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1. Introduction
The precoded EGPRS2 is proposed as an enhancement of EGPRS2-A and 2-B downlink [1].  The concept of precoded EGPRS2 is a new study item [2] that was approved in GERAN#46.  The basic precoding idea is to apply an inverse discrete Fourier transform (IDFT) as a precoder for EGPRS2 transmission.  It is reported that the precoded EGPRS2 has benefits of link performance improvement and lower EGPRS2 receiver complexity, with backward compatibility of EGPRS2-A/B coding schemes [1].
As discussed in the GERAN community, the IDFT precoder resembles the scheme of orthogonal frequency division multiplexing (OFDM), which is a popular wideband transmission scheme used in 3GPP LTE and other wireless systems (802.11a/g, 802.16/WiMax).  The precoding idea is to apply OFDM over single GSM 200kHz “narrow” channel.  With cyclic prefix, inter-symbol interference (ISI) can be mitigated with simple equalization (or no equalization, in some context) just as OFDM.  As a multi-carrier modulation scheme, OFDM is different from the single carrier modulation of GSM/EGPRS in many aspects, such as PAPR, TSC (pilot) allocation, ISI mitigation, ICI, etc.  Some of these issues have been addressed in the original paper [1].  
This contribution provides further analysis on the precoded EGPRS2 based on the proposed design in [1].  We discuss the non-uniform transmission, inter-carrier-interference (ICI), and the TSC issue.  This analysis shall provide some understanding for a possible better precoded EGPRS2 design.
2. Non-Uniform Transmission Power of Sub-Carriers
As illustrated in Figure 3 of [1], IDFT is used as the precoder for each transmit burst.  The precoded burst then passes through a Tx filter to ensure the proper transmission spectrum.  The IDFT of a burst 
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where 
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is the number of transmit symbols, 
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is a transmit symbol that can be either QPSK, 16QAM, or 32QAM.  With the current proposal, N=142 or 144 for 2-A, and N=169 for 2-B.  Borrowing OFDM terminology, we shall call 
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as a sub-carrier, and 
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as a modulating symbol at the sub-carrier 
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.  The total number of subcarriers is N.
Denote the transmit pulse filter as
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.  By ignoring the cyclic-prefix part, the transmitting signal at the transmit antenna can be represented as
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where 
[image: image11.wmf]T

is symbol duration, 
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for 2-B.  Note that the precoded signal 
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is a combination of all sub-carriers
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.  The frequency representation of 
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can be shown as
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where 
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is the frequency response of pulse shaping 
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.  In the frequency domain, each sub-carrier 
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occupies a narrow band of one “sub-carrier”, and any two sub-carriers are orthogonal.  The frequency allocation of four sub-carriers with EGPRS2-A (N=142) is illustrated in Figure 1.
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Figure 1    Frequency Allocation of 4 Sub-carriers
It can be visualized that any two sub-carriers are orthogonal from Figure 1, if there is no frequency offset.  The frequency spacing of two sub-carriers is 
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When the transmit pulse shaping is considered, the sub-carrier at the band edge shall have less power than the central sub-carriers.  This means that sub-carrier transmit power is not uniform over sub-carriers.  To illustrate this idea, we show Tx power of Sub-carrier 71 vs Sub-carrier 0 in Figure 2.  Because of the linearised GMSK pulse, the transmit power of Sub-carrier 71 is about 17dB less than that of Sub-carrier 0.

For high order modulation like 16QAM or 32QAM, the operating SNR shall be greater than 20dB.  Because of the non-uniform sub-carriers, the edge sub-carriers need ~17dB more SNR than the central sub-carriers.  Either these edge sub-carriers cannot be operative, or higher than usual SNR will be wasted for central sub-carriers.  
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Figure 2    Sub-Carrier Transmit Power with LGMSK Pulse

One possible solution is proposed as the mixed mode modulation in [1].  For example, the central sub-carriers can use high order modulation like 32QAM or even 64QAM, and the edge sub-carriers use QPSK.  Proper design of the modulation mixture can ensure the data size to meet the required MCS levels.  This idea resembles to the bit-loading concept in OFDM.
The issue with the mixed mode modulation is the limited number of modulation types.  There are only 4 or 5 (QPSK/16QAM/32QAM/64QAM) choices of modulation.  It is not clear that these limited modulation types can meet the large range of sub-carrier power difference.  Besides, certain sub-carrier powers can be either boosted or reduced, indicating alternative approach of pulse shaping.  
3. Sub-Carrier Spacing and Inter-Carrier Interference

