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1 Introduction

At GERAN#45 a study item called SPEED was started to investigate possible gains by introducing a Precoder module in the base station transmitter chain to enhance EGPRS2 DL performance.
In short, the precoder modulates symbols upon sub carriers within the carrier bandwidth, extending the symbol duration over the entire burst, and adds a cyclic prefix to eliminate inter symbol interference.
In an EGPRS2 radio block there are different information fields that need to be mapped on the information symbols of the bursts: Data, Header, USF, SF (and optionally PAN). The mapping of these information fields are done in a specific manner to guarantee both absolute and relative performance targets.
By using the precoder module the characteristics of the burst is changed and thus the mapping of these information fields need to be optimized.

This contribution investigates the burst mapping of Precoded EGPRS2, PCE2, especially the mapping of Data and Header fields to guarantee sufficient performance with incremental redundancy.

This contribution is an updated version of the Burst mapping of PCE2 contribution presented at the 2nd teleconference on SPEED.

2 Burst characteristics
In EGPRS2 the training sequence code, TSC, is placed in the middle of the burst. In general it can be assumed that the further away a data symbol is from the TSC the weaker the performance gets. In addition, some modulation schemes used in EGPRS2 can be classified as having strong, medium or weak bit positions within the symbol constellation.
The general raw BER characteristics of a 16QAM modulated EGPRS2 burst is schematically shown in Figure 1.
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Figure 1. Burst characteristics of a 16QAM EGPRS2 burst.
By using precoding the TSC symbols need to be spread out over the burst to optimize the channel estimation, see ‎[1]. Further, the quality is no longer as dependent on the distance from the TSC symbol but rather characterized by the spectral properties of the TX pulse.
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Figure 2. Burst characteristics of a Precoded 16QAM EGPRS2 burst.
3 Header and Data performance
The MCS used, and the channel coding definitions needed to decode the data block is signaled in the header. Thus, the header needs to be correctly decoded for the data block to be correctly decoded.
Further, if incremental redundancy is used the operative range of the MCS will be wider but still the condition of header decoding is valid.
To increase header performance a bit swapper is used on the weak header bits in EGPRS2, mapping those bits to strong bit positions in the burst. The data will correspondingly be impacted by swapping some of the data bits from strong bit positions to weak positions.
4 Methodology
In order to evaluate the relative performance needed between the Data and Header BLER EGPRS2 has been used as a reference. Since the channel coding definitions are kept intact for PCE2 it is reasonable to assume that similar relative performance figures should be kept.
To investigate the impact from both the placement in the burst and whether or not the bits are placed on strong/weak bit positions a cyclic shift and an automatic bit swapper has been used in this investigation.
4.1 Burst shift
The shift of the bits in the burst is done in a cyclic manner for each half burst. This is to ensure a similar mapping on the subcarriers on each side of the centre frequency of the carrier (e.g. to avoid severe degradation of the header due to a dominant single-sided adjacent interference).
An example of the shifting applied is shown in Figure 3.

[image: image3]
Figure 3. Burst mapping 16QAM, EGPRS2-A with (bottom) and without (top) a circular shift of 20 bits.
4.2 Bit swapper
To enhance the header performance a bit swapper has been used that swaps weak header bits to strong bit positions occupied by data. I.e. the header performance is improved at the expense of degradation in data performance.
The bit swapper swaps the weak header bits to strong bit positions starting from the lowest to the highest burst index.

[image: image4]
Figure 4. Burst mapping 16QAM, EGPRS2-A with 20 bits circular shift and with (bottom) and without (top) header bit swap.
4.2.1 Modulations

The strong bit positions that have been used for each modulation is listed in Table 1.

Table 1. Index of strong bit positions.
	Modulation
	Strong bit position 
(bit index,)

	BPSK
	-

	QPSK
	-

	8PSK
	0,1

	16QAM
	0,1

	32QAM
	0,3

	64QAM
	0,1


5 Results
5.1 Simulation assumptions
Table 2. Simulation assumptions.
	Parameter
	Value

	MCS
	DAS-5-12, DBS-5-12

	Intf/Sens.
	N0

	Impairments
	‎[2]

	Frames
	5000

	Max transmission for IR
	5

	TSC placement
	According to ‎[4]

	Burst length
	According to ‎[5]

	CP length
	PCE2-A: 6 

PCE2-B: 9

	RX BW
	PCE2-A: 240kHz

PCE2-B: 275kHz

	ICI Suppression
	No

	Channel propagation
	TU50nFH

	Backoff
	No


5.2 EGPRS2-A reference
The relative performance between 1% Header BLER and 10% Data BLER for EGPRS2-A and EGPRS2-B is depicted in Table 3.
Table 3. Relative performance between 1% Header BLER and 10% Data BLER, EGPRS2-A and EGPRS2-B.

	MCS
	Header@1%

[dB]
	Data@10% [dB]
	Rel. perf. 
[dB]

	DAS-5
	12.0
	12.2
	0.2

	DAS-6
	
	13.5
	1.5

	DAS-7
	
	15.1
	3.1

	DAS-8
	13.6
	19.1
	5.5

	DAS-9
	
	21.4
	7.8

	DAS-10
	14.7
	25.4
	10.7

	DAS-11
	16.3
	30.3
	14.0

	DAS-12
	16.3
	34.5*
	18.2


* Performance at 20% BLER
	MCS
	Header@1%

[dB]
	Data@10% [dB]
	Rel. perf. 
[dB]

	DBS-5
	11.4
	11.8
	0.4

	DBS-6
	
	14.1
	2.7

	DBS-7
	17.4
	21.9
	4.5

	DBS-8
	
	24.4
	7.0

	DBS-9
	18.2
	26.1
	5.9

	DBS-10
	20.2
	37.5
	16.7

	DBS-11
	21.7
	35.9*
	14.2

	DBS-12
	
	38.9*
	17.2


* Performance at 30% BLER
5.3 PCE2 performance
5.3.1 Header and Data performance 
As explained in ‎4.2 there is a trade off between improving the header performance and degrading the data performance. In Figure 5 the trade off is shown for DAS-5 for PCE2-A with and without header bit swapping using different shifts.
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Figure 5. Trade off between Header and Data performance using header swap and circular shift.

