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1. Introduction

At the last WG1 meeting in San Diego two parameter sets were proposed for further study and simulation within the OFDM study item [1]. This contribution pertains to the reference parameter Set1 [2] and proposes the basic pilot, signalling and data bearing structures as well as the coding and multiplexing chain.

2. The Proposed Physical Channel Structure

In line with WCDMA HSDPA, OFDM HSDPA physical channels must be defined to transmit pilots, signalling and user data [3]. For clarity, we use the acronym ‘WCDMA’ or ‘OFDM’ together with an appropriate physical channel.

It has been recognized that a transmit bandwidth of approximately 4.5 MHz, together with an odd number of subcarriers are desirable for spectral mask compliance. Thus, we previously proposed that Set1 comprises 299 subcarriers spaced by 15 kHz. Our experience since the San Diego meeting indicates that the 299-subcarrier system does not naturally divide into a simple physical channel structure. We therefore propose to reduce the number of active subcarriers to 297, which makes the channel definition more straightforward while providing sufficient resources, as described below. The basic physical layer parameters are repeated in table 1 for convenience.

	Parameters
	Set 1
	Set 2

	TTI duration (ms)
	2 
	2

	FFT size (points)
	512
	1024

	OFDM sampling rate (Msamples/s)
	7.68
	6.528

	Guard time interval (cyclic prefix) (samples/μs)
	56 / 7.29                 57 / 7.42
	64 / 9.803


	Subcarrier separation (kHz)
	15
	6.375

	# of OFDM symbols per TTI 
	27
	12

	total OFDM symbol duration (μs)
	73.96

74.09
	166.67

	# of useful subcarriers per OFDM symbol 
	297
	705

	OFDM bandwidth (MHz)
	4.455 
	4.495


Table 1  OFDM physical layer parameters.

2.1. The Pilot Channel

The physical channel that carries the pilot information is referred to as the OFDM CPICH (OFDM common pilot channel). The pilot grid must satisfy the sampling theorem in frequency and time.

In the frequency-domain, the pilot spacing 
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where 
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 is the maximum channel delay spread. The OFDM mode is designed for ISI resilience under the VehicularA and PedestrianB channel models; the maximum delay spread of the two is equal to 3.7 us. To allow some margin, we set 
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to 4 us, which leads to 
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 < 125 kHz. In practice, a pilot spacing smaller than this (say 60 kHz) would be required for robust estimation with short interpolation filters. However, typical power profiles decay quickly, e.g. the relative power of the last paths of the VehicularA or PedestrianB channels falls below –20 dB. Estimating such paths is of little benefit, therefore we propose a pilot spacing of 120 kHz, implemented by placing a pilot on every 8th subcarrier, where subcarrier spacing is 15 kHz.

In the time-domain, the pilot spacing 
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 must satisfy the following condition:
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where fd is the maximum Doppler frequency. Assuming a carrier frequency of 2 GHz and mobile speed of 120 km/h, this leads to 
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< 4.5 ms. Since, in reality, only a finite-length interpolation filter can be used, the pilot spacing should not exceed 2 ms. In addition, practical issues such as memory requirements as well as support for higher mobile speeds or carrier frequencies favour a significantly smaller pilot spacing. A pilot spacing equal to 150 us is proposed for Set1.

The pilot grid that satisfies the above conditions and facilitates a natural resource allocation to signalling and data channels is shown in figure 1. The pilot symbols are spaced by two OFDM symbols in the time domain, which corresponds to approximately 150 us. In the frequency domain, the pilot spacing is equal to eight subcarriers i.e. 120 kHz. The proposed pilot grid leaves 7753 symbols available for data and signalling. In order to avoid pilot collisions in a multicell deployment, additional pilot sequences can be defined that are offset in time, compared to the pilot placement in figure 1.
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Figure 1  Segmentation of the time-frequency plane into pilots and modulation units for a 2 ms TTI (before frequency interleaving). P denotes the pilot channel; A, C – 15-symbol modulation units; B – 16‑symbol modulation unit.

2.2. The Data Channel (OFDM HS-PDSCH)

The WCDMA HSDPA can support up to 15 length-16 spreading codes for transmitting user data (assuming one scrambling code). A spreading factor 16 equates to a resource pool of 480 symbols per 2 ms. We aim to match this resource allocation in OFDM HSDPA.

As shown in figure 1, the time-frequency plane has been divided into modulation units A, B and C. They can be thought of as elementary ‘building bricks’ from which data and signalling channels are constructed. There is a total of 241 units of type A, each comprising 15 symbols, 240 units of type B, each comprising 16 symbols and 18 units of type C, each comprising 15 symbols. A total of 7725 symbols is allocated to different modulation units, and 28 symbols are currently left unused.

OFDM data channels (OFDM HS-PDSCH: high-speed physical downlink shared channel) comprise one or more resource pools of 480 symbols. A resource pool is composed from an appropriate number of modulation units A, B and C. This composition is to be fixed, in order to maintain the same amount of signalling as in WCDMA HSDPA. An example composition is shown in table 2. Resource pools 0-7 are composed of 30 modulation units of type B each, and resource pools 8-14 are composed of 32 modulation units of type A each.

	resource pool index
	modulation units
	total symbol allocation per 2 ms TTI

	0
	{B0, B8, B16, … , B232} (30 units)
	480

	1
	{B1, B9, B17, … , B233} (30 units)
	480

	…
	…
	…

	7
	{B7, B15, B23, … , B239} (30 units)
	480

	8
	{A15k+1, A15k+8, k = 0,1,…,15} (32 units)
	480

	9
	{A15k+2, A15k+9, k = 0,1,…,15} (32 units)
	480

	…
	…
	…

	14
	{A15k+7, A15k+14, k = 0,1,…,15} (32 units)
	480

	15
	{A0, A60, A120, A180} (4 units)
	60

	16
	{A15, A75, A135, A195} (4 units)
	60

	17
	{A30, A90, A150, A210} (4 units)
	60

	18
	{A45, A105, A165, A225} (4 units)
	60


Table 2  Example of forming 480-symbol resource pools from modulation units.

