IEEE C802.16m-08/717

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

	Title
	Uplink MIMO schemes for IEEE802.16m

	Date Submitted
	2008-07-07

	Source(s)
	Takaaki KISHIGAMI, 

Isamu YOSHII, 
Katsuhiko HIRAMATSU
 Matsushita Electric (Panasonic)
	Voice:
+ 81-50-3687-6390
E-mail: kishigami.takaaki@jp.panasonic.com

yoshii.isamu@jp.panasonic.com

	Re:
	IEEE 802.16m-08/024 - Call for Contributions on Project 802.16m System Description Document (SDD), shoot for “Uplink MIMO schemes” topic.

	Abstract
	We propose the overall uplink MIMO schemes such as MIMO configuration and modes in this contribution. 

	Purpose
	For 802.16m discussion and adoption

	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>.


Uplink MIMO schemes for IEEE802.16m
Takaaki KISHIGAMI, Isamu YOSHII, Katsuhiko HIRAMATSU

 Matsushita Electric (Panasonic)

1. Introduction

In SRD[1], the requirements of average cell spectral efficiency and cell edge user efficiency are more than 2 times of 16e reference performance. (Note:  Peak spectral efficiency of SRD is 5.6 bit/s/Hz, while in IMT.TECH[6] it is 6.75 bit/s/Hz).To satisfy the uplink requirements for 16m, advance antenna techniques such as SU-MIMO and MU-MIMO is needed because SU-MIMO can improve each link performance and MU-MIMO can improve system overall throughput especially when system load is high.
To achieve the requirement, we discuss the overall uplink MIMO schemes such as MIMO configuration and modes in this contribution.

2. Uplink MIMO schemes
2.1 MIMO configuration

SRD determines the maximum antenna configuration is 2x4. (Note: Working document of IMT.EVAL[7] assumes 8tx antennas. We might have to enhance the antenna configuration such as 4x4 or more. ) 
Considering MIMO configuration, the number of multiplexing MS is one of key characteristics, i.e. SU-MIMO or MU-MIMO. However, the structure of SU-MIMO is similar to MU-MIMO (Figure 2, 3), because the difference is the antenna for different MSs or the antenna for same MS. Here we focus on other key characteristics of UL MIMO, i.e. the number of codewords, the controlling method and mapping scheme (combining scheme).
2.2 Number of codewords

Comparing SCW with MCW, our simulation results including the signalling overhead show that MCW outperforms SCW assuming SIC [2]. In case of DL MIMO, the decoding complexity of SIC might be one of controversial points. However, in case of UL MIMO, it is much smaller problem to introduce SIC at BS side. 

2.3 Controlling method

Open Loop (OL) control and Closed Loop control also is possible for UL SU/MU-MIMO. The precoding based on PMI feedback should apply in CL mode, while TxD(STBC/SFBC/CDD) could apply for OL mode.
Open loop MIMO transmission: 

• Open loop MIMO can be applied in either a localized zone or a distributed zone. .

• Common pilots are used for data demodulation. (UL pilot design using sector-specific pattern which can reduce inter-sector interferences should support [4].)

• Both high speed and low speed mobiles can use open loop MIMO.

• Open-loop TxD(STBC/SFBC/CDD) can enhance cell-edge user throughput even for the case closed-loop control doesn’t work e.g. high mobility scenario.
• TxD(STBC/SFBC/CDD) should also apply for open-loop SM when the number of Tx antennas is larger than the number of codewords. 
Closed loop MIMO transmission: (precoding based)

• Closed loop MIMO transmission can be applied in a localized zone using dedicated or common pilots for demodulation reference signal(DRS).

• When using closed loop scheme, sounding reference signal (SRS) would be used for PMI/rank selection at the BS. 

• The precoding matrix index (PMI) and rank index are signaled from the BS to the MSs for both FDD and TDD systems. Precoding matrix is including antenna selection precoding vectors. 

