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1. Introduction
The introduction of precoded EGPRS2 [2] needs a new burst structure to accommodate OFDM-like transmission.  The precoded EGPRS2 burst structure is proposed in [1] and it is reported that there is significant throughput improvement based on the new precoded burst.  Particularly, high order modulation shall benefit more with the precoding concept because the OFDM-like transmission not only simplifies the receiver for 16QAM/32QAM, but also mitigates ISI with the introduction of a cyclic prefix (CP).
While it is understandable that OFDM-like transmission should provide significant improvement, the current precoding proposal has several issues, as discussed in the last GERAN meeting [3].  The major issues are the non-uniform transmission, very narrow sub-carrier (tone) spacing, and the location issue of TSC training symbols.  Narrow frequency spacing may yield compromised performance under high Doppler or frequency offset.  TSC symbol placing may require redesign of synchronization and modulation blind detection algorithms.  As discussed in [4], the blind detection requires DFT of the whole burst to identify frequency domain TSC symbols.  The complexity of such an approach may be higher than legacy blind detection algorithms.
This contribution addresses the TSC issue and the narrow tone spacing issue of precoded EGPRS2 with a simple burst structure design.  The new proposal keeps the legacy burst structure by introducing three blocks, which correspond to the first half-burst, the TSC symbols, and the second half-burst of a legacy normal burst.  IDFT precoding is applied to the two data blocks; while the TSC location is kept intact.  Based on this burst structure, the current synch algorithm, blind modulation detection algorithm, and even channel estimation can be kept with minimum changes.  The throughput performance of EGPRS2-A based on this new precoding concept is also provided in the contribution. 
The purpose of this contribution is to demonstrate that there might be alternative and simpler designs for precoded EGPRS2.  It is our intention to encourage companies to optimize the precoding concept for a simple and effective solution.

2. A Simple Burst Structure for precoded EGPRS2
The original precoded EGPRS2 design applies IDFT-precoding for a whole normal burst [1], which is treated as a single OFDM symbol.  As discussed in [3], the frequency spacing of tones (or subcarriers) is small due to relative long duration of a GSM burst.  The training symbols will be scattered all over the burst.  The burst synchronization and modulation blind detection approaches therefore have to be redesigned to support the scattered TSC .
A simple burst structure design with precoding is illustrated in Figure 1(a) for EGPRS2-A.  Compared with the legacy burst structure, the design preserves the legacy “half-burst + TSC + half-burst” structure.  The IDFT precoding is applied to the two 58-symbol blocks (data blocks), each of which has IDFT length of 58.  The first block uses the “tail symbols” as its cyclic-prefix (CP) of the first block.  The length of CP is 3, corresponding to about 11.1μs.  The CP length of 11.1μs (LTE CP length: 4.69μs) shall be able to handle the channel delay of most channels.  The second 58-symbol block also uses the other “tail symbols” as its cyclic prefix, which has a length of 3.  

A similar precoded design for EGPRS2-B is illustrated in Figure 1(b).  The original 2-B burst structure is preserved.  The lengths of the two precoded blocks (data blocks) are both 69.  The tail symbols now serve as the CP for the two data blocks.  Each of the CP has a length of 4-symbol, equivalent to about 12.3μs.
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Figure 1   Alternative Precoded EGPRS2 Design

The TSC part, which is called TSC block, is kept intact in the design.  The training symbols become an independent block from the data symbols.  The CP length of the TSC can be as high as 5, the value of which shall be FFS.  If a length-5 CP is used for EGPRS2-A, the length of the remaining TSC symbols becomes 21.  There are two approaches to specify the TSC block.  The first approach is to specify all 26-symbol TSC symbols in the time-domain.  The TSC sequence shall have this cyclic property: for example, the first 5-symbols in the sequence shall be identical to the last 5-symbols in the sequence.  Note that all legacy GSM TSC have this cyclic property.  The second choice of TSC specification is to define the TSC block in the frequency domain.  For 2-A, there are 21 symbols to be specified in the frequency domain with an IDFT size of 21.  The two specified approaches shall provide an identical TSC signal definition. 
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Figure 2   Transmitter of Precoded EGPRS2-A
Please note that the data blocks have a different length compared to the TSC block.  For 2-A, the length of a data block is 58; while the length of the TSC block is 21, without consideration of the CP length.  The data block has a higher granularity in the frequency domain than the TSC block.  Considering that the transmit bandwidth of a burst is only 200kHz, the 21-length TSC block shall provide good enough resolution in the frequency domain.  Channel estimation algorithms shall use either interpolation or frequency domain filtering to yield a 58-tone channel estimation from the 21-tone observation.  A similar argument can be applied to EGPRS2-B.

Figure 2 shows the transmitter block diagram of precoded EGPRS2-A.  There are two data blocks and one TSC block in the design.  Each of the data blocks uses a 58-point IDFT for precoding.  The precoded data blocks, together with their respective CP symbols, are combined with a TSC block to form a precoded burst as illustrated in Figure 1(a).  The precoded burst is passed through a pulse shaping filter to meet the Tx frequency requirements.
3. Comparison of Precoded Burst Structures
It appears that there are some differences between the alternative precoded EGPRS2 design and the original one.  The differences of the two designs are summarized in Table 1.  

