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1 Introduction

In this contribution, different code lengths for stealing flags (SF) are evaluated for 16QAM and 32QAM for legacy symbol rate and QPSK, 16QAM and 32QAM for higher symbol rate.
The purpose of the SF is to indicate which header type a radio block has. If the SFs are unsuccessfully decoded, the header cannot be decoded. The design goal is that the header BLER should not be degraded due to unsuccessful decoding of the SFs. 

The channel coding is described in section 2. In section 3, simulation assumptions and results are presented. Section 4 contains conclusions.

2 Channel coding

It is assumed that there will be two header types per modulation. Consequently, two SF code words are needed. These are selected as the all-zero code word and the all-one code word.

The bits in the radio block needed for SF are taken from the encoded bits of the RLC data (i.e., the RLC data is more punctured when more stealing flags are used). The number of bits used for the header is unchanged. The header code rate is ~0.35.
The SFs are placed closest to the training sequence (on each side), followed by USF bits, header bits and RLC data bits. The SFs are evenly distributed over the four bursts in a radio block.
3 Simulations

3.1 Simulation assumptions
Different code lengths of SF are considered. Simulations are run for code lengths of 4, 8, 12, 16 and 20 bits. To measure SF performance the Header BLER is compared to a block-wise “Header OR SF” BLER (erroneous if either of Header or SF is erroneous). The goal is then to get the BLER curves of these two to coincide.

Simulation settings:

· Sensitivity

· Tu3 ideal FH

· One receiver branch

· QPSK-R
, 16QAM-R and 32QAM-R modulations are evaluated (downlink)
· 16QAM and 32QAM modulations are evaluated (downlink)
· For HSR, 270 kHz wide Tx and Rx filters are used. For LSR, 240 kHz wide Tx and Rx filters are used.
· Number of SF bits: 4, 8, 12, 16 or 20 (per radio block)
· 15000 blocks per simulation point
NOTE: “R” in QPSK-R, 16QAM-R and 32QAM-R denotes a modulation with high symbol rate.

3.2 Simulation results
The header BLER degradation (i.e., the difference between header BLER and “header OR SF” BLER) in dB at 10% header BLER is summarized in Table 1. Detailed results can be found in Annex A.

	Modulation
	SF length

	
	4
	8
	12
	16
	20

	QPSK-R
	0.32
	0.03
	0.01
	0
	0

	16QAM-R
	0.02
	0.01
	0
	0
	0

	32QAM-R
	0.16
	0.05
	0
	0
	0

	16QAM
	0.23
	0
	0
	0
	0

	32QAM
	0.34
	0.01
	0
	0
	0


Table 1. Header BLER degradation due to SF decoding errors.
4 Conclusions
It is sufficient to use eight coded stealing flag bits for 16QAM-R, 16QAM and 32QAM. It is sufficient to use twelve coded stealing flag bits for QPSK-R and 32QAM-R.
Annex A Detailed simulation results

A.1 QPSK-R
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Figure 1. SF BLER for QPSK-R.

[image: image2.png]HeaderOrSFBLER

MTCS3-QPSK-r, HeaderOrSFBLER

—S— HeaderBLER
—<— NofSFbits 4

6
EsNo_dB

10




Figure 2. Header BLER and Header+SF BLER for MTCS3-QPSK-R, 4 stealing bits.
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Figure 3. Header BLER and Header+SF BLER for MTCS3-QPSK-R, 8 stealing bits.
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Figure 4. Header BLER and Header+SF BLER for MTCS3-QPSK-R, 12 stealing bits.
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Figure 5. Header BLER and Header+SF BLER for MTCS3-QPSK-R, 16 stealing bits.
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Figure 6. Header BLER and Header+SF BLER for MTCS3-QPSK-R, 20 stealing bits.

A.2 16QAM-R
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Figure 7. SF BLER for 16QAM-R.
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Figure 8. Header BLER and Header+SF BLER for MTCS7-16QAM-R, 4 stealing bits.
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Figure 9. Header BLER and Header+SF BLER for MTCS7-16QAM-R, 8 stealing bits.
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Figure 10. Header BLER and Header+SF BLER for MTCS7-16QAM-R, 12 stealing bits.
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Figure 11. Header BLER and Header+SF BLER for MTCS7-16QAM-R, 16 stealing bits.
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Figure 12. Header BLER and Header+SF BLER for MTCS7-16QAM-R, 20 stealing bits.
A.3 32QAM-R
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Figure 13. SF BLER for 32QAM-R.
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Figure 14. Header BLER and Header+SF BLER for MTCS10-32QAM-R, 4 stealing bits.
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Figure 15. Header BLER and Header+SF BLER for MTCS10-32QAM-R, 8 stealing bits.
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Figure 16. Header BLER and Header+SF BLER for MTCS10-32QAM-R, 12 stealing bits.
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Figure 17. Header BLER and Header+SF BLER for MTCS10-32QAM-R, 16 stealing bits.
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Figure 18. Header BLER and Header+SF BLER for MTCS10-32QAM-R, 20 stealing bits.
A.4 16QAM
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Figure 19. SF BLER for 16QAM.
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Figure 20. Header BLER and Header+SF BLER for MCS7-16QAM, 4 stealing bits.
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Figure 21. Header BLER and Header+SF BLER for MCS7-16QAM, 8 stealing bits.
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Figure 22. Header BLER and Header+SF BLER for MCS7-16QAM, 12 stealing bits.
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Figure 23. Header BLER and Header+SF BLER for MCS7-16QAM, 16 stealing bits.
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Figure 24. Header BLER and Header+SF BLER for MCS7-16QAM, 20 stealing bits.

A.5 32QAM
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Figure 25. SF BLER for 32QAM.
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Figure 26. Header BLER and Header+SF BLER for MCS10-32QAM, 4 stealing bits.
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Figure 27. Header BLER and Header+SF BLER for MCS10-32QAM, 8 stealing bits.
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Figure 28. Header BLER and Header+SF BLER for MCS10-32QAM, 12 stealing bits.
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Figure 29. Header BLER and Header+SF BLER for MCS10-32QAM, 16 stealing bits.
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Figure 30. Header BLER and Header+SF BLER for MCS10-32QAM, 20 stealing bits.







� ”R” denotes that 1.2X symbol rate is used.
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