The current precoding proposal defines 142 or 144 sub-carriers for EGPRS2-A, and 169 sub-carriers for EGPRS2-B.  Based on these sub-carrier numbers, the frequency spacing of two sub-carriers can be calculated as 
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 for Level B.  Compared with the LTE’s sub-carrier spacing of 15kHz, the ~2kHz frequency spacing is very narrow (about 12% of LTE’s 15kHz).  In the presence of high Doppler spreading or large frequency offset, the sub-carrier orthogonality may not be maintained.  The inter-carrier interference (ICI) may become significant due to the loss of orthogonality.
The ICI power, which is caused by Doppler spread with a Doppler frequency 
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where 
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is transmit power, 
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 is number of subcarriers, 
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 is symbol time duration, and 
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is the zero-order Bessel function of the first kind.  The degradation power of ICI is evaluated with various Doppler spread.  With Figure 3(1.4)

, the ICI degradation under speed up to 300km/hr is shown in  GOTOBUTTON ZEqnNum367527  \* MERGEFORMAT  for 1800MHz band and 900MHz band.  
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Figure 3    ICI Degradation Power
At speed of 50km/hr, the ratio of 
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is about 31dB for 900MHz band and 25dB for 1800MHz band.  At 100km/hr, 
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are 25dB and 19dB, for low band and high band, respectively.  Regardless of noise and co-channel interference, the ICI level may become the noise floor at high speed.  Considered that high order modulation may operative around SNR~20dB, the impact of ICI level at 100km/hr shall carefully studied.
4. TSC, Synchronization, and Blind Detection

The training sequence code (TSC) of precoded EGPRS2, or pilot, cannot allocate in time domain, as the regular GSM burst.  Instead, in the Table 3 of [1], the TSC symbols are allocated overall the entire sub-carriers in frequency domain.  This approach shall accommodate easy channel estimation in frequency domain.  However, this type of TSC allocation causes difficulty in modulation blind detection and symbol-level synchronization.
In [1], the performance of modulation blind detection is given and it is claimed that there is almost no throughput impact on the EGPRS2 blind detection.  Note that the blind detection algorithm would be totally different from the GMSK/8PSK BD.  Because the TSC is allocated in frequency domain, TSC shall scatter over the burst in time domain.  The new BD algorithm must gather the whole burst sequence to detect possible frequency-domain TSC sequences.  It is not clear about the complexity of the new BD algorithm in [1].
Besides, the synchronization issue is not discussed in [1].  For legacy GSM/EGPRS modulation, the TSC is also used to provide synchronization.  With the proposed precoded EGPRS2, there is no clear border of TSC in time domain because of the frequency-domain allocation.  Furthermore, the precoded EGPRS2 tolerates little time offset because of the tight sub-carrier spacing.  A time mismatch shall cause higher level of ICI, which will degrade overall link performance.
5. Discussions 
From [1], the precoded EGPRS2 shall improve link level performance significantly, and reduce the receiver complexity for high order modulation, with the backward compatibility of EGPRS2 MCS levels.  The proposed approach uses IDFT as the precoder, which resemble the scheme of OFDM.  The procoding can be considered as an application of OFDM over a 200kHz bandwidth GSM band.  While we generally agree that the proposed scheme has benefits in ISI mitigation and low receiver equalization complexity, there are certain questions that are not fully addressed in the original paper of [1].  This contribution discusses three issues on the precoded EGPRS2.  
The first issue is the non-uniform transmission power of sub-carriers.  Because the legacy transmit pulse (LGMSK pulse) has to be kept to meet the GSM frequency mask, and the GSM symbol rate of 270.833kHz is greater than the transmission bandwidth of 200kHz, the sub-carriers will not have the uniform transmission power.  The band edge subcarriers shall uses less power than the central part subcarriers.  The power difference, with the LGMSK pulse, can be as high as 17dB.  Although mixed modulation may be applied, as suggested in [1], it is not clear whether such scheme is efficient, given limited number of modulation types.
The second issue is the tight sub-carrier spacing of the precoding scheme.  The proposed sub-carrier spacing, for both Level-A and Level-B, is about 2kHz, which is very tight compared with the 15kHz sub-carrier spacing of LTE system.  As the consequence, the Doppler spread and frequency offset impact is more significant on the inter-carrier interference (ICI).  For high band, the ICI floor will be at -19dB at speed of 100km/hr.  Because there is no intention to include ICI equalizer in [1], the ICI impact of the proposed scheme shall be carefully studied.
The third issue is about the frequency allocation of TSC.  With this scheme, there is no clear border for TSC in time domain.  For either modulation blind detection or synchronization, the whole burst sequence shall be collected to detect the TSC.  Complexity of the new TSC detection algorithm is not quite clear.

In summary, although there are some benefits with the proposed precoded EGPRS2 in [1], at least these issues must be studied and future contributions should be expected in these topics:

1. the non-uniform transmission power of sub-carriers and the design of mixed modulation;

2. ICI impact at high Doppler spread and large frequency offset;

3. complexity of the TSC detection algorithm.
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