• Feedback signals are PMI + CQI feedback + rank (can be implied through PMI)
2.4  Tx Diversity
The following transmit diversity modes shall be supported for open-loop MIMO:

· 2Tx antennas, rate 1: STBC/SFBC/CDD
i) STBC/SFBC :
For 2Tx antennas, rate 1, the input to the STBC/SFBC encoder is represented a 2 ( 1 vector 
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The output of the STBC/SFBC encoder is a 2 ( 2 matrix
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The output of the STBC/SFBC is a 2 ( 2 matrix
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ii) CDD :
For 2Tx antennas, rate 1, the input to the CDD encoder is represented a 1 ( 1 vector 
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The CDD matrix D(k) is a 2 ( 2 matrix as follows, 

[image: image5.wmf]ú

û

ù

ê

ë

é

=

k

j

k

j

e

e

k

1

0

0

0

)

(

q

q

D


where k denotes frequency subcarrier index and 
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The output of the CDD is a 2 ( 2 matrix
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2.5  Precoding 
Precoding based on PMI is used for CL MIMO transmission. In addition, the codebook-based precoding has following advantages comparing non-codebook precoding. 
 i)  The codebook-based could make MS complexity lower on deciding the precoding matrix. 

 ii)  The codebook-based requires smaller signaling overhead than the non codebook-based

 iii) The performance of non codebook-based could be better than the codebook-based under ideal conditions. However, in realistic conditions such as channel estimation errors are included, it could easily deteriorate. The performance of the codebook-based is dependent on the codebook size. The larger size codebook could make the performance better.

The precoding matrix P can be defined using the following equation:

P(k) = D(k)W(k).

The precoding matrix P is composed of two matrices on a given frequency subcarriers k. The first matrix W(k) is an NT ( M unitary matrix, where NT and M are the numbers of physical antennas and codewords, respectively. The matrix W(k) is selected from a predefined unitary matrix codebook. [The detailed unitary matrix codebook is FFS. Table 3 shows the example of precoding matrix codebook.] The precoding matrix W(k) changes every u subcarriers. [The parameter u are FFS.] The second matrix D(k) is an NT ( NT diagonal matrix as follows, 
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where k denotes frequency subcarrier index and 
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 denote phase angles for each physical antenna. [The value of the phase angle 
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Table 3 Example of precoding matrix for 2x2 MIMO
	
	Example of precoding matrix codebook

	Rank 1
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	Rank 2
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2.6 Summary of uplink MIMO schemes
The proposed uplink MIMO schemes are summarized in Table 1, Figure 2 and 3.

Table 1 overall uplink MIMO modes

	
	Open loop MIMO
	Closed loop MIMO

	Number of users
	Single User(SU)/Multiple User(MU)
	SU/MU

	User speed
	Any
	Low

	Resource mapping
	Distributed/localized
	Localized

	Pilot
	Common pilot for SRS, DMRS
	Dedicated pilot for DMRS

Common pilot for SRS, DMRS

	Feedback signal

(from BS to MS)
	None 
	CQI/rank and  PMI

	mode
	Tx diversity(STBC/SFBC/CDD) or SM
	Precoding


	
	SU-MIMO

	
	Open loop MIMO
	Closed loop MIMO

	Rank 1
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Figure 2 uplink SU-MIMO modes

	
	MU-MIMO for 2 users 

	
	Open loop MIMO
	Closed loop MIMO

	Rank 1 per user
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	Rank 2 per user
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Figure 3 uplink MU-MIMO modes

3. Conclusions 
We proposed the high-level uplink MIMO schemes including SU/MU-MIMO and Tx diversity modes.
4. Text Proposal 
Insert the following text into SDD Section 11 – Physical Layer [3]
-------------------------------  Text Start  ---------------------------------------------------

11.x: Uplink MIMO schemes
11.x.1: MIMO configuration
Multiple codewords (MCW) configuration shall be included in UL MIMO.
11.x.2: MIMO modes
The overall MIMO modes to be applied for uplink are shown in Table 1, Figure 2 and 3.
11.x. 3: precoding
The codebook-based precoding shall use for uplink closed MIMO mode. 

The precoding matrix P can be defined using the following equation:

P(k) = D(k)W(k).

The precoding matrix P is composed of two matrices on a given frequency subcarriers k. The first matrix W(k) is an NT ( M unitary matrix, where NT and M are the numbers of physical antennas and codewords, respectively. The matrix W(k) is selected from a predefined unitary matrix codebook. [The detailed unitary matrix codebook is FFS. Table 3 shows the example of precoding matrix codebook.] The precoding matrix W(k) changes every u subcarriers. [The parameter u are FFS.] The second matrix D(k) is an NT ( NT diagonal matrix as follows, 
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where k denotes frequency subcarrier index and 
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 denote phase angles for each physical antenna. [The value of the phase angle 
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Table 3 Example of precoding matrix for 2x2 MIMO
	
	Example of precoding matrix codebook

	Rank 1
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	Rank 2
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-------------------------------  Text End  ---------------------------------------------------
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