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1. Introduction

A study item, “Feasibility Study for OFDM for UTRAN enhancement” has been discussed in RAN1 meetings. To expedite the discussion, this document introduces several aspects on the physical channel mapping and multiplexing chain for OFDM in some details and proposes the texts for Section 6.2 of TR 25.892 [1].

2. Discussion on the physical channel mapping and multiplexing

2.1 Multiplexing principle

In the OFDM HSDPA serving cell, the amount of the useful time-frequency resources for the HS-DSCH is restricted directly by the number of the downlink DPCHs and HS-SCCHs. To maximize the resource utilization, it is desirable to make all the remaining resources available to the HS-DSCH after the DPCH and HS-SCCH allocation. This means that the physical channel allocation for the HS-DSCH should be varied according to the number of the OFDM HSDPA served UEs and the number of the HS-SCCHs supported in that cell. 

Figure 1 shows the proposed overall physical channel mapping multiplexing structure including the coding chain of the HS-DSCH. The coding chain up to the QAM symbol mapping for DCH or HS-SCCH is assumed to be same as that in Rel-5 WCDMA. Detailed aspects regarding to the structure will be considered hereafter.

[image: image8.emf]PhCH#1 PhCH#2 PhCH#3 PhCH#4


Figure 1. Overall physical channel mapping and multiplexing structure

2.2 OFDM unit

To support the flexible resource allocation in OFDM HSDPA, a physical channel mapping unit, which is called as ‘OFDM unit’ can be defined [2][3]. An OFDM unit includes multiple QAM symbol positions in an OFDM frame. The OFDM units don’t include the positions of the pilot symbols since the physical channel mapping process of the pilot symbols is different from that of the other data symbols. One or multiple OFDM units are allocated to the HS-SCCH or the DPCH of each OFDM HSDPA served UE. The remaining OFDM units are allocated to the HS-PDSCH. UTRAN can inform all the UEs of the change of the physical channel allocation in a cell by a higher layer signaling when it is required. This signaling burden may be reduced if the allocation rule in a cell is fixed and known to the UEs.

It is desirable that all the OFDM units have a common structure so that any OFDM unit can be interchangeably used for DPCH, HS-SCCH, or HS-PDSCH. Positions for the TPC and TFCI bits are pre-defined in each OFDM unit, which is needed when the OFDM unit is used as DPCH.

The size of the OFDM unit should be small enough to guarantee the efficient resource utilization but large enough to reduce the signaling burden required when a change occurs in the resource allocation. Since a DPCH may require the smallest resource, the size of an OFDM unit can be decided based on the size of DPCH. For an example, assuming configuration set 2 [1], an OFDM unit may consist of 14 QAM symbols (except the pilot symbols) as shown in Figure 1. In this case, one OFDM unit per every slot can support DCCH, TPC and TFCI of one DPCH assuming 3.4kbps DCCH as in [2].
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Figure 2. Example of the OFDM units to time-frequency resource mapping
2.3 Physical channel mapping

A physical channel consists of multiple OFDM units. The physical channel mapping function in figure 1 performs the mapping of the QAM symbols to the OFDM units belonging to the physical channel. The mapping of the OFDM units to the time-frequency resource is pre-defined, and the OFDM units to physical channel mapping can be varied to maximize the resource utilization as described above. In general, OFDM units in each physical channel should be scattered over the total time-frequency resources to maximize the time-frequency diversity. An example is shown in Figure 2. Each small rectangle in the figure indicates an OFDM unit and the OFDM units of a same color make one physical channel.

QAM symbols for the pilot channel are directly mapped to the pre-defined positions in the time-frequency domain
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Figure 3. Example of OFDM units to physical channel mapping

2.4 Interleaving

To get the maximum time-frequency diversity, it is desirable to interleave the HS-DSCH bits over the total time-frequency resource allocated to a UE. Therefore, it is desirable that HS-DSCH interleaving should be performed before the physical channel segmentation. The interleaving pattern may be different from that of the HS-DSCH interleaving in Rel-5 to get more gain of the time-frequency diversity. 

2.5 Randomizing inter-cell interference

Some kind of frequency hopping is necessary to mitigate the inter-cell interference in the OFDM cellular environment. Three alternative ways can be considered to reduce the inter-cell interference.

