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1 Introduction

The working assumption for physical channel mapping as documented in TR25.858 [1] is that physical channel mapping is done such that “the bits can be mapped to multiple physical channels in the same way as in Release 99”. This functionality has been implemented for FDD HSDPA [2].

The physical channel mapping rule applied to TDD HSDPA is not the same as applied to Release 99 TDD.

In Release 99 TDD, successive bits are mapped to successive physical channels such that odd indexed physical channels are mapped in a forward order and even indexed physical channels are mapped in a reverse order. The rationale behind this mapping is that there may be uplink / downlink interference in UTRA TDD that may lead to block errors across multicodes without the forward / reverse mapping rule [3]. The rationale behind this mapping is as valid (if not more so) for HSDPA as it is for Release 99 (it is noted that a burst of symbol errors will lead to a greater number of bit errors for 16QAM modulation than it would for QPSK).

The TDD Release 99 physical channel mapping scheme should be applied for TDD HSDPA. This document discusses how this physical channel mapping can be achieved in the light of the bit priority mapping functionality that is applied to TDD HSDPA via HARQ bit collection and HS-DSCH interleaving.

2 The TDD Physical Channel Mapping Problem

The HARQ bit collection function specified in 25.222 [4] separates bits from the output of the rate matching stage such that an alternating order of systematic and parity bits is delivered to the HS-DSCH interleaving function
.

For 16QAM, the HS-DSCH interleaving function interleaves odd indexed bits separately to even indexed bits. This dual interleaver structure preserves the bit priority established in the HARQ bit collection process and enables the modulator to assign systematic bits to high reliability positions and parity bits to low reliability positions within the modulated 16QAM symbol if the physical channel mapping stage is sensitive to the differences in reliability between different bits at its input.

2.1 FDD Physical Channel Mapping

Consider the physical channel mapping applied for FDD as illustrated in Figure 1. In this figure, the bits 
[image: image1.wmf]...

,

,

...

,

,

1920

,

1

1919

,

1

1918

,

1

3

,

1

2

,

1

1

,

1

v

v

v

v

v

v
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from the output of the HS-DSCH interleaving stage are mapped to two physical channels modulated with 16QAM (2 codes across the 2ms TTI of FDD HSDPA). The bits 
[image: image3.wmf]1

2

,

-

k

p

v

from the output of the interleaving stage are (preferably) systematic bits and the bits 
[image: image4.wmf]k

p

v

2

,

are (preferably) parity bits. The bit priority is kept through the constellation remapping stage until the bits from physical channel mapping are modulated such that the systematic bits occupy high reliability positions and the parity bits occupy low reliability positions within the modulated 16QAM symbol. 


[image: image5]
Figure 1 - Physical channel mapping for FDD HSDPA

2.2 Release 99 TDD Physical Channel Mapping for HSDPA

Direct application of the Release 99 physical channel mapping for TDD to TDD HSDPA is illustrated in Figure 2. In this figure, the bits 
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 are mapped to two physical channels (2 codes within the same TDD timeslot). The bits 
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from the output of the interleaving stage are (preferably) systematic bits and the bits 
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are (preferably) parity bits.


[image: image9]
Figure 2 - Direct application of Release 99 physical channel mapping to TDD HSDPA

Note that with this direct application of the Release 99 TDD physical channel mapping that physical channel # 1 consists of exclusively systematic bits and physical channel # 2 consists of exclusively parity bits. Systematic bits will be mapped to low reliability bit positions in physical channel # 1 by the modulator and parity bits will be mapped to high reliability bit positions in physical channel # 2 by the modulator.

If the Release 99 TDD physical channel mapping is applied directly to HSDPA for TDD, the HARQ bit collection and the dual interleaving structure within the HS-DSCH interleaving block are irrelevant. However, in FDD, the bit priority mapping functions of HARQ bit collection and dual interleaving achieve a small but significant gain of 0.2 to 0.5dB.

2.3 Proposed TDD Physical Channel Mapping for HSDPA

It is possible for TDD to achieve the benefits of bit priority mapping and forwards / reverse physical channel mapping by simply applying the Release 99 physical channel mapping rules on a symbol level basis rather than a bit level basis for 16QAM. This symbol level mapping can be applied by defining the order in which bits are mapped by the physical channel mapper. A mapping order that implements symbol level mapping for 16QAM is shown in Figure 3.
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Figure 3 - Symbol based Release 99 physical channel mapping applied to TDD HSDPA for 16QAM

This symbol based physical channel mapping for TDD HSDPA allows both the bit priority mapping gain and the forwards / reverse mapping gain to be realised for TDD HSDPA. These gains are achieved by applying the Release 99 physical channel mapping rules on a symbol level basis for 16QAM; this amounts to refining the Release 99 physical channel mapping rule.

Since there is no bit priority mapping gain for QPSK in HSDPA, the Release 99 physical channel mapping rule can be used directly for HSDPA. Application of the Release 99 physical channel mapping rule for QPSK transmissions in HSDPA allows the forwards / reverse physical channel mapping gain to be realised for TDD HSDPA.

Constellation rearrangement may be applied to the output of the physical channel mapper discussed in this section as per TR25.858 [1] and TS25.222 v5.0.0 [2]. 

3 Definition of TDD HSDPA Physical Channel Mapping

The relevant portions of the transport channel processing chain for TDD HSDPA are shown in Figure 4. In this figure, the bits input to the physical channel mapper are denoted by 
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is the number of physical channels in the allocation and 
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is the number of bits that may be transmitted by each physical channel
. The bits at the output of the physical channel mapper for physical channel 
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Figure 4 – Lower portions of TDD HSDPA transport channel processing chain
In order to apply symbol based physical channel mapping for 16QAM and the direct Release 99 physical channel mapping rule for QPSK to TDD HSDPA, the following mapping definitions may be used :

For 16 QAM :

The physical channel 
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bit input to the physical channel mapper is :
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If 
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If 
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For QPSK :

The physical channel 
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bit input to the physical channel mapper is :
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If 
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The physical channel mapping rule defined above for QPSK is identical to the Release 99 physical channel mapping rule.

4 Conclusion

This document proposes a method of implementing physical channel mapping for TDD HSDPA that allows the performance gains from bit priority mapping and forward / reverse mapping to be achieved simultaneously for 16QAM. The proposed scheme is in line with [1] and is simply implemented by applying the Release 99 physical channel mapping rules to symbols rather than bits. The Release 99 physical channel mapping rule is applied directly for QPSK TDD HSDPA transmissions.

A CR that defines the TDD HSDPA physical channel mapping rule is included. 
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When the modulation level applied to the physical channels is 16QAM :

The physical channel 
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Otherwise, when the modulation level applied to the physical channels is QPSK :

The physical channel 
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� To be accurate, the HARQ bit collection tries to create an alternating order of systematic bits and parity bits to be delivered to the HS-DSCH interleaver. In reality, there will usually be an insufficient number of either systematic or parity bits to successfully perform this operation, thus the output of the HARQ bit collection function contains bits that preferably alternate between systematic and parity bits.


� The numbering of bits input to the physical channel mapper differs from the definition used in 25.222 v5.0.0 since 25.222 v5.0.0 uses a numbering that can only be applied directly to FDD and needs updating for TDD.
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