3GPP TSG GERAN#50 

GP-110693
Dallas, USA

Agenda item 7.1.5.4.3
16th May - 20th May 2010



Source: Telefon AB LM Ericsson, ST-Ericsson SA
3GPP TSG GERAN#50

GP-110693

Single Symbol Dual Block Precoded EGPRS2
1 Introduction
At GERAN#49 a Dual Block Precoded EGPRS2 (DBPCE2)
 burst format was evaluated and its performance was compared with the Single Block Precoded EGPRS2 (SBPCE2) technique [1]. Dual block burst formats have been proposed both in [2] and [3]. The investigation was motivated by the backwards compatibility offered by the dual block burst format, as described in [3]. The results presented in [1] suggest that the DBPCE2 matches SBPCE2 performance in CO-channel interference scenario, while the DBPCE2 performance is inferior to SBPCE2 performance in sensitivity limited scenarios.
It was further shown in [1] that each OFDM symbol in the DBPCE2 burst format requires a cyclic prefix (CP) of five NSR symbols to maintain the orthogonality of the OFDM sub carriers. This implies that a total CP overhead of 10 symbols will consume the entire burst tail and most of the guard period.

From [1] it can be concluded that two difficulties, i.e.

· the inferior performance in sensitivity limited scenarios and

· the violation of the burst format that the 10 symbols CP overhead constitutes,
must be overcome before a dual block burst format can match the performance of the single block burst format.

This contribution discusses a solution to the second problem, and presents an alternative to the DBPCE2 burst format, where only a single OFDM symbol is transmitted, requiring a single CP. This contribution presents an initial evaluation of a new Single Symbol Dual Block PCE2 (SSDBPCE2) burst format. 
2 SSDBPCE2 Burst Format
2.1 Transmitter

At the transmitter the SSDBPCE2-A signal model can be described as
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where 
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 is the vector representation of 116 data symbols, 
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 defines the IDFT precoder matrix and 
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 denotes the precoded OFDM symbol vector.

To mitigate ISI a CP matrix
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 is applied to the OFDM symbol. The OFDM symbol is thereby extended with L samples, where L is determined by the length of the expected time dispersion of the radio channel.  For SSDBPCE2-A L is chosen equal to 6 NSR symbols. 
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The single OFDM symbol vector is then divided in two blocks of equal length, in-between which a 26 training symbols vector 
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 in inserted. These three blocks form, together with guard symbols 
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(3)
To support backwards compatible USF multiplexing as described in [3] it is possible to exclude the USF symbols from the precoding operation (1), and insert them in the burst together with the training symbols vector (3).
The burst is finally pulse shaped with the Linearized GMSK filter to maintain the spectral properties of the signal.

2.2 Receiver
At the receiver side the time dispersed training sequence vector is estimated and subtracted from the received burst. This operation relies on accurate synchronization and channel estimation. After the removal of the TSC the left and right burst halves can be merged to form the single OFDM symbol upon which the DFT decoder matrix can be applied.
If additional symbols, such as the USF symbols, are excluded from the OFDM symbol, as suggested in section ‎2.1, these must be equalized and subtracted from the received burst in similarity with the training sequence vector. This aspect has not yet been evaluated and is still for further study. 

3 Simulation Assumptions

To evaluate the SSDBPCE2 burst format new transmitter and receiver functionalities were implemented in the link level simulator. A straightforward implementation was chosen to ease analysis of simulated results and comparison with the results in [1].

The simulation assumptions are presented in Table 1. Note that SBPCE2-A utilizes an optimized 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

DBPCE2-A: 2x5 

SSDBPCE2-A: 6

	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.
4 Simulation Results

To verify the accuracy of the SSDBPCE2-A 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 1 depicts this simulated performance together with SBPCE2-A and DBPCE2-A simulated performance from [1] and the performance of PCE2-A from [2]. To enable a fair comparison the same functional blocks were used in all receiver architectures. 

The header performance of SSDBCE2-A, SBPCE2-A and DBPCE2-A are included in section 7 Appendix for completeness. Note that the SSDBPCE2-A header performance must be improved a few dBs to match the SBPCE2-A and DBPCE2-A header performance.
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Figure 1 Co-channel interference performance for SBPCE2-A, DBPCE2-A and SSDBPCE2-A for DAS-5 to DAS-12b. Performance of for DAS-5 to DAS-12 from [2] included as reference. 
Figure 2 depicts performance of SBPCE2-A and DBPCE2-A given various propagation conditions. It can be concluded that the relative degradation of SSDBPCE2-A and DBPCE2-A compared to SBPCE2-A are similar. SBPCE2-A outperforms the dual block burst formats in all propagation environments. 
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Figure 2 SBPCE2-A, DBPCE2-A and SSDBPCE2-A throughput for TU50nFH, HT100nFH and RA250nFH.
5 Conclusion
This paper presents a new backwards compatible burst format that reduces the CP overhead compared to previously proposed backwards compatible burst formats.

This new burst format is attractive, as it closely resembles the burst format of EGPRS2 while still enjoying the benefits of precoding.
An initial performance evaluation shows that the solution has a potential to be an alternative to the single block burst formats. There are however still open issues, such as the inferior performance in sensitivity limited environments and the eventual impact on performance from backwards compatible USF multiplexing, that must be solved.
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7 Appendix
7.1 MPCE2-A and SBPCE2-A Header performance
The header performance of SSDBPCE2-A, DBPCE2-A and SBPCE2-A is depicted in the figures below. SBPCE2-A utilizes header shift and swap to secure sufficient header performance. In the burst format of DBPCE2-A the header bits are directly modulated upon strong sub carriers to achieve a similar result. For SSDBPCE2-A the header performance must be improved a few dBs.
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Figure 3 SSDBPCE2-A Header BLER.
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Figure 4 DBPCE2-A Header BLER [1].
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Figure 5 SBPCE2-A Header BLER [1].






















































































































































































































































































































































� In � REF _Ref292741679 \r \h ��[1]� the DBPCE2 burst format was called Modified burst format for PCE2 (MPCE2).





1(6)
2(6)

_1366488691.unknown

_1366488725.unknown

_1366526395.unknown

_1366526408.unknown

_1366490103.unknown

_1366488703.unknown

_1366488680.unknown

_1366488685.unknown

_1366488654.unknown

