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1 Introduction

The objective of this contribution is to introduce an example reference OFDM configuration which may be considered to evaluate the performance of OFDM in the framework of the SI on OFDM introduction in UTRAN. In this particular example the configuration is targeting the support of background and interactive services without simultaneous reception of other services (streaming or conversational). Indeed it is our view that the SI work should proceed in a phased approach, the first phase addressing these particular services. This OFDM configuration assumes the use of. a separate downlink carrier bearing an OFDM HS-DSCH (for comparison with Rel 5 HS-DSCH) or an OFDM DSCH (for comparison with Rel 99 DSCH).

In this contribution, the first part outlines the configuration for the Rel 5 architecture, and the second part discusses the configuration for application to a Rel 99 architecture.  This contribution is provided for information and discussion to aid the study item within RAN1 considering the application of OFDM technology in UTRAN.

2 Part 1: OFDM HS-DSCH

The reference architecture for the OFDM HS-DSCH is first defined in Section 2.1. Reference physical and system level parameters are provided in Sections 2.2  

2.1 Reference Network Architecture and Service Mapping

The reference architecture is generic, and is compatible with the current 3GPP Rel 5 configuration. In this configuration, new data services are provided through the use of a separate 5 MHz downlink carrier, supporting the OFDM HS-DSCH transmission. The reference architecture is shown in Figure 1.
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Figure 1 Network deployment for the OFDM HS-DSCH transmission

The separate OFDM DL carrier is operated using HSDPA features, such as link adaptation and HARQ. In this configuration, network access is always performed through the Rel 5 WCDMA architecture, and handover to the high bit rate OFDM carrier occurs when needed for high rate interactive background and streaming data services. A UE with OFDM HS-DSCH receiving capabilities shall therefore also have Rel 5 WCDMA receiving capabilities. The WCDMA is utilized for initial network access using the Rel 5 access procedure. When there is a requirement for high bit rate traffic, the HS-DSCH mode is initiated, using either the WCDMA DL carrier (Rel 5 HSDPA) or the separate OFDM DL carrier. 

A UE with OFDM HS-DSCH receiving capabilities is not required to receive the WCDMA and OFDM carriers simultaneously. This implies that, if there is a need for real time services, such as voice communications supported only on the WCDMA carrier, the UE shall use the WCDMA mode. Simultaneous WCDMA and OFDM modes reception is possible however if desired for some UE.  In this configuration, the current UMTS uplink carrier is reused and is considered to have sufficient capacity to support either a Rel 5 WCDMA DL carrier, or the separate OFDM DL carrier. There is no special assumption about the separate carrier frequency. 

2.2 Reference Physical Layer Structure of OFDM HS-DSCH

The transport channel coding structure for HS-DSCH, as defined in [1] (see Figure 1 of [1]) is retained. Figure 2 shows two additional blocks, the User Traffic Multiplexing and the Symbol interleaver, both of which are detailed in this section.  

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 [1]. Each traffic transport block is first coded with CRC attachment, code block segmentation, channel coding, and HARQ, as indicated in [1]. The output of the HARQ block is then segmented into one or more Traffic OFDM Physical Channels, as defined below. A UE can therefore be assigned multiple Traffic OFDM physical channels. Each Traffic OFDM Physical Channel is interleaved as indicated in [1], and each resulting HS-DSCH interleaved data block is mapped to a vector of symbols, taken from the selected QAM constellation. Note that the QAM constellation can differ from one Traffic OFDM physical channel to another. Each QAM symbol vector is then mapped onto a subset of the total set of OFDM subcarrier indices. This subset of the subcarriers is used to multiplex all of the Traffic OFDM Physical Channels in a composite symbol vector, which is then interleaved across all subcarrier locations.  Symbol interleaving is performed to provide frequency diversity. It is performed across all subcarrier indices to provide the largest possible diversity, as opposed to a user-based interleaving.

