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TSC Optimization for SBPCE2
1 Introduction

The intention of Single Block Precoded EGPRS 2, SBPCE2, is to introduce a new air interface for EGPRS 2 while minimizing the impact on all other layers in the EGPRS architecture. In the first publication on SPEED [1] the SPEED MCS definitions was identical to EGPRS2 definitions. The current revision of the SPEED WID [2] do however permit a redesign of DAS-10/11/12 and DBS-10/11/12 MCSs as this has been justified by significant additional gains in throughput [3]

 REF _Ref308981620 \r \h 
[4]. 
During GERAN#51 a proposal to decrease the code rate for DAS-12 and DBS-12, at the expense of the TSC length, was shown to give remarkable throughput gains at high SINR levels [5]. In this contribution this concept is verified for DAS-12b and DBS-12b and further extended and applied to DAS-10b/11b and DBS-10b/11b for SBPCE2.
2 Concept

In EGPRS2-A and -B the TSC lengths are chosen to 26 and 31 TSC symbols. This secures that the MS and BTS receiver can perform accurate channel estimation to facilitate synchronization, ISI suppression and equalization. As SBPCE2 introduces a new air interface, where e.g. orthogonality between adjacent symbols is granted by the introduction of a cyclic prefix, it is not necessarily true that the EGPRS2 TSC lengths are optimal for SBPCE2.
This was proven in [5] where a reduced TSC length was shown to offer significant performance improvement for DAS-12 and DBS-12. The rational behind this is that the reduced TSC length enables a lower code rate offering enhanced error correction, at the expense of a less accurate channel estimate and equalization. In [5] the optimum point in this trade off between equalization and decoding was found at a TSC length of 12 and 13 symbols for DAS-12 and DBS-12 respectively.
In sub-clause 3 of this contribution this concept is evaluated for MCSs DAS-10/11b/12b and DBS-10/11b/12b. An empirical method to derive a common TSC vector for the studied MCSs is presented along with the results derived during the evaluations. Sub-clause 4 presents simulated results, given the new TSC vectors, in a sub-set of the scenarios required to be evaluated by candidate techniques presented in the SPEED TR 45.860 [6].
3 Evaluation
3.1 Method

In contrast to [7] where an advanced design methodology was outlined and utilized for design of the TSC positioning vector,  it was determined to chose a pure empirical method for this investigation. The method is summarized in the following steps:

1. Define a set of TSC positioning vectors o length T, as described in sub-clause 3.2.
2. For each T, define interleaver and puncturing patterns and a header mapping, as described in sub-clause 3.3.

3. For each T, simulate performance for a set of selected scenarios. Perform a search to find the TSC positioning vector showing best data BLER performance. Verify that header BLER and IR performance is acceptable for the chosen vector and assumed puncturing patterns and header mapping. This is described in sub-clause 3.4.
4. Evaluate the performance of DAS-10b/11b/12b and DBS-10b/11b/12b using the best TSC vector in a sub-set of the interference and sensitivity limited scenarios outlined in the SPEED TR 45.860. This is described in sub-clause 3.5.
3.2 TSC positioning vector
The evaluation is in similarity to the evaluation performed in [7], based on a search for a TSC vector of length T defined by a number cn of symbols located in the centre of the burst and a number T-cn of symbols evenly distributed over the remains of the burst, starting at position sp. This is illustrated in Figure 1. 
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Figure 1 Illustration of TSC positioning vector over a burst.
The evaluation was performed for DAS-10b/11b/12b and DBS-10b/11b/12b over the set of TSC positing vectors TSC(T,cn,sp) defined by:
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3.3 Interleaver, Puncturer and Header design
For each evaluated length of the TSC positioning vector the number of data symbols D was adapted to keep the burst size constant at 144 symbols for SBCPE2-A and 162 for SBPCE2-B [6]. For each D a new realization of the puncturing pattern and interleaver scheme was generated. Based on previous experiences [9] the following assumptions were used:

· Interleaver schemes were generated with Interleaver type 1 using parameter a set to a best guess value of 97.