Alt. (A) Mapping rule of the OFDM units to the physical channels is varied according to the cell as shown in Figure 3 (In the figure, a small rectangle indicates an OFDM unit and the OFDM units of the same color make one physical channel).

Alt. (B) Frequency interleaving is performed by OFDM unit level over the total frequency band after the physical channel multiplexing. The interleaving pattern is varied according to the cell. It may also be varied according to the time

Alt. (C) Frequency interleaving is performed by QAM symbol level over the total frequency band after the physical channel multiplexing. The interleaving pattern is varied according to the cell. It may also be varied according to the time

The alternative (A) is simple to deploy since it requires only the information of the different mapping rules between different cells and no additional function is needed. However, it can’t fully randomize the QAM symbol allocation.

The alternative (B) may achieve more randomized position of the OFDM units than the alternative (A) does. But the amount of the gain should be investigated. In addition, alternative (B) can’t be used with a possible advanced technique, dynamic subcarrier allocation [4].

The alternative (C) is the way to get the maximum randomization and it may remove the necessity of the frequency scattering of the OFDM units in a physical channel. However, this scheme may not be employed when a dynamic subcarrier allocation algorithm is used for the HS-PDSCH. In addition, it will be difficult to adapt a transmit beam forming technique with alternative (C) since dedication of some pilot symbols to a physical channel is difficult with this method.

To mitigate the inter-cell interference, the alternative (C) can be used, but the alternative (A) and (B) also can be considered not to exclude the dynamic subcarrier allocation or beam forming techniques.
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Figure 4. Example of OFDM units to physical channel mapping in alternative (A)

3. Conclusions

Some aspects for designing physical channel mapping and multiplexing chain for OFDM was discussed. Considering these discussions, it is proposed that to reflect the texts attached to this document to the contents of Section 6.2 of TR25.892.
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----------------- START of the TEXT ------------------------

6.2.1
Physical Channel Mapping and Multiplexing
In the process of the physical channel mapping and multiplexing, each data or signaling channel is mapped to the physical channels and multiple physical channels are multiplexed in the time-frequency resource. Figure 1 illustrates an overall physical channel mapping and multiplexing structure including the coding chain of HS-DSCH.
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Figure 1: Overall physical channel mapping and multiplexing structure
6.2.1.1
OFDM unit and Physical Channel
An OFDM unit consists of multiple QAM symbol positions in the time-frequency domain. A QAM symbol position can be included in only one OFDM unit. The mapping of each OFDM unit to the time-frequency resource is pre-defined. Each physical channel can consists of multiple OFDM units and the mapping of the OFDM units to the physical channels may be varied for efficient time-frequency resource utilization. An OFDM unit can be mapped to only one physical channel.

6.2.1.2
HS-PDSCH
After HS-DSCH interleaving, HS-DSCH bits are segmented among different physical channels when more than on HS-PDSCH is used. Then, the bits in each physical channel are converted to QAM symbols. In the process of physical channel mapping, the QAM symbols in each physical channel are grouped and mapped to the OFDM units allocated to the physical channel. 

6.2.1.3
HS-SCCH
The coding and multiplexing chain of the HS-SCCH up to the stage of QAM mapping is the same as that of the HS-SCCH in Rel-5. QAM symbols for HS-SCCH are mapped to the OFDM units in the physical channel by the same way with HS-DSCH. 

6.2.1.4
Dedicated Physical Channel
Dedicated physical channel includes DCH information, TFCI and TPC bits. The coding and multiplexing chain of the DCH information up to the stage of QAM mapping is the same as that of the DCH in Rel-5.

QAM symbols for the DCH information are mapped to the OFDM units in a physical channel by the same way with HS-DSCH. After OFDM unit mapping, TFCI and TPC symbols are mapped to the reserved positions within the OFDM units in the physical channel. 

6.2.1.5
Physical Channel Multiplexing and Pilot insertion
In the physical channel multiplexing process, the physical channels for the HS-DSCH, HS-SCCH and the dedicated channels are multiplexed into the time-frequency domain. After the physical channel multiplexing, QAM symbols for the pilot channel are inserted to the reserved positions in the time-frequency domain. Note that the OFDM units don’t include the positions of the pilot symbols.

Interleaving or hopping in the frequency domain may be performed before the stage of pilot insertion to get more frequency diversity or to randomize the inter-cell interference.

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