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Sector-Specific Common Pilot Structure in IEEE802.16m Downlink
Takaaki KISHIGAMI, Isamu YOSHII, Katsuhiko HIRAMATSU

 Matsushita Electric (Panasonic)
1. Introduction

At the TGm #55 meeting, RG DL PHY discussed the downlink common pilot structure and agreed the simulation parameters and the performance metrics[1]. Here, we focus on the interference limit case and discuss how to multiplex pilot among sectors/cells. 

Since in 16e all sector/cell transmits common pilots in same locations, inter-sector or inter-cell interference might be huge impact on the channel estimation. In order to avoid inter-sector or inter-cell interference, following orthogonal multiplexing schemes could be useful [2].

· Sector/cell-specific orthogonal sequence is multiplied to the basic pilot pattern.

· Sector/cell-specific frequency/time offset is applied to the basic pilot pattern.

Already some contributions mentioned to introduce some sector-specific pilot schemes [3]-[7]. Also, in the uplink, same pilot concepts were proposed [8]. 
In following discussions, we explain the benefits of the sector-specific common pilot structures and show the performance gain comparing with 16e pilot allocation by means of the link level simulation based on the Pilot Evaluation criteria contained in Appendix A of the DL PHY Rapporteurs Report [1]. 
Hence, we propose to include the sector-specific common pilots using sector specific offset and/or orthogonal sequence in TGm SDD[9] in order to achieve throughput requirements [10].

2. Sector Specific Common Pilot configuration 
2.1 common pilots using sector-specific orthogonal sequence
Figure 1 shows common pilots using a sector-specific orthogonal sequence. The example is an orthogonal sequence using phase rotation in a BS with three sectors and a basic pilot pattern based on the 802.16e Downlink PUSC [11]. In the sector-specific orthogonal sequence, frequency domain spreading is used by adding phase rotation. In the figure, the phase rotation for Pk illustrates the pilot symbol transmitted from antenna #k. The phase rotation(φ) of 0, 2/3, and 4/3 is added every adjacent pilot subcarrier to sector #1, #2, and #3, respectively.
When the proposed sector-specific orthogonal sequence is used for the pilot channel, the inter-sector interference on the pilot channel from the contiguous sectors can be avoided by dispreading among neighbor pilot subcarrier, leading to accurate channel estimation.
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Figure 1 – Example pilot assignment using sector-specific orthogonal sequence
(Based on 802.16e Downlink PUSC [11])
2.2 common pilots using sector-specific offset sequence
Figure 2 shows an example pilot assignment using sector-specific offset assignment. The sector specific offset is applied to the pilot pattern in sector #1(hereafter, we call it ‘basic pilot pattern’). The offset in sector #k is (k-1)ΔSC. (Figure 2 shows the case of ΔSC =1.)  The offset of pilot positions is given in frequency direction for the basic pilot pattern as shown in Figure 1 . The sector specific offset is applied to all pilot symbols (P1, P2, … ). In the non-orthogonal pilot channel structure using the sector specific offset, the intra- BS interference on the pilot signals can be reduced compared to the case without sector specific offset although the interference from the pilot channel to the data channel is increased at the same time.

[image: image2.emf]Pilot

data

Sector

#1

Sector

#2

Sector

#3

ΔSC

ΔSC


Figure 2 – Example Pilot assignment using sector-specific offset assignment
3. Simulation Evaluations

We compared three pilot structures as shown in Figure 3. The first one is the sector-specific orthogonal pilots as descried in Section 2.1. The other two structures are based on the non-orthogonal pilots. For non-orthogonal pilots, we evaluated the case with sector specific offset (ΔSC =1) and without sector specific offset. The position of the basic pilot pattern is shown in Figure 1. The transmission power of the pilot symbol is set to 3dB higher than that of the data symbol. 
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Figure 3– Evaluated pilot structures

We investigated the effect of the sector-specific pilots in the same BS from the viewpoint of the throughput performance in downlink. Table 2 lists the radio parameters assumed in the link-level simulations.
The antenna pattern [12] is depicted in Fig. 4(a). The resultant relative gain considering inter-sector interference, sec = Psect#1/ (Psect#2 + Psect#3), is given in Fig. 4(b)[2]. sec represents the difference in the average received signal power at a MS, corresponding to the difference in the distances from the two sector antennas. 
Figure 5 plots the throughput performance in case of sec =6,9,12,15 dB. In the figures, the red, green and blue lines respectively indicate the performance using the sector-specific orthogonal sequence, non-orthogonal pilots with sector-specific offset and non-orthogonal pilot without sector-specific offset. 
We find that the common pilots using the sector-specific pilots can improve the throughput performance. In the figure, the throughput performance using the sector-specific orthogonal sequence is improved compared to that of non-orthogonal pilots with sector-specific offset.

Table2 – Simulation Parameters
	Parameter
	Value

	Carrier frequency
	2.5Ghz

	System bandwidth
	10MHz

	FFT size
	1024

	Sub-carrier frequency spacing(fs)
	10.94kHz

	Useful symbol interval (Ts=1/fs)
	91.4usec

	Guard interval (Tg=Ts/8)
	11.4usec

	Pilot power boost level
	3dB

	Resource unit(RU)
	2 Localized RU
[1RU: (Psc, Nsym)=(18,6)]

	Antenna configuration
	1Tx–2Rx (MRC)

	Channel coding
	Turbo coding (original rate = 1/3)

	Turbo decoding
	Max-Log-Map (8 iterations)

	MCS
	QPSK, R=1/2,3/4; 
16QAM, R=1/2,3/4

	Channel model
	 Vehicular A (VA) 120km/h


	Channel estimation
	MMSE

	Antenna pattern of each sector [12] (horizontal)
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Figure 4 – Antenna gain and sec value[2]
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Figure 5 – Throughput performance (1x2 SIMO, VA120km/h)
4. Conclusions

We presented the improved performance of the sector-specific downlink common pilots compared to the non sector-specific pilots based on 16e in link-level simulation evaluation considering inter-sector interference based on the Pilot Evaluation criteria [1]. 
Hence, we propose to include the sector-specific common pilots using sector specific offset and/or orthogonal sequence in TGm SDD in order to achieve throughput requirements.
5. Text Proposal
Insert the following text into SDD Section 11 – Physical Layer [9]
-------------------------------  Text Start ---------------------------------------------------
11.x: Downlink Common Pilot patterns

Downlink common pilots shall have the sector-specific common pilot structure using sector specific offset and/or orthogonal sequence
-------------------------------  Text End  ---------------------------------------------------
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