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USF Coding for RED HOT
1 Introduction
The RED HOT (REduced symbol Duration, Higher Order modulation and Turbo codes) Work Item was approved at GERAN #32.
This paper proposes a set of USF code words for use with 16QAM and 32QAM modulation scheme, for RED HOT Level A (modulation at legacy rate (LSR)), and for use with QPSK, 8PSK, 16QAM and 32QAM, for RED HOT Level B (modulation at higher rate (HSR)).
2 Requirements

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

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

3 USF Encoding Proposal
It is proposed to build the USF code-book using antipodal symbols. In both the LSR and HSR it is assumed that the number of symbols is held fixed for every modulation. Therefore, the tables for LSR and HSR of the proper symbol length with the proper mapping are sufficient to describe the codebook for every modulation. 
The proposal described here is modified from the previous proposal, as it has been found that the current method gives improved performance.

3.1 LSR USF Code words
Encoding of the USF values for EGPRS have been done such that the encoded USF bits fill 12 symbols of the relevant modulation in a radio block, i.e., three symbols in each burst. The input USF value is 3 bits. The encoded USF field for GMSK modulation is 12 bits, and for 8PSK modulation is 36 bits.

For RED HOT Level A, the proposed USF code words extend the encoded USF in the same way, such that 12 symbols will be used in every modulation, that is a length of 48 bits for the 16QAM and 60 bits in the 32QAM.

The symbol table for the LSR is given in Table 1. The mapping table for 16QAM and 32QAM constellation is given in Table 1.
Table 1: Constellation mapping for RED HOT Level A

	
	‘0’
	‘1’

	16QAM
	0 0 1 1
	1 1 1 1

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


For example, the USF codeword for USF value ‘000’ in 16QAM is 
‘0 0 1 1, 0 0 1 1, 0 0 1 1,
0 0 1 1, 0 0 1 1, 0 0 1 1, 

 0 0 1 1, 0 0 1 1, 0 0 1 1,
0 0 1 1, 0 0 1 1, 0 0 1 1’.
Table 2: LSR USF symbols table

	USF value
	Burst 1
	Burst 2
	Burst 3
	Burst 4

	000
	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

	010
	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

	100
	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

	110
	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


3.2 HSR USF Code words

In the encoding of the HSR USF values for RED HOT it has been agreed (as working assumption) that the encoded USF bits will fill 16 symbols of the relevant modulation in a radio block, i.e., four symbols in each burst. The input USF value is 3 bits. The encoded USF field for QPSK modulation is 32 bits, 48 bits for 8PSK, 64 bits for 16QAM and 80bits for 32QAM. 
The proposed symbols table for Level B modulations is shown in Table 4. . The mapping table for QPSK, 8PSK, 16QAM and 32QAM constellations is given in Table 3.
Table 3: Constellation mapping for RED HOT Level B

	
	‘0’
	‘1’

	QPSK
	0 0
	1 1

	8PSK
	0 0 1
	1 1 1

	16QAM
	0 0 1 1
	1 1 1 1

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


For example, the USF codeword for USF value ‘000’ in 16QAM is
‘0 0 1 1, 0 0 1 1, 0 0 1 1, 0 0 1 1,
0 0 1 1, 0 0 1 1, 0 0 1 1, 0 0 1 1, 

 0 0 1 1, 0 0 1 1, 0 0 1 1, 0 0 1 1,
0 0 1 1, 0 0 1 1, 0 0 1 1, 0 0 1 1’.
Table 4: HSR USF symbols table
	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


3.3 Formatting in burst of USF Field
This section proposes mapping of the USF bits in the burst format. The bit mapping in each burst will be the same. 

In order to ease understanding of the bit positioning, the bit mapping is done by indicating symbol and bit position in the symbol. In LSR, the symbol values run from 0 to 147, bit values from 0 to 3 for 16QAM, and 0 to 4 for 32QAM. In the case that all the bits in a symbol are used, only the symbol is noted. Constellation mapping is assumed as agreed in the outcome document of the first teleconference on RED HOT & HUGE. The suggested mapping is summarized in Table 5 .
Table 5: Burst Format for USF bits RED HOT Level A
	Modulation
	Bit Position ({Symbol,Bit})

	16QAM Level A
	({59},{60},{88})

	32QAM Level A
	({59},{60},{88})


In HSR, the symbol values run from 0 to 176, bit values from 0 to 1 for QPSK, 0 to 2 for 8PSK, 0 t0 3 for 16QAM, and 0 to 4 for 32QAM. Constellation mapping is assumed as agreed in the outcome document of the first teleconference on RED HOT & HUGE. The suggested mapping is summarized in Table 6.

Table 6: Burst Format for USF bits RED HOT Level B

	Modulation
	Bit Position ({Symbol,Bit})

	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})


It is noted that other symbol positioning have been discussed in teleconferences relating to RED HOT. The proposal is also applicable to these other cases, though performance would need to be verified.

4 Simulation Results
This section shows the performance of the proposed USF encoding schemes both in C/I and sensitivity test for the LSR and HSR. In the sensitivity test, the backoff used is shown in
Table 7
. The transmitter filter used in the HSR used is RRC with cut-off at 120KHz.

Table 7: Backoff values

	Modulation
	Backoff, [dB]

	QPSK 
	2.1

	8PSK 
	3.3

	16QAM 
	5.3

	32QAM 
	5.7


In the LSR, also shown is the performance for the USF data encoded on EGPRS 8PSK modulated block (MCS-5 to 7). 
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Figure 1: Level A USF Performance in TU 3km/h iFH channel
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Figure 2: Level B USF Performance in TU 3km/h iFH channel
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Figure 3: Level A USF Performance in TU 3km/h nH channel
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Figure 4: Level B USF Performance in TU 3km/h nH channel
To be included
Figure 5: Level A USF Performance in TU 3km/h iFH channel
[image: image5.jpg]USF BLER

10

—&— QPSKITUSFHHSR
—e—BPSKITUIFHHSR
—&— 1BQAMTUSFHHSR
—&— T20AMTUSFHHSR
o
e
05 1 15 2 25 3 35 4 45 &

21 [dB]




Figure 6: Level B USF Performance in TU 3km/h iFH channel
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Figure 7: Level A USF Performance in TU 3km/h nH channel
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Figure 10: Level B USF Performance in TU 3km/h nH channel
5 Conclusion
An approach to USF encoding for RED HOT Level A and Level B has been introduced. Initial simulations have shown the achieved performance to be similar to (and slightly better than) existing USF encoding schemes for GMSK and 8PSK modulations both in LSR and HSR.
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