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Proposed Text of 8 streams transmission for the IEEE 802.16m Amendment

Jie Zhang, Hua Zhou, Jun Tian, Jinyin Xue, Yuantao Zhang, Jian Wang

Fujitsu
1 Introduction
This contribution proposes the text of pilot pattern for different downlink antenna configurations with 2, 4 and 8 streams transmission to be included in the 802.16m amendment. The proposed text is organized so that it can be compliant to the latest 802.16m SDD. In addition, some simulation results in both system level and link level are provided to verify the rationality of the proposed text.

2 Motivation to adopt DL 8-stream transmission
Theoretically, the capacity of single link communication is proportional to the minimum value of numbers of transmit and receive antennas. In this section, we shall examine the performance improvement induced by increasing number of transmit/receive antenna pair in sector throughput and user throughput via system level simulation according to the specification in 802.16m EVM document.
Table.1 Simulation parameter settings in SLS

	Antenna configuration
	2x2, 4x4, 8x8 (uncorrelated)

	Number of cell
	19 cells with 3 sectors per cell

	Channel model
	ITU PB 3km/h

	Frame structure
	Specified in latest 16m SDD draft

	BS transmit power
	46.0 dBm

	Scheduler
	Proportional fairness

	MCS
	16e MCS set (QPSK 1/2 with rep 1,2,4,6, QPSK 3/4,16QAM 1/2, 3/4, 64QAM 1/2, 2/3, 3/4, 5/6)

	Coding
	Convolutional Turbo coding

	Link to system mapping method
	RBIR

	Traffic model
	Full buffer

	CQI feedback delay
	5 sub-frames

	H-ARQ
	Chase combining

	Maximum number of retransmission
	3
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Fig. 1. CDF curves of average user throughput obtained from 3 antenna configurations.
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Fig. 2. CDF curves of average sector throughput obtained from 3 antenna configurations.
Table.2 Simulation results comparison

	Antenna configuration
	Average sector throughput
	User Coverage(5%tile)

	2x2
	1.62567 bps/Hz
	0.02137 bps/Hz

	4x4
	2.49345 bps/Hz
	0.03959 bps/Hz

	8x8
	4.26049 bps/Hz
	0.07667 bps/Hz


Fig. 1 and 2 compare the sector throughput and user throughput obtained from 2, 4 and 8 streams downlink transmission with 2x2, 4x4 and 8x8 antenna configurations respectively. As antenna correlation is not specified in current EVM document right now, we assume uncorrelated antenna used at both transmit and receive sides in three antenna configurations. From two figures above, we observe obvious advantages in average sector throughput and user throughput from increasing number Tx/Rx antennas.
According to such throughput improvement of 8-stream transmission over 2x2 and 4x4 configurations, we proposed pilot pattern for 8Tx/8Rx antenna pair case. In our contribution “C80216m-09_0215.ppt”, we simulated the link level performance in channel estimate error, BLER and single link throughput. For some details in LLS, please refer to 
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4 Text proposal for inclusion in the 802.16m amendment
-------------------------------------------------  Text Start  ------------------------------------------------- 

15.3.5.4. Pilot Structure
To facilitate the channel estimation, frequency offset correction, channel quality indicator (CQI) measurement, etc, pilot subcarriers are inserted into time-frequency grid of physical resource unit. Moreover, IEEE 802.16m supports both common and dedicated pilots to maximize the system performance under different channel condition.
15.3.5.4.1. Pilot Pattern
Pilot patterns are specified within a PRU.
15.3.5.4.1.1 2x2 case
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Fig. X.1. Pilot pattern used for 2 DL data streams
Fig X.1 shows the pilot patterns for 2 DL data streams in dedicated and common pilot scenarios. Pi (i=1, 2) denotes the pilot subcarrier used for i-th stream or i-th antenna. For irregular sub-frame with 5 OFDMA symbols, the third symbol is deleted. For irregular sub-frame with 7 OFDMA symbols, the third symbol is duplicated as the 7th symbol.
15.3.5.4.1.2 4x4 case
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Fig. X.2. Pilot pattern for 4 pilot streams
Fig X.2 shows the pilot patterns for 4 DL data streams in dedicated and common pilot scenarios. Pi (i=1, 2, 3, 4) denotes the pilot subcarrier used for i-th stream or i-th antenna. For irregular sub-frame with 5 OFDMA symbols, the third symbol is deleted. For irregular sub-frame with 7 OFDMA symbols, the third symbol is duplicated as the 7th symbol.
15.3.5.4.1.3 8x8 case
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Fig. X.3. Pilot pattern for 8 pilot streams
Fig X.3 shows the pilot patterns for 8 DL data streams in dedicated and common pilot scenarios. Pi (i =1 ~ 8) denotes the pilot subcarrier used for i-th stream or i-th antenna. For irregular sub-frame with 5 OFDMA symbols, the third symbol is deleted. For irregular sub-frame with 7 OFDMA symbols, the third symbol is duplicated as the 7th symbol.
------------------------------------------------  Text End  ----------------------------------------------------
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Introduction

		In current SDD draft (IEEE C802.16m-08/003r6),  antenna configuration of (8, 8) is specified, and 8-stream transmission is supported.

