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Evaluation of modified burst format for Precoded EGPRS2
1 Introduction
At GERAN#48 a modified burst format for Precoded EGPRS2 was proposed [1]. In comparison to the burst formats proposed for Padded HOM [2] and Single Block PCE2 (SBPCE2) [2] this alternative format will divide the payload into two OFDM symbols. Each ODFM symbol will occupy the full channel bandwidth, and effectively double the spacing of the individual subcarriers. The subcarrier spacing is an important design property of OFDM systems, as a wider spacing generally implies that the system is more robust.
The OFDM symbols are separated by the training sequence, which location and format are in accordance with EGPRS2 burst formatting. This is a desirable property for mobile equipment intended to support both EGPRS2 and PCE2, as functionality such as channel equalization can be reused between EGPRS2 and PCE2 equalizers.

In [1] the left and right tail was replaced by one cyclic prefix per ODFM symbol, required to mitigate the time dispersion of the radio channel and maintain the orthogonality between the subcarriers.
Figure 1 below depicts this new burst structure.


[image: image1]
Figure 1 Modified burst format for PCE2A according to [1].
The increased subcarrier spacing and resemblance with the current EGPRS2 burst format makes the burst format proposed in [1] attractive for PCE2. The ambition of this paper is to make an initial evaluation of this proposal.
2 Evaluation Assumptions
To evaluate the Modified burst format for PCE2 (MPCE2) new transmitter and receiver functionality was implemented in the link level simulator. A straightforward implementation was chosen to ease analysis of simulated results. 
To verify the accuracy of the implementation a TU3iFH, Co-channel interference simulation was performed in accordance with the simulation performed in [1]. Detailed simulation assumptions can be found in Table 1. Figure 2 depicts this simulated performance together with SBPCE2-A simulated performance and the performance of [1] for comparison. To enable a fair comparison the same functional blocks was used in both receiver architectures. 
The header performance of SBPCE2-A and MPCE2-A is included in section 6 Appendix for completeness. Note that MPCE2 transmitter was designed to modulate Header, SF and USF fields on strong sub carriers. 
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Figure 2 Co-channel interference performance for SBPCE2-A and MPCE2-A for DAS-5 to DAS-12b. Performance of [1] for DAS-5 to DAS-12 included as reference.
From Figure 2 it can be concluded that the performance of the MPCE2-A implementation is comparable with the performance of [1], and hence sufficiently robust for further evaluations to be performed. It must be noted that DAS-12b is not part of the throughput envelop of [1].
To capture the characteristics and verify the robustness of MPCE2-A the performance was simulated and evaluated for;

· different lengths of cyclic prefix,

· with and without TX/RX impairments and

· various channel conditions.
Section 3 presents the detailed simulation assumptions in Table 1 together with the simulation results and analysis.
3 Simulations

3.1 Assumptions

The simulation assumptions are presented in Table 1. Note that SBPCE2-A utilizes an optimize burst format according to [4], [5], [6], [7] and [8]. 
	Parameter
	Value

	MCSs
	DAS5-12, DAS-12b 

	TSC placement
	According to [7] for SBPCE2-A.

	Burst length
	According to [8] for SBPCE2-A

	Burst mapping
	According to [4], [5] for SBPCE2-A.

	CP length
	SBPCE2-A: 6

MPCE2-A: 2x5 unless otherwise stated

	RX BW
	PCE2-A: 280 kHz

	Channel propagation
	TU3iFH, TU50nFH, HT100nFH, RA250nFH

	Interference/noise
	AWGN

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	10000

	Max transmissions for IR
	No IR

	Soft clipping
	Inactive

	Hard clipping
	Inactive

	Receiver oversampling
	2

	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.
3.2 Cyclic Prefix
To maintain the orthogonality between the subcarriers it is important that the length of the cyclic prefix (CP) covers the time dispersion introduced by the TX pulse, the radio channel and the RX filter. Figure 3 depicts performance of MPCE2-A given a Tu50nFH or HT100nFH channel and different lengths of the CP.

To optimize throughput it can from Figure 3 be concluded that a CP of length five symbols is required per OFDM symbol. As the burst contains two OFDM symbols the CP will totally consume 10 symbols. To accommodate the 10 CP symbols, the entire tail and part of the guard period is consumed. To keep the guard period intact, a shortening of the CP is necessary. This can for example be achieved using the CP shortening method presented in [8].
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Figure 3 MPCE2-A throughput for TU50nFH and HT100nFH for various lengths of cyclic prefix.

3.3 Impairments

It has been observed that the SBPCE2 is robust against impairments. To verify that the same is applicable to MPCE2 the MPCE2-A performance was simulated with and without typical TX and RX impairments. The result is depicted in Figure 4 together with SBPCE2-A performance, and it can be concluded that MPCE2 and SBPCE2 possesses similar robustness against impairments.
Figure 4 show that the MPCE2-A performance does not meet the performance of SBPCE2-A in the sensitivity limited scenario. The reason for this is for further study, but it should be remembered that the SBPCE2-A MCSs has been optimized in terms of TSC and Header placement. The same is not true for the MBPCE2-A MCSs. 
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Figure 4 MPCE2-A and SBPCE2-A throughput for TU50nFH with and without typical impairments.
3.4 Propagation conditions
The subcarrier bandwidth equals 1.9 kHz and 4.7 kHz for SBPCE2-A and MPCE2-A respectively. The increased bandwidth implies an enhanced tolerance towards frequency errors, caused by for example Doppler shift. Figure 5 depicts performance of SBPCE2-A and MPCE2-A given various high speed propagation conditions, where the Doppler shift is reality. It can be concluded that the relative degradation of SBPCE2-A and MPCE2-A is similar. It is also seen that SBPCE2-A, in contradiction to the expected, outperforms MPCE2-A in all propagation environments. 
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Figure 5 MPCE2-A and SBPCE2-A throughput for TU50nFH, HT100nFH and RA250nFH.
4 Conclusion
This paper presents an initial evaluation of MPCE2-A, based on the burst format presented in [1]. This new burst format is attractive, as it closely resembles the burst format of EGPRS2 and divides the payload in two OFDM symbols separated by the training sequence. 
SBPCE2-A performance was used as reference to the MPCE2-A performance throughout the paper. It was concluded that both techniques exhibit similar performance in a Co-channel interference limited scenario, while SBPCE-2A technique outperforms MPCE2-A in the sensitivity limited environment. 
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6 Appendix
6.1 MPCE2-A and SBPCE2-A Header performance
The header performance of MPCE2-A and SBPCE2-A is depicted in the figure below. SBPCE2-A utilizes header shift and swap to secure sufficient header performance. In the burst format of MPCE2-A the header bits are directly modulated upon strong sub carriers to achieve a similar result.
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Figure 6 MPCE2-A Header BLER.
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Figure 7 SBPCE2-A Header BLER.
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