2.2.1 Physical Channels

Physical channels are defined by a specific carrier frequency, set of orthogonal subcarriers, time start & stop (or duration), symbol interleaving pattern and possibly frequency hopping pattern (see Section 2.3). Given a carrier frequency, physical channels are therefore mapped onto  a specific 2-dimensional area in the time-frequency plane.  Before symbol interleaving, each physical channel corresponds to a set of consecutive  subcarriers, while after symbol interleaving, the subcarriers 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 basic time interval for OFDM subcarrier transmission. It corresponds to the computation of one inverse FFT in the transmitter. 
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Figure 2 Coding chain for OFDM HS-DSCH

2.2.2 Physical Layer Structure in the Frequency Domain

HS-DSCH transmission for the separate OFDM DL carrier uses orthogonal subcarriers from a fixed set. The UE may be assigned a variable number of subcarriers in the same TTI, depending on its capability.  Furthermore, multiple UEs may be assigned subcarriers in the same TTI (i.e. multiplexing of multiple UE’s in the frequency domain is allowed). For a given UE, multiplexing of information among the subcarriers is also possible.

The OFDM signal is generated as indicated in Figure 3. The OFDM symbol duration is fixed at a value T sec 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 into a vector identified as the OFDM symbol with N samples per symbol.
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Figure 3 Reference OFDM signal generation for multiple HS-DSCH
2.2.3 Physical Layer Structure in the Time Domain

The frame structure is a sequence of OFDM symbols. The frame structure has three important aspects (see Figure 4): 

· the frame length is 10msec, which is of the same as a PDSCH radio frame. 

· the HS-DSCH TTI length is  2 msec

· the number of OFDM symbols per frame is K=60 , and the corresponding number of OFDM symbols per TTI is L=12 (for 1kFFT)
Depending on its location within the frame, the OFDM symbol is composed of a specific combination of pilot samples, signaling or data sub-carriers.

The frame timing is identical to that of the WCDMA DL and the timing information can be handed over to the OFDM receiver, when OFDM HS-DSCH is used.

[image: image4.wmf] 

1 radio frame 10ms

 

OFDM Frame 

 

TTI

-

2ms

 

OFDM 

Symbol 1

 

OFDM 

Symbol 2

 

OFDM 

Symbol L

 

OFDM 

Symbol K

 


Figure 4 Frame structure for the OFDM HS-DSCH 

2.2.4 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. An illustrative time-frequency plane is shown in Figure 7, where the frequency guard bands extend from subcarrier indices 1 to N1 -1 and from N2 +1 to N, where N is the FFT size. 

The OFDM physical channels are defined as follows :

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. The “P” locations of Figure 5 represent this channel. 

2) The Signaling OFDM physical channel: the set of time-frequency locations, within a 2 msec TTI, containing signaling information. This is a shared channel. The “S” locations of Figure 5 represent this channel. The specific time-frequency locations used for signaling 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. For a given TTI, each Traffic OFDM physical channel is a function of the symbol interleaver, or of the frequency hopping pattern (see Subsection 2.3.1).   

Figure 7 illustrates an assignment for Traffic OFDM physical channels, before they are interleaved or frequency hopped. 
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Figure 5 Illustrative OFDM TTI time-frequency structure; P = pilot sub-carrier, S = signaling sub-carrier, D = data traffic sub-carrier.
2.2.5 Mapping of Rel 5 HS-DSCH Signaling onto OFDM HS-DSCH Signaling

The basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signaling, as seen from the UE point-of-view, is illustrated in Figure 6  [1]. It consists of a downlink DPCH and a number of HS-SCCHs.  For each HS-DSCH TTI, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signaling for one UE.  The number of HS-SCCHs can range from a minimum of one HS-SCCH (M=1) to a maximum of four HS-SCCH’s (M=4).  The UE has the capability to simultaneously monitor 4 HS-SCCHs.
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Figure 6 Basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signaling
2.2.5.1 Downlink DPCH

The DL DPCH has three types of Layer 1 signaling information: 

· pilot bits, 

· (optional) Transport Format Combination Indicator (TFCI) bits and,

· Transmit Power Control (TPC) command bits.

Each 2560-chip slot of a 10msec downlink DPCH frame contains bits corresponding to these three types of information. 

In the OFDM HS-DSCH, these bits are mapped as follows:

1) the pilot bits are mapped to the Scattered Pilot OFDM Physical Channel, 

2) the TFCI bits are mapped to the Signaling OFDM Physical Channel  to carry OFDM-specific transport format information,

3) the TPC bits are mapped to the Signaling OFDM Physical Channel. To correspond to the Rel 5 timing, the TPC bits are inserted on the Signaling OFDM physical channel once in every group of 4 OFDM symbols. 

