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1 Introduction

In the OFDM study item ‎[1], the evaluation of system-level performances of OFDM and WCDMA also requires the accurate modelling of the effects of chase-combining HARQ.  As indicated in the list of system-level simulation parameters in Table 19 of ‎[1], a certain number of HARQ retransmission attempts may, if necessary, be made in order to ensure the correct transmission of a specific TTI block.  As additional retransmission attempts are made, the received signals are HARQ-combined with each other, and this is generally expected to increase the probability of successfully decoding the data within that TTI.  In WCDMA (assuming slowly varying channels where the channel conditions essentially remain constant over the duration of one TTI), it is simply necessary to combine the signal and interference powers between the TTIs that are being HARQ-combined, since each coded bit within the same TTI should have the same SIR at the input to the turbo decoder.  For OFDM, however, a frequency-selective channel will cause different OFDM subcarriers across the channel frequency response to have different signal powers, and therefore the QAM symbols and coded bits within the same TTI will not necessarily all have the same SIR at the input to the turbo decoder.  An effective SIR mapping scheme for converting this information to the equivalent performance on AWGN BLER curves has already been validated and included in ‎[1], but it is also necessary to define a methodology for modelling the effects of HARQ combining in OFDM simulations.  All that is really required is simply to evaluate the individual QAM symbol SIRs of the HARQ-combined QAM symbols, and then use these as inputs into an effective SIR mapping scheme (such as the exponential effective SIR mapping (EESM) approach described in Section A.4.3.2.1 of ‎[1]) to determine the expected TTI block error probability of the HARQ-combined data.  This approach is therefore proposed to be included in the simulation methodology annex of TR25.892 for modelling the effects of chase-combining HARQ under OFDM.
Methodology for Modelling the Effects of Chase-Combining HARQ in OFDM System-Level Simulations

Figure 1 illustrates the relevant portion of the receiver processing chain for OFDM system-level simulation.  The transmitted signal is affected by frequency-selective fading, as illustrated by the channel frequency response box, and then interference plus noise is added.  The received data subcarriers are then permuted according to the user demultiplexing and physical channel coding that is in effect for the current TTI.
  Note that each OFDM data subcarrier carries one QAM symbol, and therefore individual subcarrier SIRs may be thought of as being equivalent to QAM symbol SIRs.  At this point, any necessary HARQ combining (assuming multiple transmission attempts for the same block of data) should be modelled, followed by QAM symbol demapping (which is not actually required to be modelled within a system-level simulator).  The effective SIR mapping (such as the exponential effective SIR mapping (EESM) method described in Section A.4.3.2.1 of ‎[1]) is a function of the individual QAM symbol (or OFDM subcarrier) SIR values and the effects of HARQ combining must therefore be modelled prior to the QAM symbol demapping.  Note that the modelling approach described here is intended for chase-combining HARQ, where the same modulation and code rate are used for all transmission attempts of a given block of data.
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Figure 1:  Simulator processing chain for the system-level modelling of OFDM chase-combining HARQ
Based on the simulation process shown in Figure 1, the proposed HARQ modelling approach may be summarized into the following steps.

1. For each TTI, use the channel frequency response for each OFDM symbol to calculate the signal strength for each OFDM subcarrier (QAM symbol) in the TTI.
2. Calculate the interference-plus-noise power for each OFDM subcarrier (QAM symbol) in the TTI.

3. Permute the signal strength and interference-plus-noise power values according to the physical channel mapping and user multiplexing that is in effect for the current TTI.  This should result in the QAM symbols being placed in the correct order for QAM demapping.

4. Perform HARQ combining by adding the signal magnitudes for the just received TTI to those present from any previous HARQ combining for that particular data block
, and then use these combined signal magnitudes to calculate the power of the HARQ-combined signal for each QAM symbol.

5. The interference-plus-noise powers (not magnitudes) for multiple transmission attempts of the same data block should be added together for HARQ combining.