2.3. The Signalling Channels

The signalling information includes the OFDM HS-SCCH, the DCCH and the DPCCH.

The OFDM HS-SCCH (OFDM high-speed shared control channel) is the physical channel that corresponds to the WCDMA HS-SCCH. A WCDMA HS-SCCH comprises 60 symbols per a 2 ms TTI; four such channels may be transmitted in parallel. We assume an OFDM HS-SCCH to require the same amount of resources. Accordingly, four 60-symbol resource pools have been allocated, as shown in table 2 (pools 15-18).

The DCCH (dedicated control channel) carries control information such as RRC signalling. As shown in the example in [4] section 4.1.1.3.1.1, the maximum DCCH data rate is 3.4 kbps. After coding this gives a maximum of 516 bits per a 40 ms TTI [4], which translates to 26 bits per user per 2 ms.

The DPCCH (dedicated physical control channel) carries the TPC, TFCI and dedicated pilot bits. The pilot bits are already accounted for by the foreseen OFDM pilot grid. The typical scenario is to have 2 TPC bits per user per timeslot, and 30 TFCI bits per 10 ms, which gives a combined TPC+TFCI figure of 12 bits per user per 2 ms. 

The DCCH and DPCCH total a maximum of 38 bits per user per 2 ms. The resources available in unallocated modulation units (A240, C0..C17) are equal to 285 symbols or 570 bits (QPSK), which should in principle enable DCCH and DPCCH signalling to up to 15 users (15*38 = 570).

There are additional constraints that must be considered when mapping the DCCH and DPCCH information onto the physical medium. For example, two TPC bits per user must be present in every timeslot; in addition, the signalling information should be pseudorandomly dispersed across the time-frequency resources for robustness agains channel fading. The precise allocation of modulation units for DCCH and DPCCH to meet such requirements is left for furter study.

2.4. Power Spectrum Considerations

The issues related to the power spectrum of the OFDM signal are discussed in more detail in the companion paper [5].

3. Channel Coding and Multiplexing

The proposed OFDM HSDPA coding and multiplexing chain is shown in figure 2 and generally follows the ideas already discussed in RAN1 [3]. Compared to WCDMA HSDPA, the OFDM HSDPA implementation differs in the final stages of the chain:

· The physical channel mapping depends on mapping the QAM symbols onto physical resource pools, as described above. This mapping is to proceed in the natural order. STTD-specific processing can be applied to time-contiguous symbols within modulation units of type A and B.

· The multiplexer forms complete frequency-domain vectors for input to the IFFT.

· An additional frequency interleaver is added to exploit frequency diversity. The pilot symbols are excluded from the interleaving operation. For the sake of space-time transmit diversity, the interleaver maintains the time-domain coupling between neighbouring OFDM symbols in modulation units of type A and B. Since the physical channel mapping already provides some spreading and randomization over the transmit bandwidth, the interleaving algorithm can be fixed for a given cell. The 2nd interleaver structure of TS 25.212 is believed to be appropriate, however, different column permutation patterns should be used in different cells to minimize the inter-cell interference.
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Figure 2  The proposed OFDM HSDPA coding and multiplexing chain.

4. Conclusion

In this contribution, we reviewed the requirements and proposed structures for the transmission of pilot, signalling and user data by means of OFDM HSDPA. The number of active subcarriers for Set1 can be reduced from 299 to 297, leaving an adequate number of resources. The time-frequency plane is divided into modulation units, which in turn are grouped into resource pools. The grouping is to be fixed, and one example grouping has been provided that matches the resource allocation of WCDMA HSDPA.

5. Texproposal for TR 25.892

Based on the above discussion, we would like to contribute the following text proposal for the TR 25.892.

--------------------------------------- start of text proposal---------------------------------------

6.2.X
Physical Channel Definition for Reference Set1

6.2.X.1
Scattered Pilot Channel

The scattered pilot channel is defined on a quincunx grid shown in figure 2 for a 2 ms TTI. Pilot spacing is equal to 2 OFDM symbols in the time domain and to 8 subcarriers in the frequency domain.

6.2.X.2
OFDM Units

The time-freqency place corresponding to a 2 ms TTI is divided into OFDM units of type A, B and C, as shown in figure 2. There are 241 units of type A, each comprising 15 symbols, 240 units of type B, each comprising 16 symbols, and 18 units of type C, each comprising 15 symbols. A total of 7725 symbols is available in all OFDM units.

OFDM units are grouped into resource pools. A resource pool is composed from an appropriate number of modulation units A, B and C to match the resource allocation available in WCDMA HSDPA. This composition is to be fixed. A physical channel is formed from one resource pool or from a group of resource pools.

6.2.X.3
The Scattered Signalling OFDM Physical Channel

The scattered signalling physical channel carries three types of information: the OFDM HS‑SCCH, the DCCH and the TPC and TFCI bits of the DPCCH.

tbc

6.2.X.3.1
The OFDM HS-SCCH

tbc

6.2.X.3.2
The DCCH

tbc

6.2.X.3.3
TPC and TFCI Bits

tbc

6.2.X.4
The Scattered Traffic OFDM Physical Channel

tbd
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Figure 2  The segmentation of the time-frequency plane into scattered pilots and OFDM units for a 2 ms TTI (before frequency interleaving). P denotes the pilot channel; A, C – 15-symbol OFDM units; B – 16‑symbol OFDM unit.

--------------------------------------- end of text proposal---------------------------------------
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