2.2.5.2 HS-SCCH

The Rel 5 HS-SCCH is a fixed rate (60 kbps, SF=128) downlink physical channel used to carry downlink signaling related to HS-DSCH transmission. It is updated every three 2560-chips slots (2 msec). 

In the OFDM HS-DSCH, Channelization-code-set information is not relevant, and is redefined as the 7-bits channelization-code-set information, or combined with some of the other fields, to define OFDM-specific parameters. For example, the following information can be signaled:

· Subcarrier set information 

· Modulation scheme information 

· Transport-block size information 
· Hybrid-ARQ process information 

· Redundancy and constellation version 
· New data indicator 
· UE identity 

The channel coding of these signaling bits follows a procedure similar to that of Rel 5 (Section 4.6, Figure 19, of [2]). This OFDM HS-SSCH information is mapped every 2msec, to the Signaling OFDM Physical Channel.

2.2.5.3 Signaling OFDM Physical Channel

To summarise, the signalling OFDM physical channel is a shared channel, and it is mapped onto OFDM time-frequency plane. Such a mapping consists of fixed mapping part and a flexible mapping part. For the fixed mapping, it contains at least one OFDM HS-SSCH, the flexible mapping part consists of UE specific TPC bits updated at every 4-OFDM symbols. 

2.2.6 Table of Signal Parameters

For illustrative purposes, an example of signal parameters is provided in  Table 1.

	Parameter
	Value

	OFDM frame duration
	10 msec

	TTI duration
	2 msec

	FFT size (parameter N)
	1024

	# of OFDM symbols per frame (parameter K)
	60

	OFDM sampling rate
	6.336 MHz

	Guard time interval (cyclic prefix)
	32 samples (5.051 (sec)

	Subcarrier separation
	6.1875 kHz

	# of OFDM symbols per TTI
	12

	OFDM symbol duration
	0.002/12 sec = 166.67 (sec

	Frequency guard bands (index ranging from 1 to 1024)
	Subcarriers 1 to 148, and subcarriers 878 to 1024 

	# of useful subcarriers per OFDM symbol
	729 (ranging from N1 = 149 to N2 = 877)

	Useful OFDM symbol duration
	161.6162 (sec

	Modulation
	4QAM, 16QAM, 64QAM

	Symbol interleaver
	TBD

	Time window
	TBD, see below

	Scattered Pilot OFDM physical channel locations
	See below


 Table 1 Illustrative signal parameters

2.2.6.1 Discussion of parameters 

a) FFT size and Subcarrier separation

The FFT size N, along with the sampling frequency Fo, gives the subcarrier spacing, i.e.

(f = Fo/N.

This subcarrier spacing should be much larger than the Doppler rate, and also much smaller than the channel coherence bandwidth (inverse of the channel delay spread). The FFT size should also be a power of two.
b) Number of OFDM symbols per frame

In order to allow proper detection through the FFT, the channel should be constant over one OFDM symbol. This implies that 

fd << 1/Ts 
where Ts is the OFDM symbol duration and fd is the Doppler frequency. It is also desirable to have an integer number of OFDM symbols per TTI. Since there are 5 TTIs per frame, the total number of OFDM symbols per frame should be a multiple of 5.  Choosing this number to be 60 gives

1/Ts = 60/0.01 = 6 kHz,

which provides a fair margin against Doppler rates typical of high mobility. This number of symbol per frame is also divisible by 15, which makes the number of OFDM symbols per UMTS slot an integer number.

c) Guard time interval (cyclic prefix) and OFDM sampling rate

Since there are K = 60 OFDM symbols per 10 msec frame (Tframe), and N samples per OFDM symbol, the guard interval G, in samples, bears the following relationship with the overall OFDM sampling frequency Fo
(G + N) K / Tframe = Fo.

Also, assuming a maximum delay spread of 5 (sec (which covers typical ITU channel models; Pedestrian-A, Pedestrian-B and Vehicular-A), the following relationship exists

5(sec < G/Fo
Combining the two expressions, and assuming N = 1024 samples per OFDM symbol, gives

31.67 < G
The guard time interval is chosen to be 32 samples. These 32 prefix samples are chosen to be a repetition of the last 32 samples of the useful OFDM symbol, as shown in Figure 7.

