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1. Introduction

In the last RAN1 adhoc meeting, it was agreed that text proposal for OFDMA based downlink is included in the RAN1 TR. In the TR, multi-antenna transmission also can be considered. In this paper, we compare the performance of candidates for pilot channel multiplexing method using multi-antenna and make a suggestion for the method in EUTRA OFDMA based downlink.

2. Pilot structure

2.1. Multiplexing of pilot channels
As described in section 7.1.1.2.2 of [1], studies for pilot structure should include following considerations.

Downlink reference/pilot symbols are to be transmitted on the downlink. 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. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.

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.). 
2.2. Candidates for pilot channel multiplexing method using multi-antenna

Many companies have already proposed pilot structure for multi-antenna transmission [2]-[5]. In this contribution we treat four candidates, considering two antenna transmissions and TDM structure for simplicity. Possible combinations are code/switched multiplexing in time/frequency domain, characterised in Figure 1 and Table 1.
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Figure 1 candidates for pilot channel multiplexing method

Table 1 pros and cons for candidates of pilot channel multiplexing method

	
	Pros
	Cons

	[a] switched multiplex in time (a-1) or frequency domain (a-2)
	* achieves full orthogonality

* no effect on CQI measurement for one antenna UE
	* larger PAPR property when higher power rise is needed

	[b-1] time domain code multiplex
	* achieves fair orthogonality when pilots are mapped onto consecutive 2 OFDM symbols

* has good PAPR property
	* loses orthogonality with severe time selective fading condition

* CQI measurement  degrades for  one antenna UE

	[b-2] freq. domain code multiplex
	* achieves fair orthogonality when pilots are mapped onto consecutive 2 subcarriers

* has good PAPR property
	* loses orthogonality with severe frequency selective fading condition

* CQI measurement degrades for  one antenna UE


Following considerations are supplemental explanation for Table 1.

* Orthogonality among pilot channels

Switched multiplex methods can achieve full orthogonality because only one antenna transmits a pilot for the particular subcarrier and other antennas are nulled, while orthogonality for code multiplex methods depend on mapping method and selectivity of fading.
* PAPR property

Code multiplex methods can keep constant transmit power which result in good PAPR property. On the other hand switched multiplex methods need to make null and power rise for the particular subcarriers which may result in larger PAPR property.
* Impact on CQI measurement for one antenna UE

Considering pilot pattern in resource block with MIMO and without MIMO, it’s better to employ same pattern for main antenna, from which also non-MIMO UEs receive. This leads to the following benefits:

a) UE can measure CQI regardless of MIMO transmission

b) UE can use pilots in order to average/interpolate several pilots in several resource blocks for frequency domain and time domain.

Moreover, extension of above pilot structure from 2 to 4 antenna is straightforward. Figure 3 shows an example for switched multiplex. Two cases can be selected according to basic pilot mapping for 1 antenna case.
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Figure 2 a pilot structure example for switched multiplex for 4 antenna

According to the descriptions on the TR, following issues are to be considered.

(1) BLER performance for Downlink channel estimation for coherent demodulation/detection at the UE
(2) CQI measurement accuracy for Downlink-channel-quality measurements for CQI reporting
(3) Cell search performance for Cell search and initial acquisition
In addition to above items, PAPR is also to be evaluated especially for switched multiplexing case.

Regarding CQI measurement accuracy, it would be almost same tendency to that of (1). Moreover cell search performance is alike, and otherwise use of synchronization channel can align performance of four candidates. Therefore we evaluate performances for BLER and PAPR in this contribution.

3. Numerical analysis
3.1. Simulation assumptions
The simulation assumptions are as shown in Table 2.

Table 2. Simulation assumptions

	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub frame
	7

	Power ratio of pilot to data
	Same for [b-1] and [b-2]

doubled for [a-1] and [a-2] (in order to identify accumulated power per frame for all methods)

	Channel coding
	Turbo code

	Modulation
	QPSK (R=1/2) and 16QAM(R=3/4)

	Code block size
	3600 bits for QPSK, 10800 bits for 16QAM

	Channel environments
	Typical Urban (3km/h)

	Antenna configuration
	2 transmit antenna, 2 receive antenna

	MIMO decoding algorithm
	MMSE

	Channel estimation
	With pilot

	Decoder algorithm
	Max-Log-MAP with 8 iterations


3.2. Simulation results
Figure 3 shows comparison of the BLER performances of the candidates. Figure 4 depicts PAPR performance.
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Figure 3(a) BLER performance for TU (v=3km/h)
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Figure 3(b) BLER performance for TU (v=3km/h)
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 Figure 4(a) Comparison of PAPR properties
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Figure 4(b) Comparison of PAPR properties

4. Consideration

(1) BLER performance

Figure 3(a) shows all pilot patterns have similar BLER performance for QPSK demodulation at BLER = 10%, while pattern [a-2] has best BLER performance for 16QAM demodulation according to Figure 3(b). This is mainly because patterns using time domain have no pilot symbol on even number of subcarriers, which results in a small performance degradation at high SNR region even though linear interpolation is applied for accurate channel estimation for coherent demodulation; moreover code multiplex in frequency domain suffers from channel estimation errors due to the severe frequency selectivity of Typical Urban channel

(2) PAPR

Figure 4(a) and (b) show all patterns have similar PAPR properties at CCDF = 99% for both QPSK and 16QAM. We can say that the disadvantage for the pilot switching patterns [a-1] and [a-2] has small impact.

5. Conclusion
Switched multiplexing method especially in frequency domain is promising method for multi antenna transmission because it achieves full orthogonality which achieves better BLER performance, while the degradation of PAPR property is negligible. Moreover this method can be extended to 4 antennas easily.
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