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1 Introduction

At GERAN #35, channel coding was agreed for EGPRS2 ‎[1]. Some details are still to be defined. One open issue is the puncturing of RLC/MAC headers.

In this contribution puncturing patterns for EGPRS2 downlink headers are proposed. Performance is evaluated by means of simulations.

At the 2nd ad hoc meeting on HUGE and RED HOT, the proposal for EGPRS2-A in this contribution was agreed as a working assumption. At the 9th telephone conference, the proposal for EGPRS2-B was presented and taken as baseline. The puncturing/repetition patterns are included in a CR to 3GPP TS 45.003 ‎[2].
2 Puncturing pattern design principles

Periodic puncturing patterns have been used. 

For DAS-8/DAS-9, all periodic patterns with period 69 are simulated and the best is chosen (on average, measured at 1%, 5% and 10% header BLER).

For DAS-11/DAS-12, all periodic puncturing patterns with period 15 and maximum dfree were simulated.

For DBS-5/DBS-6, the distance spectra of all possible repetition patterns were calculated and the sixteen best (in terms of distance properties) patterns simulated.

For DBS-7/DBS-8, the distance spectra of all possible repetition pattern with period 69 were calculated. The 26 best (in terms of distance properties) patterns have been simulated.

For DBS-9/DBS-10, the distance spectra of all possible repetition pattern with period 87 were calculated. The 15 best (in terms of distance properties) patterns have been simulated.

For DBS-11/DBS-12, the twelve best (in terms of distance properties) puncturing patterns of period 30 have been simulated.
3 Results and conclusion
Simulations have been run to find good puncturing patterns. Detailed results can be found in ‎Annex A.Table 1 shows the parameters for EGPRS2 downlink headers.

	MCS
	Input to
encoder
	Output
from
encoder
	Transmitted
bits
	Number of punctured 
bits
	Punctured/repeated bits

	DAS-5 to DAS-7
	33
	99
	100
	-1
	(same as EGPRS MCS-5 downlink)

	DAS-8 and DAS-9
	46
	138
	136
	2
	Puncture C(69*k+8) for k=0 and 1

	DAS-10
	44
	132
	132
	0
	(no puncturing or repetition)

	DAS-11 and DAS-12
	58
	174
	152
	22
	Puncture C(15*k+j) for k=0,…,10, j=11 and 14

	DBS-5 and DBS-6
	35
	105
	108
	-3
	Repeat C(k) for k=0, 33 and 70

	DBS-7 and DBS-8
	46
	138
	144
	-6
	Repeat C(69*k+j) for k=0 and 1, j=0, 22 and 49

	DBS-9 and DBS-10
	58
	174
	168
	6
	Puncture C(87*k+j) for k=0 and 1, j=44, 65 and 86

	DBS-11 and DBS-12
	70
	210
	188
	22
	Puncture C(30*k+j) for k=0,…,6, j=17 ,20 and 28, and C(10)


Table 1. Header coding/puncturing for EGPRS2 downlink.
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Annex A Simulation results
The simulation parameters are summarised in Table 2.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	Single co-channel

	Antenna diversity
	No

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Linearised GMSK

	Rx filter
	RRC 240 kHz

	RRC rolloff
	0.3

	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]

Yes/   -

	Simulation length
	40000 radio blocks per simulation point


Table 2. Simulation parameters

A.1 DAS-5, DAS-6 and DAS-7
The header puncturing (and coding) of EGPRS MCS-5 is reused.
A.2 DAS-8 and DAS-9
Two of 138 bits will be punctured. The puncturing rate corresponds exactly to 68/69 (i.e., one bit out of 69 is punctured). The puncturing patterns are described in Table 3. Figure 1 shows header BLER versus C/I. The difference between the best and the worst pattern is less than 0.17 dB at 1% header BLER. The best result is achieved with j=8.
	Puncturing pattern
	Simulated values of j

	C(69*k+j) for k=0 and 1
	0,…,68


Table 3. Puncturing candidates for DAS-8/DAS-9 header.
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Figure 1. Header BLER versus C/I for DAS-8/DAS-9 header.

A.3 DAS-10
No puncturing is needed.
A.4 DAS-11 and DAS-12
22 of 174 bits will be punctured. The puncturing rate corresponds approximately to 13/15 (i.e., two bits out of 15 are punctured). The puncturing patterns are described in Table 3. Figure 1 shows header BLER versus C/I. The difference between the best and the worst pattern is less than 0.2 dB at 1% header BLER. The best result is achieved with j={11 and 14} (highlighted below).