The overall OFDM sampling frequency is 6.336 MHz, given by 

Fo = (32 + 1024) 60/0.01.

The subcarrier separation is Fo/N = 6.1875 kHz, which is much smaller than the inverse of the maximum assumed delay spread (1/5 (sec = 200 kHz).
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Figure 7 Prefix insertion in front of the OFDM symbols
d) Frequency guard bands

Along with the time windowing applied on a frame basis, the guard bands are defined to meet the 3GPP frequency emission mask. 

e) Useful OFDM symbol duration

The useful OFDM symbol duration is given by the following expression

Tu = 1024/sampling frequency,

i.e. Tu = 161.6162 (sec.

f) Time window

In order to meet the 3GPP frequency emission mask, time windowing can be applied on each end of the OFDM symbol.

g) Scattered Pilot OFDM physical channel locations

The pilot locations in the frequency-time plane are a function of the channel Doppler rate and delay spread. To satisfy the 2-dimensional sampling theorem, in the time dimension, the pilot sample frequency must be at least twice the Doppler rate, while in the frequency dimension; the separation between pilots must be smaller than half the inverse of the delay spread.

2.3 Frequency Reuse and Frequency Hopping

Frequency reuse of one is assumed, i.e. the whole 5 MHz band is used in every sector of each cell. Base stations are not required to be synchronized with each other. In order to limit interference from other sectors and cells, fractional frequency loading may be used. This may also be coupled to frequency hopping.

2.3.1 Fractional Frequency Loading

The subcarriers assigned to the Traffic OFDM Physical Channel can be fully used to carry traffic information, or a fraction of the subcarriers can be left unused. The unused bandwidth, once defined, can be thought of as a special user that does not send information on its assigned set of subcarriers. As shown in Figure 8, this null bandwidth can be multiplexed with the set of interleaved symbols. This is referred to as sub-channel multiplexing in Figure 8. The sub-channel multiplexing pattern is fixed within a sector, and can be defined to reduce interference from other sectors and cells.

2.3.2 Frequency Hopping

In addition to the fixed sub-channel multiplexing, hopping of these sub-channels can be introduced, as shown in Figure 8. This hopping is a form of dynamic sub-channel shuffling, with a pattern changing at a pre-determined rate. The fastest rate corresponds to the OFDM symbol rate, while slower rates can be defined by keeping the pattern constant for a given number of successive IFFTs. Note that such hopping makes sub-carrier interleaving redundant. Using a PN type of hopping in each sector, coupled with the use of fractional frequency loading, has the potential to reduce inter-cell interference, by reducing the probability of collision in the frequency domain. 

In order to allow synchronization and channel estimation, the pilot information mapped to the Scattered Pilot OFDM physical channel, is not hopped. Interference across the Pilot OFDM channel is reduced by allocating different pilot patterns (i.e. shifted in time and frequency) to adjacent sectors or cells, and by allocating more power to the Pilot channel. The cell-specific pilot pattern is signaled to the UEs through the signaling physical channel.

2.4 Timing Considerations

 Figure 9 illustrates the timing structure for the HS-DSCH control signaling in Rel 5 HSDPA [1]. As there is an integer number of OFDM symbols per UMTS slot (1/3 of a TTI), the same timing can be applied in the OFDM HS-DSCH. This implies that the TPC and TFCI bits are updated every slot on the Signaling OFDM channel, while the other shared signaling information is updated once per TTI. The same fixed time offset (HS-DSCH-control, between the HS-SCCH information and the start of the corresponding HS-DSCH TTI, is maintained equal to 2*Tslot=5120chips.  
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Figure 8 Reference OFDM signal generation with frequency hopping and fractional loading.
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 Figure 9 Timing structure for HS-DSCH control signaling in Rel 5.
3 Part 2: OFDM DSCH

