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1. Introduction
Precoded EGPRS2 uses IDFT as a precoder to modulate bits/symbols in frequency domain [1].  The coded bits/symbols shall be modulated by frequency subcarriers; the number of subcarriers in a block depends on precoding burst structures: either single-block PCE2 [1] or multi-block (3-block) precoded EGPRS2 [2].  The mapping of bit/symbols to their corresponding subcarrier locations should be defined.
One default approach of frequency mapping, as used in [3], is based on conventional IDFT.  The beginning and end symbols in the IDFT block are mapped to central part of spectrum; while the symbols in the middle of blocks are mapped to spectrum edge.  Although this mapping approach is workable, it is not straightforward to interpret symbol locations in frequency domain.  This contribution discusses this issue and proposes an alternative simple definition of frequency mapping.
The second addressed issue in this contribution is on DC subcarrier.  We propose to skip DC-subcarrier mapping to minimize potential DC offset impact, similar to that in LTE DL.  The detailed frequency mapping scheme is summarized in Figure 1.

2. IDFT with Frequency Mapping

IDFT is used as the precoder for precoded EGPRS2 [1].  Based on the definition of IDFT, the precoded sequence shall be represented as
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where 
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are user transmit symbols,  and
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is the block size.  The precoded sequence will pass through a pulse shaping filter 
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and eventually the precoded signal will be modulated to a desired carrier (with frequency
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).  The modulated signal shall be represented as
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where 
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is time-domain symbol duration.  A subcarrier symbol 
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in the modulated signal 
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 will be mapped to frequency at 
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, the signal will be mapped to frequency from 
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.  The signal 
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with frequency range [
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] is a single-side signal in frequency domain.  This type of frequency mapping should be avoided.
An alternative frequency mapping uses a different IDFT definition, as
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for an even number 
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.  With this approach, the modulated signal shall occupy spectrum from 
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with carrier frequency in the central.
In terms of performance, there is no difference between the two IDFT definitions.  The first definition uses subcarrier indices from k=0 to N-1, while the second uses subcarrier indices from k=-N/2 to N/2.  In order to correctly map the TX signal spectrum to (
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), the first approach needs a frequency shift.  This shift makes k=0 and k=N-1 subcarriers neighbour subcarriers in the central portion of spectrum.  We claim that this is not straightforward, although it is workable and it does not have any performance impact.  The second definition does not have this issue.  The definition will map all subcarriers to the spectrum (
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) linearly.  We claim that the second definition is straightforward and thus it is a better mapping scheme than the first one.
3. DC Subcarrier Nulling

Every symbol in a precoded block is mapped to a frequency location between 
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.  The DC subcarrier, which corresponds to
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, maps to the carrier frequency
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.  At receiver side, DC subcarrier detection will become difficult when a DC offset is present.  Sometimes a direct conversion type of receiver would filter out the DC component to remove possible DC offset.  However, this approach will destroy DC subcarrier, and make it impossible to detect transmit symbols at the DC subcarrier.

One simple solution to avoid this DC impact, which is also used in LTE DL, is to ignore the DC subcarrier in symbol mapping.  The transmitter shall skip the DC subcarrier, with a zero transmission power.  As the result, the TX signal will have no DC component.  Any DC offset will have minimum impact on the performance.
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Figure 1
Frequency Mapping of One Block with Block Size N
The detailed frequency mapping of one block of precoded EGPRS2 is illustrated in Figure 1.  The symbols in one block have indices from 0 to N-1, with block size of N.  With an even number N, (N=58 in the proposal of [2] ), symbols from 0 to N/2-1 are mapped to subcarriers at location -N/2 to -1; and symbols from N/2 to N-1 are mapped to subcarrier locations at 1 to N/2.  There is no mapping for the DC subcarrier.  The baseband transmit signal will be DC-free.
4. Discussion and Conclusions

Two proposals on frequency mapping of precoded EGPRS2 are presented:
1. The mapping of block symbol indices to subcarrier locations is proposed so that middle of the block is mapped to the central part of spectrum.
2. The DC subcarrier shall be skipped in frequency mapping.

Because of non-uniform transmission property of precoded EGPRS2 [4], the first proposal ensures that middle part of block symbols are mapped to subcarriers of higher TX power while the border part of block symbols are mapped to lower-TX-power subcarriers.  There is no performance gain; however, this proposal is a straightforward approach to visualize block symbols in frequency domain.
The second proposal nullifies TX power at DC subcarrier, similar to that in LTE DL.  The baseband TX signal will be DC-free.  The benefit is to minimize potential DC offset impact at receiver side.  The cost is potential performance lose (albeit small) due to a single subcarrier lose.  Detailed performance lose is FFS.
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