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1 Introduction

This paper provides simulation results for the OFDM Study Item [1]. Some results have been presented at RAN WG1#34 meeting [3] on the performance of OFDM according to the amount of the physical resource allocated to the pilot channel. This paper presents simulation results of OFDM with a fixed number of QAM symbols allocated to the OFDM C-PICH. The results obtained show the impact of the relative power level between pilot symbols and data symbols. These results may provide some indication on the design of OFDM Common Pilot Channel described in section 6.2.5.1 of the Technical Report.
2 Simulation parameters
Following parameters are identical to those defined in [2], here we assume all of the 15 data units within a given TTI are allocated to a single user (see Table 1 below). This corresponds to 7200 QAM data symbols per 2 ms TTI as in Rel.5 HSDPA.

In this contribution 2 MCS are simulated:  QPSK 2/3 and 16QAM 1/2 (as in [3]). OFDM parameters from Set 2 [1] are simulated.
	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition
	Code Block Segmentation
	R=1/3 Turbo Encoding
	Rate Matching

	QPSK
	2/3
	9600
	9624
	2×4812
	28896
	14400

	16QAM
	1/2
	14400
	14424
	3×4808
	43308
	28800


Table 1 – Bit Payload and code block sizes for 15 OFDM Data Units par 2 ms TTI
 
[image: image1]
Figure 1 – Pilots and signalling symbols in the TTI
On figure 1, the structure of the TTI is given. Pilot symbols are depicted in blue (P), signalling symbols in red (S) and data symbols in green (D).

Pilots are allocated in square patterns each 16 subcarriers on the frequency axis and each 2 symbols in the time domain. This pilots repartition leads to 45 × 6 = 270 pilot symbols per TTI.

As the total number of available QAM symbols per TTI with Set 2 is 12 × 705 = 8460 and the amount of symbols per TTI reserved for data transmission is 7200, we have 990 symbols per TTI available for signalisation. In order to have exactly 990 QAM symbols allocated to signalisation in each TTI, some additional signalisation symbols that are not depicted on figure 1 are added.  In each even OFDM symbol we have 33 signalling symbols (each 21 subcarriers). Note that signalling symbols are modulated but unused by the UE in this set of simulations.

For this contribution we test 4 relative power levels between pilots and data subcarriers. If we denote E the power of one pilot symbol and e the power of one data (or signalling) symbol, we simulated : 

	E/e in power (linear)
	1
	1.55
	2.25
	3.06

	E/e in power (dB)
	0
	1.9
	3.5
	4.8

	% of total transmit power allocated to OFDM-CPICH
	3.2
	4.9
	6.9
	9.2


Table 2 – Relative power levels simulated
For channel estimation we use a linear interpolation over both time and frequency axis. This interpolation method is very simple and sufficient for this paper but of course not optimal. Note that if the power allocated to OFDM-CPICH is over 10 % performances are not better and are even degraded if this power exceeds 20 % (see Figure 2).
3 Simulation results
Performances are presented in BER vs. C/N. In the case of ideal estimation, pilot and signaling symbols are transmitted in the TTI at the same locations as on Figure 1 with the same transmit power than data symbols (but they are unused by the receiver). The linear interpolation and this assumption for C/N computation explain the gap of 1 dB between ideal and realistic channel estimation.
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Figure 2 – QPSK 2/3 over Vehicular A (30 km/h) channel
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Figure 3 – QPSK 2/3 over Pedestrian B (3 km/h) channel
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Figure 4 – 16QAM 1/2 over Vehicular A (30 km/h) channel
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Figure 5 – 16QAM 1/2 over Pedestrian B (3 km/h) channel
4 Conclusion
These simulation results show that pilot symbols need to be transmitted with a higher power than data symbols to improve BER. Various relative power have been checked but if we limit to 10 % of the total transmit power, the global BER performance in C/N improves as the power of pilots is increased. This result is not so obvious because as power of pilot symbols increases, relative SNR on data symbols reduces. So in this paper we show that for a given pilot repartition, 7 to 10 % of the total transmit power allocated for OFDM-CPICH leads to the best results.
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