This second part of the document discusses  OFDM-DSCH in the context of a Rel 99 architecture.  In this case, the separate DL carrier is assumed to be dedicated to data services, with the DSCH mapped onto an OFDM physical layer. There is no radio link adaptation at the Node-B, nor fast HARQ, and the RNC implements user scheduling. This configuration is illustrated in Figure 10.
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Figure 10 Network deployment for the OFDM DSCH transmission 
Similar to the OFDM HS-DSCH of Part 1, in this configuration, the initial network access is performed through the Rel 99 WCDMA architecture, and handover to the high bit rate OFDM carrier is performed when the need for high rate interactive background and streaming data services arises. No dedicated channel (DCH) is supported by the OFDM DL carrier. When there is a requirement for high bit rate traffic, the DSCH mode is initiated, using either the WCDMA DL carrier (Rel 99 DSCH) or the separate OFDM DL carrier.    

A UE with OFDM DSCH receiving capabilities is not required to receive the WCDMA and OFDM carriers simultaneously. This implies that, if there is a need for real time services, such as voice communications supported only on the WCDMA carrier, the UE shall use the WCDMA mode. Simultaneous WCDMA and OFDM modes reception is possible however if desired for some UE. The current UMTS uplink carrier is not modified. The current UMTS uplink carrier is considered to have sufficient capacity to support either a Rel 99 WCDMA DL carrier, or the separate OFDM DL carrier. There is no special assumption about the separate carrier frequency. 

In the following subsections, the similarities and differences with the Part 1 OFDM HS-DSCH configuration are discussed.
3.1 Reference Physical Layer Structure of OFDM DSCH

The transport channel multiplexing structure for the downlink, as defined in [2] (Figure 2) is fully retained, down to the “Physical Channel Mapping” block, which is replaced by the “QAM mapping”, “Mapping on subcarrier numbers”, “User Traffic Multiplexing” and “Symbol interleaving” blocks of Figure 2. Of course, the “Physical channel segmentation” block is here tailored to the OFDM physical layer characteristics, as it was in the description of the OFDM HS-DSCH. 

3.1.1 Physical Channels

OFDM physical channels are defined as in Subsection 2.2, except for the 2 msec HS-DSCH sub-frame, which is not defined for Rel 99.

3.1.2 Physical Layer Structure in the Frequency Domain

The structure is identical to that of Subsection 2.2
3.1.3 Physical Layer Structure in the Time Domain

The structure is identical to that of Subsection 2.2.3, except for the 2 msec TTI, which does not exist. A TTI is defined as in Rel 99, i.e. that it is transport-channel specific, taken from the set {10 ms, 20 ms, 40 ms, 80 ms}.

3.1.4 OFDM Physical Channels Definition

The time-frequency plane of Figure 5 applies also for the DSCH. In this latter case, since the minimum TTI duration is 10 msec, Figure 5 corresponds to the minimum time unit in which the physical channels are defined. As with the HS-DSCH, there are three OFDM physical channels, defined as in Subsection 2.2.4. The traffic physical channels are mapped on the 10 msec TTI in a manner similar to that illustrated in Figure 5.
3.1.5 Mapping of Rel 99 DSCH Signaling onto  OFDM DSCH Signaling

The downlink signaling associated with the Rel 99 DSCH are mapped onto Signaling OFDM physical channel as follows: 
· the pilot bits are mapped to the Scattered Pilot OFDM Physical Channel, 

· the TFCI bits are mapped to the Signaling OFDM Physical Channel  to carry OFDM-specific transport format information,

· the TPC bits are mapped to the Signaling OFDM Physical Channel. To correspond to the Rel 5 timing, the TPC bits are inserted on the Signaling OFDM physical channel once in every group of 4 OFDM symbols
3.1.6 Table of Signal Parameters

The information provided in Subsection 2.2.6 can also apply to the DSCH, except for the details related to the 2 msec TTI.
3.2 Frequency Reuse and Frequency Hopping

The information of Subsection 2.3 also applies to the DSCH.
3.3 Timing Considerations

The timing for the Rel 99 DSCH is essentially related to the transmission of the TPC and TFCI bits once every UMTS slot (2560 chips), and to the transmission of the other signaling information once per 10 msec frame. As there is an integer number of OFDM symbol per UMTS slot, then the Rel 99 timing can be applied in the OFDM DSCH.
3.4 Configuration of the UL

The current UMTS uplink carrier is not modified. 
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