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1. Introduction
The OFDM HSDPA in the 3GPP cellular system has been investigated as a 3GPP SI [1]. For the evaluation of the overall performance of OFDM HSDPA, the practical requirements for the overheads would be required. As one of the overhead signals, the pilot performance of OFDM HSDPA has been evaluated according to the two aspects: the utilization of the pilot [2][3] and the power of pilot symbols [4]. In the last meeting, the performance of OFDM HSDPA according to the amount of the physical resource allocated to the pilot channel was presented by [3] and some comments were made about simulation assumptions, especially pilot power allocation. This document gives the additional simulation results for the various channel environments with simulation assumptions modified based on the comment from the last meeting. The results may offer more insights regarding the required resource utilization for the pilot channel in OFDM HSDPA.

2. Simulation assumptions
A link simulation was performed to get the BLER performance of an OFDM HSDPA configuration with channel estimation by frequency-time pilot symbols. It was assumed that total frequency-time resource in a TTI consists of pilot channel, signaling channel and 15 physical channels for user traffic, where each user traffic channel consists of 480 QAM symbols as in WCDMA HSDPA. Various percent utilizations of the pilot channel over frequency-time resource allocated to the pilot channel were considered and the pilot channel distribution was varied according to the utilization. QAM symbols of each user traffic channel is assumed to be distributed in random manner over frequency-time domain and BLER performance of one user traffic channel was simulated. More detailed simulation assumptions are shown in Table 1.

Table 1. Simulation parameters

	Reference OFDM physical configuration set
	SET2 [1]

	Channel model
	Pedestrian A (3km/hr), Pedestrian B (3km/hr), Vehicular A (30km/hr)

	Modulation
	16QAM

	Channel coding
	1/2 Turbo code

	Number of channel coded bits
	1920 bits

	User traffic allocation pattern
	Random pattern in frequency-time domain

	Pilot allocation pattern
	Square pattern in frequency-time domain

	% utilization of the frequency-time resource for the pilot channel
	0.1%, 0.5%, 1%, 2%, 5%, 10%

	Interpolation method for the channel estimation
	2-D linear interpolation in frequency-time domain

	Power for CPICH
	-10 dB (10% of total maximum available transmission power)

	Power for signaling channel
	-10 dB (10% of total maximum available transmission power)

	Time window for OFDM prefix/postfix
	Triangular window

	Simulation stopping condition
	More than 300 erroneous blocks observed


Frequency-time symbols for pilot channel are allocated by square pattern uniformly in time domain and frequency domain. Table 2 shows the pilot allocation pattern and the pilot power used in the simulation.

Table 2. Pilot allocation pattern and power ratio in the simulation

	% utilization of the frequency-time resource for the pilot channel
	Number of OFDM symbols which contain pilot symbols in a TTI
	Number of subcarriers allocated to pilot symbols in an OFDM symbol
	Power ratio of pilot symbol to data symbol [dB]

	0.1%
	2
	4
	20.51

	0.5%
	2
	21
	13.30

	1 %
	2
	42
	10.29

	2 %
	2
	84
	7.26

	5 %
	4
	106
	3.27

	10 %
	6
	141
	0.26


3. Simulation results
OFDM HSDPA decoding performance under Pedestrian A, Pedestrian B and Vehicular A channel environments were simulated. In the ‘ideal’ channel estimation cases, one snapshot of channel impulse response during each OFDM symbol was directly used to demodulate the data symbols. It should be noted that this ‘ideal’ channel estimation cannot remove all the distortion perfectly due to the time varying channel characteristics.

Figure 1 through Figure 3 show the BLER performances of OFDM HSDPA for various % utilizations of pilot. The x-axis in the figures represents the average signal to noise ratio of data plus pilot symbols. As shown in the figures, the performance degradation due to the realistic channel estimation varies from about 0.3 dB to 1.8 dB as the % utilization varies from 1 % to 10%. Two extreme cases, 0.1% and 0.5% pilot utilization show much degradation. 

In all channel environments, 1%, 2% and 5% pilot utilization show similar performances, while the 10% utilization give poorer performance with about 0.5dB larger degradation. This is because the pilot power of 10% case is so low that it does not guarantee the reliable pilot detection, since the total pilot energy was fixed to the 10% of total transmission energy.

On the other hand, an extreme case, 0.1% utilization shows poor performance in all channel environments. Particularly, in Pedestrian A, 0.1% utilization shows around 2.5dB degradation compared to the ideal case at the BLER 10-1, while it always shows BLER 1 in the other channels. Another extreme case, 0.5% utilization shows 0.5dB degradation compared with the ideal case in Pedestrian A, while much larger degradation in other channels. This is because Pedestrian A channel can be seen as a nearly frequency non-selective channel, where excessive pilot allocation over certain amount in frequency domain doesn’t show considerable benefits.