Table 1   Comparison of Two Precoded EGPRS2 Designs

	 
	Original Design [1]
	Proposed Alternative Design
	LTE Reference

	Number of Blocks per burst
	1
	3
	 

	Tone spacing 
	1.91kHz/1.92kHz
	4.67kHz/4.71kHz
	15kHz

	CP length
	22.2/24.6 us
	11.1/12.3 us
	4.69 us

	TSC location
	scattering
	mid amble
	 


The key difference is the number of blocks (or OFDM symbols) per burst.  The original precoding design treats the whole burst as a single OFDM symbol.  The IDFT size will be close to 148 symbols, which is the length of a GSM NB.  From [1], the IDFT size is either 142 or 144 for 2-A.  Because IDFT size determines the number of tones (or sub-carriers), the larger the number of tones (sub-carriers), the narrower the frequency spacing will be.  The tone spacing (or frequency spacing) of the original design is ~1.92kHz.  If the IDFT size is shorter, the tone spacing can be largely improved.  As shown in Table 1, when the IDFT size is reduced to 58 from 142, the tone spacing is widened to 4.67kHz from 1.9kHz.  This should offer improved ICI performance at high Doppler or when experiencing severe frequency offsets.

The original precoded design has a longer CP length than the alternative one.   Its CP length is about twice the length of the new design.  Although some channels, such as TU channel, may have propagation delays as long as 20μs, most of the dominant propagation paths have delays less than 5μs.  Compared with the CP length of 4.69μs in LTE, the new design of 11.1/12.3μs should be good enough to handle the ISI of most GSM/EDGE channels.
The next difference is in the TSC location.  Because of the single block definition, the original design shall allocate the TSC symbols scattering in both time and frequency domain.  Although it is possible to have a good TSC design by tuning training symbol positions [5], the legacy channel estimation, blind modulation detection, and burst/symbol-level synchronization algorithms need to be redesigned to support a scattered TSC.  Besides, it is not clear whether there is extra benefit by scattering training symbols in time/frequency.  The alternative precoding design, however, preserves the legacy burst structure.  The current blind modulation detection algorithm, sync algorithm, and even the channel estimation can be applied directly for precoded EGPRS2.   Considering the implementation complexity of the two precoded EGPRS2 design, we believe that the alternative design should be simpler.
The final, and most important comparison, is on the performance.  Numerical simulations are performed to evaluate link performance of the proposed precoding concept for all DAS levels.  The simulation assumptions are summarized in Table 2.
Table 2   Simulation Assumptions

[image: image3.emf]Parameters Values

Channel Profile Typical Urban

Terminal Speed 3km/hr

Frequency Band 900MHz

Frequency Hopping ideal

Interference Co-Channel

Tx Filter LGMSK

Direction Downlink

Antenna diversity no

Carrier/Interf time sync Ideal

TSC TSC=0

MSC DAS5-DAS12

Receiver Over Sampling Rate 4x

Channel Estimation WLS, IFFT/LS (precoding)

Equalizer RSSE/DFE, FFT (precoding)


The throughput performance of 2-A with ideal link adaptation is shown in Figure 3.  For ease of comparison reasons, we have copied Figure 12 of Ericsson’s contribution [1], and pasted it in as Figure 3(a), to highlight the performance of the original precoding design.  The performance of the alternative precoding design is shown in Figure 3(b).  
[image: image4.emf]0 5 10 15 20 25 30 35 40

0

10

20

30

40

50

60

70

80

90

100

C/I

c

 (dB)

Throughput (kbps/sec)

EGPRS2-A

Precoded EGPRS2-A

[image: image5.png]Throughput [Kbps/Ts]

100

90| —&—PC EGPRS2A, Imps set 1

il

70

60

50

0

0

Eil

10

—&—EGPRS2A, Imps set 1

—+—EGPRS2A, Imps set 2
—+—PC EGPRS2A, Impse set2

0 5 10 R
DTS2 ¢/ [dB]




Figure 3   Precoding EGPRS2-A Throughput Comparison: (a) Original Precoding Design, Figure 12 of [1];  (b) Alternative Precoding Design
From Figure 3, it is confirmed that the precoding concept does provide significant gains for EGPRS2-A, especially in the higher SNR region where higher order modulation is used.  About 5dB gain in throughput can be reached for 16QAM/32QAM modulations.
The second observation from Figure 3 is that the gain from the alternative precoding design is about similar to that of the original precoding design.  This is expected because both designs use OFDM-like transmission.
We believe that the new design is a simpler version of precoded EGPRS2.  From the initial results using idealised LA throughput, the simple precoding design can also provide significant gain, like the original precoding design.    Based on these observations, the current precoding burst structure may not be optimized in terms of receciver complexity and performance.  There is at least one simpler design, as shown in this contribution, which could achieve a significant gain for the EGPRS2 with IDFT precoding concept, whilst requiring fewer changes to the burst structure and therefore detection and synchronisation mechanisms.  Further investigations on precoding burst structures are strongly encouraged.

4. Discussion and Conclusions

An alternative burst structure for precoded EGPRS2 is investigated in this contribution.  The proposed approach preserves the legacy burst structure by using two data blocks and one TSC block.  The two data blocks are IDFT precoded and the TSC is preserved as the mid-amble.  From our discussion, the proposed structure is a simpler precoding approach than the original precoding proposal.  It can be concluded that
1. the new design has wider tone (sub-carrier or frequency) spacing to ensure better ICI protection;

2. the CP size of data blocks is about 11.1/12.3μs, which should be enough for ISI protection for most  GSM/EDGE channels;

3. the TSC block is preserved as the mid-amble, which requires minimum changes for current BMD algorithm, sync algorithm, or even channel estimation algorithm;

4. the throughput gain of the precoded EGPRS2A is comparable to that of the original precoding design.

The proposed precoding concept minimises changes to the current burst structure.  It is a simpler precoding scheme than the original precoding proposal.  Considering the throughput performance, complexity and ICI/ISI protection, we recommend that the proposed precoding burst structure be further investigated in the scope of the SPEED study item.
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