: 16QAM, Sensitivity, TU3nH
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Figure 6: 32QAM, Sensitivity, TU3nH
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Figure 7: QPSK, CoChannel, TU3iFH
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Figure 8: 16QAM, CoChannel, TU3iFH
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Figure 9: 32QAM, CoChannel, TU3iFH
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Figure 10: QPSK CoChannel, TU3nH
[image: image11.emf]4 5 6 7 8 9 10 11 12

10

-3

10

-2

10

-1

C/I [dB]

USF BLER

 

 

16QAM\TU3nH\RHB\Antipodal

16QAM\TU3nH\RHB\AntipodalNSN

16QAM\TU3nH\RHB\NSN


Figure 11: 16QAM, CoChannel, TU3nH
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Figure 12: 32QAM, CoChannel, TU3nH
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