6. The individual SIR values on the HARQ-combined QAM symbols may then be used to perform the effective SIR mapping.

For greater computational efficiency, the following simplifying assumptions may be made if appropriate.
· For slowly varying channels (e.g. 3 km/h pedestrian channels), the channel frequency response can be assumed to be the same for all OFDM symbols in a given TTI and would therefore only need to be calculated once per TTI.  For a higher velocity channel, it may be necessary to recalculate the current channel frequency response for each OFDM symbol.

· A subset of equally-spaced representative subcarriers (or corresponding QAM symbols) may be used instead of calculating the effective SIR based on all of the subcarriers (or QAM symbols) within the TTI.
· The interference-plus-noise power will be the same for all subcarriers (or QAM symbols) within a TTI if: (a) flat fading is assumed from the interfering cells, and (b) all cells (both the target cell and interfering cells) are assumed to be fully loaded.  Otherwise, it will be necessary to calculate the interference-plus-noise power individually for each subcarrier (or QAM symbol).

2 References

[1] 3GPP TSG-RAN-1, “TR 25.892: Feasibility Study for OFDM for UTRAN Enhancement”, Version 0.6.1, February/2004.

Proposed Text for Annex A of TR 25.892

2.1 Proposed Text for A.4.4

The following text proposes an HARQ modelling methodology for OFDM system-level simulations.  This text is to be inserted as a new Section A.4.4, with the current Section A.4.4 of ‎[1] being renumbered to Section A.4.5.

-------------------------------START of the TEXT --------------------------------------

A.4.4
System-Level HARQ Modelling

A.4.4.1
Chase-Combining HARQ Modelling for OFDM

The effects of chase-combining HARQ for OFDM can be modelled at the system-level using the following steps.

7. For each TTI, calculate the signal strength for each OFDM subcarrier (QAM symbol) from the channel frequency response for the corresponding OFDM symbol.

8. Calculate the interference-plus-noise power for each OFDM subcarrier (QAM symbol) in the TTI.

9. Permute the signal strength and interference-plus-noise power values according to the physical channel mapping and user multiplexing that is in effect for the current TTI in order to place the QAM symbols in the correct order for QAM demapping.

10. Perform HARQ combining by adding the signal magnitudes for the just received TTI to those present from any previous HARQ combining for that particular data block, and then calculate the power of the combined signal for each QAM symbol.

11. Sum the interference-plus-noise powers for multiple transmission attempts of the same data block.

12. The individual SIR values on the HARQ-combined QAM symbols may then be used to perform the effective SIR mapping mapping.

For greater computational efficiency, the following simplifying assumptions may be made if appropriate.

· For slowly varying channels (e.g. 3 km/h pedestrian channels), the channel frequency response can be assumed to be the same for all OFDM symbols in a given TTI.  For a higher velocity channel, it may be necessary to recalculate the current channel frequency response for each OFDM symbol.

· A subset of equally-spaced representative subcarriers (or corresponding QAM symbols) may be used in place of all of the subcarriers (or QAM symbols) within a TTI.

· The interference-plus-noise power will be the same for all subcarriers (or QAM symbols) within a TTI if flat fading is assumed from the interfering cells and all cells (both the target cell and interfering cells) are assumed to be fully loaded.  Otherwise, it will be necessary to calculate the interference-plus-noise power individually for each subcarrier (or QAM symbol).

A.4.5
Reference AWGN TTI BLER Curves for System-Level Simulations

-------------------------------END of the TEXT --------------------------------------







































































































































































































































































































































































































� The coded data may be mapped onto specific subcarriers in different ways for different TTIs (with each TTI representing a distinct transmission attempt of the same data) after the physical channel mapping and user-multiplexing (as described in Sections 6.2.3 and 6.2.4 of � REF _Ref48033070 \r �‎[1]�, respectively) are applied.  The combination of applying the physical channel mapping and user-multiplexing may be thought of as permuting the QAM symbols in a possibly different order between different TTIs.


� If the just received TTI represents the first transmission attempt, then the “previously combined HARQ values” should be assumed to be zero.
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