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Discussions on modified dual block burst format for Precoded EGPRS2
1 Introduction
At GERAN#49, a modified Dual Block PCE2, in this paper denoted as MDBPCE2, was proposed, see [1], within the scope of the SPEED WID. As an extension of the Dual Block PCE2 burst format, in this paper denoted as DBPCE2, in [2], both the training symbols and symbols covering the USF part are modulated in time domain, same as in EGPRS2; while the rest of the payload is divided into two OFDM symbols, each occupying the full channel bandwidth
. In addition to the advantage of reusing functionalities such as channel equalization between EGPRS2 and PCE2 equalizers, MDBPCE2 is compatible with legacy mobiles in terms of USF multiplexing. 
In this contribution, the USF performance impact on legacy terminals using MDBPCE2 is evaluated, in both sensitivity and CO-channel interference scenarios; computational complexity concerns with MDBPCE2, including DFT size and the demodulator is discussed. An update of the performance evaluation with DBPCE2 [8] is also presented. 
2 Simulation assumptions

2.1 Burst format for MDBPCE2
The MDBPCE2 burst formats used in the evaluation are shown in Figure 1.
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Figure 1. Burst mapping of MDPCE2 for EGPRS2-A (8PSK, top; 16QAM, middle; 32QAM, bottom).

It should be noted that, compared to the proposal in [1], for 16 and 32QAM MCSs, it is only the USF symbols that are modulated in the time domain while all payload symbols on the left side of the TSC are put in frequency domain.
2.2 Simulation settings
	Parameter
	Value

	MCSs
	DAS5-12, DBS5-12 

	TSC placement
	Same as in EGPRS2

	Burst length
	Same as in EGPRS2

	Burst mapping
	Same as in EGPRS2

	CP length
	MDBPCE2-A: 2x5
MDBPCE2-B: 2x8

	RX BW
	PCE2-A: 280 kHz

PCE2-B: 325 kHz

	Channel propagation
	TU50nFH

	Interference/noise
	AWGN, CO

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	100000

	Max transmissions for IR
	No IR

	Soft clipping
	Inactive

	Hard clipping
	Inactive

	Receiver oversampling
	EGPRS2: no oversampling

	Receiver type
	Legacy

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [degrees]

  - 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/ - 
   -/25           


Table 1 Simulation assumptions.
3 Impact on USF performance
The USF performance with conventional EGPRS2 receiver, using both the legacy burst format, and MDBPCE2 burst format is shown in Table 2. A USF false detection rate below 1% is guaranteed according to [9] for both burst formats. The false detection threshold has been derived for the legacy burst format and is tuned separately for each modulation. The same threshold has been applied to both burst formats. It can be seen that the legacy terminals will be able to read the USF, given a MDBPCE2 burst format, for all the MCSs in EGPRS2. The performance difference is around 0.5 dB with a largest performance difference of 0.8dB for the scenarios simulated. 
	MCS
	USF BLER@1% [dB] 
	Performance difference USF  BLER@1% [dB]

	
	Legacy TX
legacy RX
	MDBPCE2 TX
legacy RX
	

	
	Sensitivity 
	CO
	Sensitivity
	CO
	Sensitivity
	CO

	DAS5-7
	7.3
	6.2
	7.8
	6.8
	+0.5
	+0.6

	DAS8-9
	4.7
	3.6
	5.1
	4.1
	+0.4
	+0.5

	DAS10-12
	6
	4.0
	6.3
	4.6
	+0.3
	+0.6

	DBS5-6
	8.2
	6.3
	8.7
	6.9
	+0.5
	+0.6

	DBS7-9*
	12.1
	9.4
	12.4
	10.2
	+0.3
	+0.8

	DBS10-12*
	10.5
	7.3
	10.7
	7.8
	+0.2
	+0.5

	* Note that the current requirements within brackets in [9] are not fulfilled.




  Table 2: USF performance with legacy EGPRS2 receiver, 

                                 different burst formats.

