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1 Introduction

The channel estimation performance of the E-UTRA systems is dependent on the choice of pilot patterns. 
According to TR25.814 [1], the pilot symbols are inserted into the time/frequency grid according to a known pattern. In order to support advanced antenna solutions such as MIMO, beam-forming, etc., different pilot-symbol patterns should be transmitted for different TX antennas, different beams, etc., and some multiple orthogonal properties should be satisfied by the pilot-symbol patterns on the TX antennas within one cell.  
In general, two kinds of orthogonal pilot patterns can be designed [2]:

· Disjoint orthogonal pilots 

· Consecutive orthogonal pilots

With disjoint orthogonal pilots, different TX antennas exclusively occupy certain pilot tone(s) for the pilot symbol transmission, and the other antennas transmit null if one antenna is transmitting pilot symbol. With consecutive orthogonal pilots, the TX antennas occupy the consecutive time/frequency units for the pilot transmission. The other antennas can still transmit pilot symbol if one antenna is transmitting pilot symbol in a certain time/frequency unit, and the consecutive pilot symbols from one TX antenna should be orthogonal to the other TX antennas.

For each pilot pattern, the same or the different pilot symbols can be used to fill in the pilot grids over frequency. 

In this proposal, the disjoint and consecutive orthogonal pilot patterns used for channel estimation for coherent demodulation/detection in OFDMA transmissions are discussed with an emphasis on MIMO scenario.

The pilot patterns may also apply to channel-quality measurements for CQI reporting in the MIMO transmission scenario [3][4].
2 Pilot patterns

2.1 Disjoint orthogonal pilot pattern
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According to TR25.814, in the OFDMA transmission, multiple orthogonal pilot-symbol patterns should be possible within one cell [1]. One straightforward method is the disjoint orthogonal pilots [5]. Taking two TX antennas as an example, one arrangement of disjoint orthogonal pilots is illustrated in Fig. 1.

Fig. 1. Disjoint arrangement of pilots for 2 TX antennas 

It might be possible to have other arrangements of disjoint orthogonal pilots [6]. The commonness of the disjoint orthogonal pilots is that if one TX antenna is transmitting pilot symbol in some time/frequency grid, the other TX antenna should transmit null in that grid. 

For the disjoint orthogonal pilot pattern, the same or the different pilot symbols can be used to fill in the pilot grids over frequency for each TX antenna. 

2.2 Consecutive orthogonal pilot pattern
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Another method is the consecutive orthogonal pilots using the time/frequency coherence of the channel. The channel can be assumed unchanged over small time/frequency range. Taking two TX antennas as example, in this method, both TX antennas are transmitting pilot symbols in the pilot time/frequency unit. Assuming the channel unchanged over two consecutive OFDM sub-carriers, the pilot symbols are transmitted over two consecutive OFDM sub-carriers, as shown in Fig. 2. And the consecutive pilot symbols in the first antenna should be orthogonal to those in the second antenna. 

Fig.2. Consecutive orthogonal pilot arrangement for 2 TX antennas (pattern A)

For the consecutive orthogonal pilot pattern, the same or the different pilot symbols can be used to fill in the pilot grids over frequency for each TX antenna. 

3 Simulation

The simulation parameters are shown in Table 1. In the simulation, the disjoint orthogonal pilot symbols are arranged as in Fig. 1, although the similar simulation result can be expected for the other disjoint orthogonal pilot arrangement such as in [6] under the same bandwidth efficiency. As for the disjoint orthogonal pilots, in the case that the same pilot symbol is filled into the pilot grids over frequency for each TX antenna, the pilot symbol for each pilot grid is 
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 for both antennas. As for the consecutive orthogonal pilots,,in the case that the same pilot symbols are filled into the pilot grids over frequency for each TX antenna, the pilot symbols for the first antenna at the first and second consecutive sub-carriers are 1 + j, –1 – j, respectively, and for the second antenna at the first and second consecutive sub-carriers are 1 – j, 1 – j , respectively. The total energy of disjoint orthogonal pilot symbols is the same with that of consecutive orthogonal pilot symbols in the simulation. Space-frequency block coding (SFBC) is used for the MIMO data transmission.

Table 1. Channel and system parameters in simulation
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In Fig. 3, the MIMO OFDMA system performance with disjoint orthogonal pilot patterns is compared to that with consecutive orthogonal pilot patterns. For every three OFDM symbols there is one OFDM symbol with pilot symbol transmission. Two pilot symbols are inserted for every six sub-carriers in the frequency domain. It is shown that if the same total energy of pilots is considered, for both disjoint orthogonal pilots and consecutive orthogonal pilots,  as well as for both the fill-in cases of the same or the different pilot symbols over frequency are considered, the system performance is very close to each other. 
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Fig. 3. Comparison of MIMO OFDMA system performance among disjoint orthogonal pilot symbols, consecutive orthogonal pilot symbols, and ideal channel estimation case.

However, if we compare the PAPR of the disjoint and consecutive orthogonal pilots considering both the cases of the same and the different pilot symbols over frequency, the results in Table 2 will be obtained. It is shown that with different pilot symbols over frequency, for both disjoint orthogonal pilots and consecutive orthogonal pilots, the PAPR is greatly descreased as compared with the case that the same pilot symbols over frequency are used.
Table 2. Comparison of PAPR 
	Pilot Pattern
	PAPR in dB for antenna_1
	PAPR in dB for Antenna 2

	Disjoint orthogonal pilots, the same pilot symbols over frequency
	13.5757
	13.5873

	Consecutive orthogonal pilots, the same pilot symbols over frequency
	15.0889
	15.0973

	Disjoint orthogonal pilots, the different pilot symbols over frequency
	7.9595
	7.9793

	Consecutive orthogonal pilots, the different pilot symbols over frequency
	8.1290
	8.1331


4 Conclusion

In this proposal, two orthogonal pilot patterns, i.e., disjoint orthogonal pilots and consecutive orthogonal pilots, are presented and compared for MIMO OFDMA transmissions in E-UTRA, considering both the cases of the same and different pilot symbols over frequency. It is concluded that aiming at PAPR reduction, the arrangement of different pilot symbols over frequency should be considered for the downlink of MIMO OFDMA transmission for either disjoint or consecutive orthogonal pilot patterns. 
------------------------------------------- Start of Text Proposal -------------------------------------------

7.1.1.2.2
Downlink pilot structure

The downlink reference/pilot symbols can be used for at least  

· Downlink-channel-quality measurements for CQI reporting

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. The exact reference/pilot-symbol pattern is TBD, but the density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. For each reference/pilot-symbol pattern, the use of both the same and the different pilot symbols over frequency/time should be considered. Besides, the use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.
In the downlink, common pilot/reference signals should be defined. Dedicated pilot/reference signals should be considered.

The common pilot/reference-signal structure should allow for different pilot signals between different cells/sectors, where the pilot symbols can be either mutually orthogonal or mutually non-orthogonal, and that enable good system performance. For the same Node B, orthogonal patterns are preferred. 

The downlink common pilot channel signal should be transmitted once per sub-frame.

Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots.

In order to support advanced antenna solutions such as MIMO, beam-forming etc., multiple orthogonal reference/pilot-symbol patterns should be possible within one cell (different reference/pilot-symbol patterns for different TX antennas, different beams, etc.). For each TX antenna, the use of different pilot symbols over frequency/time should be also possible.

------------------------------------------- Finish Text Proposal -------------------------------------------
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