
IEEE C802.16m-08/698r1

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	UL MIMO technique using Interference Cancellation Coding (ICC)

	Date Submitted
	2008-07-16.

	Source(s)
	Wataru Matsumoto, Toshiyuki Kuze, Shigeru Uchida 
Mitsubishi Electric Corporation
5-1-1 Ofuna Kamakura, Kanagawa 2478501, JAPAN

Philip V. Orlik, Andreas F. Molisch, Zhifeng (Jeff) Tao, Jinyun Zhang 
Mitsubishi Electric Research Laboratories
201 Broadway Cambridge, MA 02139, USA
	Matsumoto.Wataru@aj.MitsubishiElectric.co.jp
kuze.Toshiyuki@ah.MitsubishiElectric.co.jp
Uchida.Shigeru@dh.MitsubishiElectric.co.jp
{porlik, molisch, tao, jzhang}@merl.com 



	Re:
	Response to the Call for Contributions IEEE 802.16m-08/016 ─  UL MIMO, Interference Mitigation

	Abstract
	This contribution proposes an enhanced HARQ technique for 802.16m system description document (SDD).

	Purpose
	To adopt the enhanced HARQ technique proposed herein into IEEE 802.16m system description document (SDD).

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


UL MIMO technique using Interference Cancellation Coding(ICC) 

W. Matsumoto, T. Kuze, S.Uchida
Mitsubishi Electric Corp.

P. Orlik, A. Molisch, Z. Tao, J. Zhang

Mitsubishi Electric Research Labs
Abstract
The paper provides a method for UL/DL MIMO along with Interference Cancellation Coding (ICC) between Multi-User streams so that the reliability of UL/DL Multi-User MIMO can be improved.  Additionally, the receiver structure is simplified. The simulation results show that significant gain is achieved over the existing Space Time code performance.
Background

The existing 802.16 standard does not describe BS cooperation or MS cooperation with MIMO including Interference Mitigation. 
Proposed ICC coding scheme

In the contributions IEEE C802.16m-08/385r1 and IEEE C802.16m-08/697, Ths SICC(Self-Interference Cancellation Coding) is introduced for HARQ scheme on MIMO channel. 
The above encoding technique can be applied to MIMO systems in various ways.  As described the technique in IEEE C802.16m-08/385r1 and IEEE C802.16m-08/697 is directly applicable to systems where the transmitter has 4 antennas and the receiver has 4 antennas.  Additionally, we may consider distributed or cooperative systems where the transmission occurs from distinct transmitters each with 2 antennas.  This system is shown in Figure 1.  Where two transmitters send two only two rows of the matrix S.  For example Tx1 can send only the top two rows which depend only of the symbols {S1,S2}, while Tx2 can transmit the bottom two rows which depend only on {S3,S4}.  We may also consider the case of two distinct transmitters each with two antennas and this time a receiver with only 2 antennas.  In this case we can divide that rows of S among the two transmitters in the same way as shown in figure 1, but since the receiver only has two antennas the transmitters must multiplex there transmission in time.  That is they cannot transmit simultaneously but rather transmit sequentially.    Thus transmitter 1 (Tx1) first transmits
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And then Tx2 transmits
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The receiver then combines the received signals according to the combining scheme described above.  Of course, it is assumed that the channel remains constant over the time interval during which S[1] and S[2] are being transmitted.  

                 [DL case]                                [UL case]
[image: image20.emf][image: image21.emf]
                                     Figure 1.
This scheme can be applied for the following systems;
[DL]
1. BS1(or RS1):2 transmission antennas, BS2(or RS2): 2 transmission antennas, 

MS : 4 received antennas.

2. BS1(or RS1):2 transmission antennas, BS2(or RS2): 2 transmission antennas, 

MS : 2 received antennas( 2 time step needed).

[UL]
3. MS1(or RS1):2 transmission antennas, MS2(or RS2): 2 transmission antennas, 

BS : 4 received antennas.

4. BS1(or RS1):2 transmission antennas, BS2(or RS2): 2 transmission antennas, 

MS : 2 received antennas( 2 time step needed).

Consequently, the transmission matrix can be described as
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We see that the second column is identical to the existing code in 802.16 and that after its reception a simple linear decoding can be attempted.  What is new in this scheme are the 2nd and 3rd columns.  This code enables a simple linear receiver that completely cancels self interference and can be seen by the following combing scheme for 4 transmissions.

To obtain 
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and for 
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In the above equations, rij, is the received symbol at the ith antenna at jth reception time and hij is the channel coefficient from the jth transmit antenna to the ith receive antenna.  We see that the linear combing of the 4 symbols results in the complete cancellation of interference terms.
Performance

We have simulated the HARQ-IR schemes over a Rayleigh fading channel to compare there performance.  For the STC coding scheme using the following matrix (2 STC+repeat in figure: STC & repeat for 2 MSs ), it is assumed that symbols are chase combined and then a Zero-forcing MIMO receiver is employed after Alamouti combing. 
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 In the ICC scheme the linear combing receiver as described above is used.  Bit error rates are shown below and we see that after 4 retransmissions the proposed ICC scheme (Revised ICC) out performs the existing scheme by about 7-8 dB. (Original ICC is old version as mentioned in IEEE C802.16m-08/385r1.)   
[image: image13.png]BER
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 Proposed text for SDD
11.x.x Collaborative MIMO
 Collaborative MIMO scheme allows 16m system to coordinate multiple MSs and BSs to form a virtual MIMO. MS-collaborative MIMO should be supported in 16m system.   
  11.x.y MS-collaborative MIMO
    Assume that there are multiple MSs, all of which utilize the same time-frequency resources, in a cell.
   11.x.y.z Transmit Diversity 
· BS with 4 RX antennas, rate 0.5 for 2MS with 2 TX antennas, STBC/SFBC case 
        In transmit diversity mode, rate 1 STBC/SFBC with 2 transmit antennas on 2 MSs shall be supported for open-loop Multi-user MIMO. The input to the MIMO encoder for MS1 and MS 2 are represented a 2 ( 1 vector, respectively, 
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The output of the MIMO encoder for MS 1 and MS 2 are a 2 ( 2 matrix, respectively,
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The output of the precoder for MS 1 and MS 2 are a 2 ( 2 matrix, respectively,
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