It should also be noted that the BLER performance degrades much in case of 10% utilization. This means that careful consideration on the trade-off between frequency-time resource utilization and power utilization is required in the pilot channel design for OFDM HSDPA to maximize the channel estimation efficiency.

Note that, in this simulation, the channel estimation was performed using the simplest 2-D linear interpolator. With an appropriate interpolator, the channel estimation error could be reduced so that the performance gap would be narrower. 

It can be also noted that the best results (2% and 5% of pilot utilization) lead to acceptable pilot/data power ratios (7.26 dB and 3.27dB respectively), whereas 0.1% and 0.5% pilot utilization requires too much pilot power which seems almost impractical. 
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Figure 1. BLER performance of OFDM HSDPA, Pedestrian A, 3 km/hr
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Figure 3. BLER performance of OFDM HSDPA, Vehicular A, 30 km/hr

4. Conclusions
The BLER performances with pilot channel in OFDM HSDPA were observed according to the resource utilization of the pilot channel. It was shown that the number of pilot symbols allocated to the pilot channel should be selected carefully to obtain good efficiency in the channel estimation. Although OFDM physical configuration set 2 only was considered for the convenience of simulation, the results would be in line with configuration set 1 since the similar effect of the pilot allocation can be obtained for set 1 by simple rescaling in frequency-time domain. It is proposed that the simulation results and discussions shown in this paper is included in the section 6.5.2.1 of TR 25.892 [1].
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6.2.5.1
Considerations on the Design of OFDM Pilot Channel (OFDM-CPICH)

The design optimization of an OFDM-CPICH channel would be highly dependant on the exact parameters selected for an OFDM specification. Nevertheless, some aspects, such as inter-pilot spacing in time and frequency, and relative power level of the pilot symbols, can be considered, irrespective of the specific OFDM parameters. 
Figure 23 through Figure 25 show the BLER performances of OFDM HSDPA according to the various percent utilizations of pilot over frequency-time resource. The simulation assumptions are based on the annex A and summarized in Table 4. Frequency-time symbols for pilot channel are allocated by square pattern uniformly in time domain and frequency domain. Table 5 shows the pilot allocation pattern and power ratio.

Table 4: Simulation parameters for the evaluation of OFDM CPICH performance

	Reference OFDM physical configuration set
	SET2

	Modulation
	16QAM

	Channel coding
	1/2 Turbo code

	Number of channel coded bits
	1920 bits

	User traffic allocation pattern
	Random pattern in frequency-time domain

	Pilot allocation pattern
	Square pattern in frequency-time domain

	% utilization of the frequency-time resource for the pilot channel
	0.1%, 0.5%, 1%, 2%, 5%, 10%

	Interpolation method for the channel estimation
	2-D linear interpolation in frequency-time domain

	Power for CPICH
	-10 dB (10% of total maximum available transmission power)

	Power for signaling channel
	-10 dB (10% of total maximum available transmission power)

	Time window for OFDM prefix/postfix
	Triangular window

	Simulation stopping condition
	More than 300 erroneous blocks observed


Table 5: Pilot allocation pattern and power ratio for the evaluation of OFDM CPICH performance

	% utilization of the frequency-time resource for the pilot channel
	Number of OFDM symbols which contain pilot symbols in a TTI
	Number of subcarriers allocated to pilot symbols in an OFDM symbol
	Power ratio of pilot symbol to data symbol [dB]

	0.1%
	2
	4
	20.51

	0.5%
	2
	21
	13.30

	1 %
	2
	42
	10.29

	2 %
	2
	84
	7.26

	5 %
	4
	106
	3.27

	10 %
	6
	141
	0.26


In figures, the x-axis represents the average signal to noise ratio of data plus pilot symbols. The performance degradation due to the realistic channel estimation varies from about 0.3 dB to 1.8 dB as the % utilization varies from 1 % to 10%. Two extreme cases, 0.1% and 0.5% pilot utilization show much degradation. Note that ,  compared with 1%, 2% and 5% utilization, 10% pilot utilization gives degraded performance under fixed average pilot power condition. It should be also noted that the channel estimation was performed using the simplest 2-D linear interpolator. With an appropriate interpolator, the channel estimation error could be reduced so that the performance gap would be narrower. It can be also noted that the best results (2% and 5% of pilot utilization) lead to acceptable pilot/data power ratios (7.26 dB and 3.27dB respectively), whereas 0.1% and 0.5% pilot utilization requires too much pilot power which seems almost impractical.
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Figure 23: BLER performance of OFDM HSDPA, Pedestrian A, 3 km/hr
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Figure 24: BLER performance of OFDM HSDPA, Pedestrian B, 3 km/hr
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Figure 25: BLER performance of OFDM HSDPA, Vehicular A, 30 km/hr

---------------------------------- End of Text Proposal for TR25.892 ----------------------------------









































