	Puncturing pattern

	C(15*k+j) for k=0,…,10, j=12 and 14

	C(15*k+j) for k=0,…,10, j=11 and 14

	C(15*k+j) for k=0,…,10, j=11 and 13

	C(15*k+j) for k=0,…,10, j=11 and 12

	C(15*k+j) for k=0,…,10, j=10 and 14

	C(15*k+j) for k=0,…,10, j=10 and 13

	C(15*k+j) for k=0,…,10, j=10 and 12

	C(15*k+j) for k=0,…,10, j=9 and 12

	C(15*k+j) for k=0,…,10, j=8 and 14

	C(15*k+j) for k=0,…,10, j=8 and 13

	C(15*k+j) for k=0,…,10, j=8 and 12

	C(15*k+j) for k=0,…,10, j=7 and 14

	C(15*k+j) for k=0,…,10, j=7 and 13

	C(15*k+j) for k=0,…,10, j=7 and 12

	C(15*k+j) for k=0,…,10, j=6 and 14

	C(15*k+j) for k=0,…,10, j=6 and 13

	C(15*k+j) for k=0,…,10, j=6 and 12


Table 4. Puncturing candidates for DAS-11/DAS-12 header.
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Figure 2. Header BLER versus C/I for DAS-11/DAS-12 header.

A.5 DBS-5 and DBS-6
Three of 105 bits will be repeated. The repetition pattern period is set to 105, i.e., the pattern is not periodic. The distance spectra of all possible repetition patterns are calculated. The sixteen best (in terms of distance properties) patterns have been simulated.
The repetition patterns are described in Table 5. Figure 3 shows header BLER versus C/I. The difference between the best and the worst pattern is less than 0.09 dB at 1% header BLER. The best result is achieved with k={0, 33 and 70} (highlighted below).

	Repetition pattern

	C(k) for k=0, 33 and 66

	C(k) for k=0, 33 and 67

	C(k) for k=0, 33 and 69

	C(k) for k=0, 33 and 70

	C(k) for k=0, 33 and 73

	C(k) for k=0, 34 and 66

	C(k) for k=0, 34 and 67

	C(k) for k=0, 34 and 69

	C(k) for k=0, 34 and 70

	C(k) for k=0, 34 and 73

	C(k) for k=0, 36 and 73

	C(k) for k=0, 37 and 70

	C(k) for k=0, 37 and 73

	C(k) for k=0, 40 and 73

	C(k) for k=1, 34 and 67

	C(k) for k=1, 34 and 70


Table 5. Repetition pattern candidates for DBS-5/DBS-6 header.
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Figure 3. Header BLER versus C/I for DBS-5/DBS-6 header.

A.6 DBS-7 and DBS-8
Six of 138 bits will be repeated. The repetition rate corresponds exactly to 72/69 (i.e., three bits out of 69 are repeated). The distance spectra of all possible repetition pattern with this period are calculated. The 26 best (in terms of distance properties) patterns have been simulated.
The candidate puncturing patterns are described in Table 6. Figure 4 shows header BLER versus C/I. The difference between the best and the worst pattern is less than 0.23 dB at 1% header BLER. The best result is achieved with j={0, 22 and 49} (highlighted below).