· Puncturing patter P1, P2 and P3, when applicable, was generated using parameter swap set to 0, granting robust IR performance.
Further interleaver and puncturing optimization is left for further studies. It will however be shown that the studied solution is robust even without the eventual additional gains offered by optimal interleaver and puncturing design.

Header shift and bit swapping parameter settings for DAS-12b/11b/10b and DBS-12b/11b/10b were reused from [8] where the best settings for DAS-12b and DBS-12b were derived.
3.4 Search for best TSC vector
The header and data performance for each TSC positing vector TSC(T,cn,sp) was evaluated for DAS-12b/11b/10b and DBS-12b/11b/10b given TU50noFH propagation conditions and; 
· Sensitivity limited, 
· Co-channel interference limited and
· Adjacent channel interference limited scenarios.
During the evaluations simulation settings according to Table 1 was used.

	Simulation parameters

	Frequency band
	900 

	Tx filter
	LinGMSK

	Rx filter BW
	SBPCE2-A: 280 kHz

LCSBPCE2-B: 340 kHz

	Blind Detection of modulation
	On [6]

	MCSs
	DAS10b-2b  [6]
DBS10b-2b  [6] 

	Backoff in sensitivity limited scenarios
	6 dB 

	Frames
	20000 

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - PA model

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40

On [8-8]/ - 

   -/25           

 

	Burst mapping
	[6] 

	TSC placement
	Reference according to [6], else according to TSC(T,cn,sp).

	TSC length
	10-26

	Swap
	0

	Interleaver
	Interleaver type 1

	Burst length
	According to  [6] 

	Mixed Mode Modulation
	According to  [6] 

	PAR reduction method 
	According to  [6] with hard clipping and soft clipping

	Achieved PAR
	6 dB 

	CP length
	SBPCE2-A: 6

LCSBPCE2-B: 15

	ICI Equalization
	No


Table 1 Simulation settings.
For each of the simulated scenarios the performance was evaluated for all MCSs given TSC(T,cn,sp). The achieved performance for each MCS and scenario was compared with the reference performance achieved when utilizing the optimum TSC positioning vector found in [7]. The relative performance at 10% Data BLER was used as metric to identify the best TSC vector TSC(T,cn,sp) for each MCS. Table 2 shows the results for the two best TSC vectors for DAS-12b/11b/10b found in the evaluated scenarios. It is clear that TSC(16,4,1) is the best choice to optimize performance, with gains in all cases except for DAS-10b when exposed to adjacent interference. The same was true for DBS-12b/11b/10b where TSC(16,4,7) gave best performance.
	TSC(T,cn,sp)
	Es/N0 [dB]
	C/ICO [dB]
	C/IADJ [dB]
	Average [dB]

	DAS-12b 

	TSC(16,4,1)
	2.1
	2.9
	2.5
	2.5

	TSC(18,4,1)
	1.8
	2.7
	1.9
	2.1

	DAS-11b

	TSC(16,4,1)
	1.0
	1.4
	0.5
	1.0

	TSC(18,4,1)
	0.9
	1.4
	0.2
	0.8

	DAS-10b

	TSC(16,4,1)
	0.5
	0.8
	-0.4
	0.3

	TSC(18,4,1)
	0.5
	0.9
	-0.4 
	0.3


Table 2 Relative data performance improvement for DAS-12b/11b/10b in TU50nFH propagation conditions.
The improvement in Data BLER, seen in Table 2, is achieved by a decreased Data code rate. As the Header block code is unaffected by the choice of TSC(T,cn,sp) it must be verified that the improved data performance is not achieved at the expense of an unacceptable degradation in header performance. Table 3 shows that the relative header performance degradation for DAS-12b/11b/10b is limited. The same is true for DBS-12b/11b/10b header performance.
	TSC(T,cn,sp)
	Es/N0 [dB]
	C/ICO [dB]
	C/IADJ [dB]
	Average [dB]