		Currently, two pilot patterns have been proposed in previous IEEE session, IEEE C802.16m-08_1426r1 and IEEE C802.16m-08_1461.

		The link level performance comparison is carried out in this contribution to show the superiority of our pilot pattern.









Pilot patterns comparison





Fig. 1 Fujitsu’s pilot structure

Fig. 2 Pilot structure in C802.16m-08_1461.doc

Pilot density = 22.2%

Pilot density = 29.6%
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Simulation settings

		Antenna configuration		8x8

		Antenna correlation		Un-correlated

		Pilot pattern		C802.16m-08_1426r1.doc 
                    (Pilot density = 22.2%)
Pilot in C802.16m-08_1461.doc    
                  (Pilot density = 29.6%)

		Channel model		ITU PB 3km/h & VA 30km/h

		Channel estimation		MMSE

		MCS levels		16e MCS set (QPSK 1/2 with rep 1,2,4,6, QPSK 3/4,16QAM 1/2, 3/4, 64QAM 1/2, 2/3, 3/4, 5/6)

		Coding		CTC

		Equalization		MMSE

		Performance metric		MSE, BLER, Single-link throughput



































Channel estimation performance





		We take PB3, VA30 channels as two examples to show the effect of pilot structure on channel estimation.









BLER performance under PB 3km/h channel





		In this figure, we just compare three MCS levels to show the effects of channel estimation on the BLER performance based on a given pilot structure. For other MCS levels, the results is similar to this figure.



Ideal  ideal channel

Fujitsu  with channel estimation using Fujitsu’s pilot

C802.16m-8_1461.doc   with channel estimation using Fujitsu’s pilot







BLER performance under VA 30km/h channel





Ideal  ideal channel

Fujitsu  with channel estimation using Fujitsu’s pilot

C802.16m-8_1461.doc   with channel estimation using Fujitsu’s pilot







Throughput comparison under PB 3km/h channel











Throughput comparison under VA 30km/h channel





		The smaller number of pilot, the higher throughput. For our pilot scheme, the degradation of channel estimation from low pilot density can be omitted while throughput enhancement is obvious.









Conclusion

		The pilot density of Fujitsu’ scheme is lower than that in C802.16m-08_1461.doc.

		However, the two scheme have almost the same BLER performance, especially in practical SNR region, [0, 30dB]. 

		The single-link throughput performance from Fujitsu’s pilot is better than that from C802.16m-08_1461.doc, and all they perform better than 4-stream case due to spatial multiplexing gain.

		The pilot pattern we proposed is more efficient for 8-stream transmission at practical SNR levels.









Text proposal

		To adopt the following figure as 8-stream pilot pattern. 

In line 7 of page 80, insert the following figure , 



Fig. xx Pilot Pattern C for 8 stream pilots, pilot k denotes pilot for transmit antenna k. 





P3



P2



P4



P1



P5



P8



P6



P7



P1



P3



P2



P4



P7



P5



P8



P6



P4



P1



P3



P2



P6



P7



P5



P8

















A\




 


P


5


P


6


P


7


P


8


P


6


P


8


P


5


P


7


P


7


P


5


P


8


P


6


P


8


P


6


P


5


P


7


P3


P2


P4


P1


P5


P8


P6


P7


P1


P3


P2


P4


P7


P5


P8


P6


P4


P1


P3


P2


P6


P7


P5


P8


0481216202428


10


-2


10


-1


10


0


SNR (dB)


BLER


BLER performance under PB 3km/h channel


 


 


QPSK 1/2(rep=4) (ideal)


QPSK 1/2 (ideal)


16QAM 1/2 (ideal)


QPSK 1/2 (rep=4) (Fujitsu)


QPSK 1/2 (Fujitsu)


16QAM 1/2 (Fujitsu)


QPSK 1/2 (rep=4) (C802.16m-08_1461.doc)


QPSK 1/2 (C802.16m-08_1461.doc)


16QAM 1/2 (C802.16m-08_1461.doc)


0481216202428


0


1


2


3


4


5


6


7


8


9


10


11


SNR (dB)


Throughput (bits/s/Hz)


Throughput comparison under VA 30km/h channel


 


 


Fujitsu pilot pattern (ideal)


Fujitsu pilot pattern (estimeted)


Pilot in C802.16m-08_1461.doc (ideal)


Pilot in C802.16m-08_1461.doc (estimate)


4 Tx case in current SDD
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