It can be noted that quite significant gains are seen for the header performance (up to 15 dB) while the data performance is degraded at most 1 dB.
5.3.2 Precoded EGPRS2-A  and Precoded EGPRS2-B header design
In Table 4 the derived relative performance between the Header and Data is shown for the chosen parameters, swap and shift. All MCSs utilize the header swap (as for EGPRS2-A) while different shifts are used. Swap is not applicable on DBS-5 and DBS-6 since they are QPSK modulated.  
Table 4. Header mapping of PCE2-A and PCE2-B with relative difference between Data and Header.

	MCS
	Swap
	Shift
	Header@1% [dB]
	Data@10% [dB]
	Diff [dB]

	DAS-5
	1
	50
	9,8
	9,9
	0,1

	DAS-6
	1
	50
	9,8
	11,5
	1,7

	DAS-7
	1
	50
	9,8
	13,3
	3,5

	DAS-8
	1
	45
	10,5
	15,2
	4,7

	DAS-9
	1
	45
	10,5
	18,0
	7,5

	DAS-10
	1
	70
	10,5
	20,1
	9,6

	DAS-11
	1
	75
	11,5
	25,2
	13,7


	MCS
	Swap
	Shift
	Header@1% [dB]
	Data@10% [dB]
	Diff [dB]

	DBS-5
	-
	45
	10.4
	10.5
	0.1

	DBS-6
	-
	45
	10.4
	14.2
	3.8

	DBS-7
	1
	55
	11.1
	14.5
	3.4

	DBS-8
	1
	55
	11.1
	18.2
	7.1

	DBS-9
	1
	65
	11.2
	21.1
	9.9

	DBS-10
	1
	40
	12.6
	24.6
	12

	DBS-11
	1
	20
	14.3
	38.2
	23.9


5.3.3 IR performance
In Figure 6 and Figure 7 ideal link adaptation envelope curves are shown for both PCE2-A, EGPRS2-A and PCE2-B. It can be seen that visible impacts from the header is seen at Es/N0 < 10 dB for both PCE2-A and PCE2-B. Detailed plots of each MCS (with and without ideal header) can be seen in Annex A. 
DAS-12 and DBS-12 has been used based on the design given in [6].
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Figure 6. Ideal LA envelope for E2-A and PCE2-A (DAS-5-12).
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Figure 7. Ideal LA envelope for PCE2-B (DBS-5-12b). 
6 Conclusions
The contribution evaluates the burst mapping of Precoded EGPRS2-A and Precoded EGPRS2-B in terms of Header and Data BLER performance. USF and SF mapping is left FFS.
The baseline design is based on EGPRS2 with the aim of keeping the relative performance of the Data and Header also for PCE2.
A deterministic approach of burst shift and bit swap has been presented and design parameters for this approach have been disclosed for each MCS. 

It has been seen that gains are consistent for PCE2-A using IR with a similar degradation of performance, compared to IR with ideal header, as observed for EGPRS2-A.
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8 Annex A

8.1 Swap and shift parameters of PCE2-A and PCE2-B with mixed mode modulation
The swap and shift used and the performance achieved when applying mixed mode modulation as derived in ‎[3] is shown in Table 5.

Table 5. Header mapping of PCE2-A and PCE2-B, MMM with relative difference between Data and Header.

	MCS
	Swap
	Shift
	Header@1%

[dB]
	Data@10%

[dB]
	Diff

[dB]

	DAS-5
	1
	30
	9,8
	9,4
	-0,4

	DAS-6
	1
	30
	9,8
	10,8
	1,0

	DAS-7
	1
	30
	9,8
	12,4
	2,6

	DAS-8
	1
	30
	10,5
	15,0
	4,5

	DAS-9
	1
	30
	10,5
	17,5
	7,0

	DAS-10
	1
	45
	10,5
	19,5
	9,0

	DAS-11
	1
	50
	11,5
	24,2
	12,7


	MCS
	Swap
	Shift
	Header@1% [dB]
	Data@10% [dB]
	Diff [dB]

	DBS-5
	-
	10
	10.4
	9.3
	-1.1

	DBS-6
	-
	10
	10.4
	12.3
	1.9

	DBS-7
	1
	35
	10.9
	14.4
	3.5

	DBS-8
	1
	35
	10.9
	17.4
	6.5

	DBS-9
	1
	45
	11
	19.5
	8.5

	DBS-10
	1
	35
	12.6
	23.2
	10.6

	DBS-11
	1
	15
	14.1
	38.2
	24.1


It can be seen that in general a lower shift is needed compared to Table 4 due to the more robust symbols at the carrier edges. Further, gains in data BLER is seen in the order of 0.2-1.0 dB.

8.2 IR performance for each MCS
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Figure 8. Ideal LA performance E2-A with each MCS plotted.
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Figure 9. Ideal LA performance PCE2-A with each MCS plotted.
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Figure 10. Ideal LA performance PCE2-B with each MCS plotted.
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