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1 Introduction

This document proposes an outline for Section 6.2 of TR25.892 “Feasibility Study for OFDM for UTRAN enhancement”, as well as draft text inputs for some of the proposed subsections. The outline and text proposal are based on the related topics presented in [1] and [4].

2 Proposed Outline and Text for Section 6.2

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

6.2
Physical Layer Structure in the DL
Editor’s note : Discussion of the multiplexing of user traffic on the OFDM transmissions.  This includes time-division multiplexing and sub-carrier grouping.   This may also include the mapping of the UTRAN logical traffic and user data channels onto the OFDM signal.

6.2.1
Physical Channels

Physical channels are defined by a specific carrier frequency, set of orthogonal subcarriers or sub-bands, time start & stop (or duration), time-frequency interleaving pattern (possibly frequency hopping pattern). Given a carrier frequency, physical channels are therefore mapped onto a specific 2-dimensional area in the time-frequency plane.  Before time-frequency interleaving, each physical channel corresponds to a set of sub-bands, while after symbol interleaving, the sub-bands are distributed in a controlled manner across the overall frequency band. The time durations for specific time units for the OFDM HS-DSCH are identical to those of 3GPP, and can therefore be measured in integer multiples of WCDMA chips, where the chip rate is 3.84 MHz. The time intervals defined in this configuration are:

Radio frame: 
Also called an OFDM frame, a radio frame is a processing duration which consists of 15 slots. The length of a radio frame corresponds to 38400 chips (10msec).

Slot:
A slot corresponds to 2560 chips.

HS-DSCH sub-frame:
A sub-frame is the basic time interval for HS-DSCH transmission and HS-DSCH-related signalling at the physical layer. The length of a sub-frame corresponds to 3 slots, i.e. 7680 chips (2msec), and is often referred to as a TTI.
OFDM symbol:
An OFDM symbol is the signal generated by one inverse FFT in the transmitter, including a cyclic prefix and suffix.
These concepts are illustrated in Figure 1. The number of OFDM symbols per TTI is L=27 for Parameter Set 1, and L=12 for Parameter Set 2 (see Section 5.2). The respective corresponding numbers of OFDM symbols per frame are therefore 135 and 60. 

The OFDM signal can be conceptually generated as indicated in Figure 2. The OFDM unit Mapping refers to the mapping of the individual strings of QAM symbols into OFDM units, where such a unit is defined as a group of constellation symbols to be mapped onto a sub-band, a subset of OFDM subcarriers. The OFDM symbol duration is fixed, with a total of N subcarriers. N is equal to the FFT size, and therefore includes guard bands (i.e. unused subcarriers on each extremities of the signal band). The IFFT output vector is multiplexed in the time domain, with a prefix and a suffix, into a vector identified as the OFDM symbol, with (N+p) samples per symbol, where p is equal to the total number of samples in the combination of the prefix and the suffix.
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Figure 1: Frame structure for the OFDM HS-DSCH


Figure 2: Conceptual representation of the generation of the OFDM signal for multiple HS-DSCHs

6.2.1.1
OFDM Physical Channel Definition

There are three types of OFDM physical channels defined for HS-DSCH, each one defined by a specific allocation of the time-frequency resources.

1) The Scattered Pilot OFDM physical channel: the set of time-frequency locations, within a 2 msec TTI, containing pilot information. The scattered pilots are inserted in the time-frequency plane and must satisfy the 2-D sampling theorem in order to enable reconstruction of the time and frequency varying channel response. As shown in Figure 2, the Scattered Pilot OFDM physical channel is not interleaved. 

2) The Scattered Signalling OFDM physical channel: the set of time-frequency locations, within a 2 msec TTI, containing signalling information. This is a shared channel. The specific time-frequency locations used for signalling are scattered across the TTI, in order to benefit from time and frequency diversity.  

3) The Traffic OFDM physical channels: the subsets of time-frequency locations, within a 2 msec TTI, not used by the scattered pilot or signalling OFDM physical channels, and dedicated to carry traffic data.   

6.2.2
Channel Coding and Multiplexing
In the process of mapping transport blocks onto physical channels, data from multiple users are multiplexed in time and frequency. Figure 3 illustrates the overall transmitter processing chain for the transport blocks of such users [2]. The reference OFDM configuration defines the final part of the transmitter processing chain: the mapping of constellation symbols onto the OFDM physical channels (grey blocks).


Figure 3: OFDM HS-DSCH transmitter processing chain.

Data arrives at the coding unit with a maximum of one transport block every 2 msec TTI. As in HSDPA, there is one transport block of HS-DSCH type per UE [3]. Each traffic transport block is first coded with CRC attachment, then it is bit scrambled, code block segmented, channel coded, and processed by HARQ, as indicated in [3]. The output of the HARQ block is then segmented into one or more data segments, each one corresponding to a physical channel (PhCh). A UE can therefore be assigned multiple physical channels. Each PhCh is interleaved as indicated in [3], and each resulting HS-DSCH interleaved data block is mapped to a vector of symbols, taken from the selected QAM constellation. 

Each QAM symbol vector is then mapped onto a number of OFDM units. Each OFDM unit is a group of constellation symbols to be mapped onto a sub-band, a subset of OFDM subcarriers . Time-frequency interleaving of OFDM units is then applied, and results in a mapping of the physical channels on the time-frequency resources.

User traffic multiplexing is finally used to multiplex the physical channels from different users, resulting in a number of Traffic OFDM Physical Channels, as defined above.

6.2.3
Physical channel mapping
The OFDM frequency band is divided into NB sub-bands by grouping OFDM subcarriers. Each sub-band and each OFDM symbol interval constitute together an OFDM unit. This means that in each OFDM symbol interval at most NB parallel OFDM units can be transmitted. A single physical channel uses during a TTI just a fraction of the total available aggregate resources, and hence, it is possible to have up to NB concurrent users or up to NB concurrent physical channels for a single user.

Three different essential steps for the physical channel mapping are identified [4]:

1. The QAM symbols, obtained in the constellation mapping, are mapped onto a number of OFDM units.
2. The OFDM unit interleaver permutes the consecutive OFDM units obtained after the previous step. 

3. The time-frequency mapping of OFDM units puts each OFDM unit at a unique position in available time-frequency space. Each physical channel should have a separate, non-overlapping time-frequency mapping. It should be such that every pair of OFDM units is separated in frequency and time domain as much as possible. The OFDM unit interleaver and time-frequency mapping constitute together a time-frequency interleaver of OFDM units.

6.2.4
User traffic multiplexing

TBD

6.2.5
Mapping of Rel 5 HS-DSCH Signalling onto the OFDM HS-DSCH Signalling 

6.2.5.1
Downlink DPCH

TBD

Editor’s note: the Rel 5 DPCH pilot bits are not mapped as such. Rather, OFDM-specific pilot sub-carriers are defined and mapped on the Scattered Pilot OFDM physical channel. Definition of scattered pilots can be provided here. 

6.2.5.1
HS-SCCH

TBD

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

-------------------------------START of the TEXT in Reference Section --------------------------------------
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-------------------------------END of the TEXT in Reference Section --------------------------------------
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