4 Computational complexity
In this section, two computational complexity aspects of MDBPCE2 are discussed:

· Suitable DFT lengths;

· Demodulator supporting both USF symbol (time-domain modulated) and other symbols (frequency-domain modulated).
4.1 DFT size

For legacy hardware to support PCE2, it is important to have convenient DFT sizes which enable low complexity implementation of DFT [4][5]. 

Table 3 lists the DFT sizes used given MDBPCE2 burst format in Figure 1 and also the burst format proposed in [1], with estimation of the respective complexity. It shows that the current block size of MDBPCE2 is unfavorable in terms of implementation complexity for DAS8-12 and DBS5-12, and that modifications to the block size should be investigated. Modification of the block size can be achieved e.g. by modifying the number of time-domain modulated symbols, or using mixed mode modulation [6]. 
It is suggested to further investigate the suitable DFT size for MDBPCE2, taking into account both computational complexity and performance.
	MCS
	PCE2 type
	Data block size
	Radix sizes
	Complexity 



	DAS-5-12
	SBPCE2
	144
	2, 3
	X

	DAS5-7
	MDBPCE2, Curr doc & [1]
	2x50
	2, 5
	X

	DAS8-12
	MDBPCE2, Curr. Doc. 
	1x58, 1x55
	2,5,11,29
	6X

	DAS8-12
	MDBPCE2, [1]
	1x55, 1x55
	2,5,11
	4X

	DBS-5-12
	SBPCE2
	168
	2,3,7
	Y

	DBS5-12
	MDBPCE2, Curr. Doc. 
	1x69, 1x65
	3,5,13,23
	6Y

	DBS5-12
	MDBPCE2, [1]
	1x65, 1x65
	5,13
	4Y


Table 3: DFT and radix sizes for MDBPCE2.
4.2 Demodulator 

With MDBPCE2 burst format, both a conventional EGPRS2 receiver (for the USF part) and an OFDM based receiver [7] (for symbols modulated in frequency domain) is needed. Considering that for QPSK/16QAM/32QAM the USF bits are placed on full symbols and that the USF code words are either quaternary or antipodal, the conventional receiver can be limited to demodulate rotated BPSK (for DBS5-12), QPSK (for DAS8-12), and 8PSK (for DAS5-7) symbols. 
5 MDBPCE2 versus SBPCE2
In [8] an initial evaluation of the burst format DBPCE2 is presented, showing that with single CO-channel interference, DBPCE2 and SBPCE2 performs close, while in sensitivity the performance degrades with DBPCE2. An updated performance comparison (with interference suppression functionalities turned on in both receivers) is shown in Appendix using the same simulation settings as in [8]. It can be seen that DBPCE2 is not able to outperform SBPCE2 in any of the cases except CO-channel interference scenario. Since MDBPCE2 is expected to have similar performance as DBPCE2 in terms of data BLER, further investigations are needed to see if the performance can be matched between SBPCE2 and DBPCE2/MDBPCE2 burst formats.  It should also be considered to allow for both burst formats to avoid too large throughput loss when multiplexing EGPRS2 capable mobiles with PCE2 capable mobiles, as also suggested in [1].
6 Conclusion
This paper presents the USF performance using legacy EGPRS2 terminals, with MDBPCE2 burst format proposed in [1]. It is shown that MDBPCE2 is compatible with legacy mobiles in terms of USF multiplexing, with a maximum USF performance degradation of 0.8dB for the simulated scenarios. Computational complexity concerns relating with MDBPCE2 are discussed. It is suggested to investigate further suitable DFT-size for MDBPCE2. In terms of receiver complexity, not much increase is foreseen since the demodulation of time-domain modulated USF symbols can be reduced to GMSK/QPSK/8PSK demodulation. 
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Figure 2: SBPCE2A and DBPCE2A throughput for TU50nFH, sensitivity.
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Figure 3: SBPCE2A and DBPCE2A throughput for TU50nFH, single sided adjacent interference.
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Figure 4: SBPCE2A and DBPCE2A throughput for TU50nFH, CO.
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Figure 5: SBPCE2A and DBPCE2A throughput for TU50nFH, DTS-2.






















































































































































































































































































































































� For 8PSK modulated blocks also some data/header/SF bits are placed in time domain in order to get a time domain modulated block covering all USF bits.
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