	Repetition pattern

	C(69*k+j) for k=0 and 1, j=0, 16 and 36 

	C(69*k+j) for k=0 and 1, j=0, 16 and 37 

	C(69*k+j) for k=0 and 1, j=0, 16 and 39 

	C(69*k+j) for k=0 and 1, j=0, 16 and 40 

	C(69*k+j) for k=0 and 1, j=0, 16 and 42 

	C(69*k+j) for k=0 and 1, j=0, 16 and 43 

	C(69*k+j) for k=0 and 1, j=0, 16 and 45 

	C(69*k+j) for k=0 and 1, j=0, 16 and 46 

	C(69*k+j) for k=0 and 1, j=0, 16 and 48 

	C(69*k+j) for k=0 and 1, j=0, 16 and 49 

	C(69*k+j) for k=0 and 1, j=0, 21 and 42 

	C(69*k+j) for k=0 and 1, j=0, 21 and 43 

	C(69*k+j) for k=0 and 1, j=0, 21 and 45 

	C(69*k+j) for k=0 and 1, j=0, 21 and 46 

	C(69*k+j) for k=0 and 1, j=0, 21 and 49 

	C(69*k+j) for k=0 and 1, j=0, 22 and 42 

	C(69*k+j) for k=0 and 1, j=0, 22 and 43 

	C(69*k+j) for k=0 and 1, j=0, 22 and 45 

	C(69*k+j) for k=0 and 1, j=0, 22 and 46 

	C(69*k+j) for k=0 and 1, j=0, 22 and 49 

	C(69*k+j) for k=0 and 1, j=0, 24 and 49 

	C(69*k+j) for k=0 and 1, j=0, 25 and 46 

	C(69*k+j) for k=0 and 1, j=0, 25 and 49 

	C(69*k+j) for k=0 and 1, j=0, 28 and 49 

	C(69*k+j) for k=0 and 1, j=1 22 and 43 

	C(69*k+j) for k=0 and 1, j=1 22 and 46


Table 6. Puncturing pattern candidates for DBS-7/DBS-8 header.
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Figure 4. Header BLER versus C/I for DBS-7/DBS-8 header.
A.7 DBS-9 and DBS-10
Six of 174 bits will be punctured. The puncturing rate corresponds exactly to 84/87 (i.e., three bits out of 87 are punctured). 
The fifteen best (in terms of distance properties) puncturing patterns of this period have been simulated. The candidate puncturing patterns are described in Table 7. Since different modulations are used for DBS-9 and DBS-10, both are simulated. Figure 5 and Figure 6 shows header BLER versus C/I for DBS-9 and DBS-10, respectively. The best result, averaged over both MCSs, is achieved with j={44, 65 and 86} (highlighted below). It should be noted that a slightly better performance is achieved if the puncturing is selected individually per MCS. However, the simulated performance gain compared to the best jointly optimised puncturing is so small (~0.02 dB) that it is negligible (and certainly smaller than the statistical significance of this investigation).
	Puncturing pattern

	C(87*k+j) for k=0 and 1, j=44, 65 and 86

	C(87*k+j) for k=0 and 1, j=41, 65 and 86

	C(87*k+j) for k=0 and 1, j=41, 62 and 86

	C(87*k+j) for k=0 and 1, j=38, 65 and 86

	C(87*k+j) for k=0 and 1, j=38, 62 and 86

	C(87*k+j) for k=0 and 1, j=38, 59 and 86

	C(87*k+j) for k=0 and 1, j=35, 65 and 86

	C(87*k+j) for k=0 and 1, j=35, 62 and 86

	C(87*k+j) for k=0 and 1, j=35, 59 and 86

	C(87*k+j) for k=0 and 1, j=35, 56 and 86

	C(87*k+j) for k=0 and 1, j=32, 65 and 86

	C(87*k+j) for k=0 and 1, j=32, 62 and 86

	C(87*k+j) for k=0 and 1, j=32, 59 and 86

	C(87*k+j) for k=0 and 1, j=32, 56 and 86

	C(87*k+j) for k=0 and 1, j=29, 59 and 86


Table 7. Puncturing pattern candidates for DBS-9 header.
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Figure 5. Header BLER versus C/I for DBS-9 header.
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Figure 6. Header BLER versus C/I for DBS-10 header.
A.8 DBS-11 and DBS-12
22 of 210 bits will be punctured. The puncturing rate corresponds approximately to 27/30 (i.e., three bits out of 30 are punctured). In the first puncturing period, a reduced pattern with rate 26/30 is used.
The twelve best (in terms of distance properties) puncturing patterns of this period have been simulated. The candidate puncturing patterns are described in Table 8. Figure 7 shows header BLER versus C/I. The difference between the best and the worst pattern is less than 0.3 dB at 1% header BLER. The best result is achieved with j={17, 20 and 28} (highlighted below).
	Puncturing pattern

	C(30*k+j) for k=0,…,6, j=23 ,26 and 29, and C(7) 

	C(30*k+j) for k=0,…,6, j=20 ,26 and 29, and C(2)

	C(30*k+j) for k=0,…,6, j=20 ,26 and 28, and C(17)

	C(30*k+j) for k=0,…,6, j=20 ,21 and 28, and C(14)

	C(30*k+j) for k=0,…,6, j=17 ,26 and 29, and C(23)

	C(30*k+j) for k=0,…,6, j=17 ,26 and 28, and C(20)

	C(30*k+j) for k=0,…,6, j=17 ,20 and 28, and C(10)

	C(30*k+j) for k=0,…,6, j=14 ,17 and 28, and C(20)

	C(30*k+j) for k=0,…,6, j=11 ,20 and 29, and C(1)

	C(30*k+j) for k=0,…,6, j=10 ,22 and 29, and C(2)

	C(30*k+j) for k=0,…,6, j=9 ,20 and 29, and C(8)

	C(30*k+j) for k=0,…,6, j=9 ,20 and 27, and C(17)


Table 8. Puncturing pattern candidates for DBS-11/DBS-12 header.
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Figure 7. Header BLER versus C/I for DBS-11/DBS-12 header.
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