	DAS-12b 

	TSC(16,4,1)
	-0.5
	-0.2
	-0.9
	-0.5

	DAS-11b

	TSC(16,4,1)
	-0.7
	-0.4
	-0.8
	-0.6

	DAS-10b

	TSC(16,4,1)
	-0.6
	-0.1
	-1.2
	-0.6


Table 3 Relative header performance degradation for DAS-12b/11b/10b.
To finally verify that the selected TSC vector secures robust modulation also in low SINR regions, IR performance was verified for each of the evaluated scenarios. Figure 2, Figure 3 and Figure 4 shows the results for DAS-12b/11b/10b in TU50nFH sensitivity, co channel and adjacent channel interference limited scenarios. DAS-9 performance has also been depicted in the figures to identify the start of the operative range for DAS-12b/11b/10b. 
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Figure 2 IR performances for DAS-12b/11b/10b for TU50nFH Es/N0.
[image: image6.png]Throughput. [kbps]

100

%)

0|

70|

60|

50|

40)

|

2|

10)

——Des-12b,
——D5-tb,
——Ds-10b,
D126,
Das-11b,
DAs-10b,
—Dis-9

TSC(16,4,1)
TSC(16,4,1)
TSC(16,4,1)
TSC s CP-101360
TSC s P-101360
TSC s P-101360

/1y (481

El

Eg

0




Figure 3 IR performances for DAS-12b/11b/10b for TU50nFH C/ICO.
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Figure 4 IR performances for DAS-12b/11b/10b for TU50nFH C/IADJ.

In Figure 2 and Figure 3 gains are observed for DAS-12b/11b/10b over their entire operative region, i.e. the range where they outperform DAS-9. In Figure 4 gains are visible for DAS-12b and 11b as C/IADJ exceeds 0dB. DAS-10b does however show losses over the entire envelope that increases as C/IADJ decreases. Despite the losses, which could be minimized by a more robust TSC design or header mapping for DAS-10b, it is believed that the introduction of the studied concept is justified by the gains observed in the other scenarios.
3.5 Performance evaluation

In the SPEED TR 45.860 [6] a set of interference and sensitivity limited link level scenarios are identified for which the SPEED candidate techniques performance should be evaluated. To limit the scope of this evaluation the following subset of scenarios were chosen 

· Es/N0, TU50nFH,

· Es/N0, RA250nFH,
· C/ICO, TU3iFH and
· C/IADJ, TU3iFH
to verify that the performance gains observed in sub-clause 3.4 are also applicable to more general propagation conditions.
Table 4 summarizes the improvement for each of the evaluated MCSs in the above listed set of interference and sensitivity limited scenarios. The improvement is defined as the change in C/I or Es/N0 required to achieve 10% Data BLER. For Es/N0, RA250nFH, some improvements were derived at 40% Data BLER, as 10% Data BLER could not be reached. Gains are observed in all scenarios except for DAS-10b and DBS-10b in the C/IADJ, TU3iFH evaluation.
	
	Es/N0,    TU50nFH
	Es/N0,   RA250nFH
	C/ICO,     TU3iFH
	C/IADJ,      TU3iFH

	DAS-12b
	2.1
	*
	2.4
	1.8

	DAS-11b
	1.0
	*
	1.4
	0.2

	DAS-10b
	0.5
	5.4
	0.8
	-0.5

	DBS-12b
	1.2
	*
	1.6
	0.7

	DBS-11b
	0.7
	*
	1.5
	0.3

	DBS-10b
	0.2
	*
	1.0
	-0.9


* Data BLER 10% never reached.
Table 4 Performance improvement defined at 10% Data BLER.
4 Conclusions
It has been shown that a reduction in the training sequence length from 26 symbols symbols for DAS-10b/11b/12b and DBS-10b/11b/12b to 16 symbols offers throughput gains in a variety of interference and sensitivity limited link level scenarios. Losses have been observed for DAS-10b and DBS-10b when exposed to adjacent interference.
As the gains exceed the losses it is proposed to incorporate this solution in the SPEED TR 45.860 [6] for candidate technique SBPCE2 using the MCS denotations DAS-10c/11c/12c and DBS-10c/11c/12c. 
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