
IEEE C802.16m-07/243

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

	Title
	Closed-loop MIMO Macro Diversity

	Date Submitted
	2007-11-07

	Source(s)
	Hongwei YANG, Yang SONG, Liyu CAI, Keying WU, Dong LI
Alcatel-Lucent
	Voice:
+8621-58541240 ext 7796
E-mail:
{hongwei.yang; yang.song; liyu.cai, keying.wu; dong.li }@alcatel-sbell.com.cn

	Re:
	IEEE 802.16m-07040

	Abstract
	Enhancement to MIMO macro diversity transmission

	Purpose
	To incorporate the proposals into the 802.16m 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>.


Closed-loop MIMO Macro Diversity 
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Background

IEEE 802.16m system targets for double sector throughput, average user-throughput and cell-edge throughput improvements relative to WirelessMAN-OFDM reference system for baseline antenna configuration [1]. Inter-cell interference (ICI) is a major constraint to achieve these targets, resulting in the achievable capacity by the reference system is only a little fraction of ICI-free system capacity. In IEEE 802.16e standard [2], MIMO macro diversity (MD) transmission technique has been defined as a viable solution to the ICI problem. With the help of ICI avoidance gain by turning interference into signal and possible diversity combining gain, this technique improves the performance of users in the MD zone. However, the overall sector spectrum efficiency may be reduced because of more bandwidth consumption from multiple BSs involved in the MD zone (the BS involved in MD is called macro BS in this contribution). This contribution extends MIMO MD to closed-loop (CL) scenario and further to support multi-user (MU) transmission in order to achieve additional capacity gain. Based on the available channel information, the macro BSs may serve multiple users in the same radio resource simultaneously to compensate the spectrum efficiency loss, and therefore sector spectrum efficiency can be improved significantly.

Overview of Macro Diversity Schemes

Figure 1 gives an example of the operation principle of MIMO MD for three macro BSs with 2 transmit antennas per BS [3, 4]. A pre-determined antenna selection formula can be used for MIMO transmission. For example, as shown in Figure 1, six antennas can be pre-defined into three groups with 2 antennas in each group for 2-branch MIMO transmission. When the MS (e. g. MS1) is in the cell boundary, a joint MIMO transmission by space-time coding (STC) or spatial multiplexing (SM) will be organized from adjacent BS1, BS2 and BS3 for the MS. MS shall demodulate signal as in non-MD mode.
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Figure 1 Principle of MIMO macro diversity

Three MIMO MD schemes have been defined in [2] to improve cell coverage: RF combining, soft combining and data rate enhancement.

RF combining
The STC encoded packet delivered to MS at cell edge is duplicated, and each MIMO pair of antennas in the antenna pool formed with macro BSs transmit the data for the same packet in the same data region. RF combined signal is received at MS and MIMO decoding follows. Figure 2 gives an example of RF combining for a STC encoded packet.
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Figure 2 RF combining

Soft combining

The STC encoded packet delivered to MS is duplicated and one MIMO pair of antennas in the antenna pool formed with macro BSs transmit the data with power boosting to realize full power transmission in the same region for RF combining. In addition, the data for the same packet is transmitted in another data region with the same size over another MIMO pair of antennas, and these two data region can be max ratio combined (MRC) in order to achieve diversity combining. Figure 3 gives an example of soft combining for a STC encoded packet.
[image: image3.emf]BS1 BS2

OFDM symbol Index

S1 S2

Null Null

-S2* S1*

Null

Antenna 1 Antenna 1

Antenna 2 Antenna 2

Null Null

BS3

S1 S2 -S2* S1*

Antenna 1

Antenna 2

S

u

b

c

a

r

r

i

e

r

 

I

n

d

e

x

Null

Null Null

Null Null

Null Null Null Null

Null Null

S1 S2

Null Null

Null Null

-S2* S1*

Null Null

Null Null


Figure 3 Soft combining

Data rate enhancement for single user

The SM packet delivered to MS is duplicated and one MIMO pair of antennas in the antenna pool formed with macro BSs transmit the same packet in the same region for RF combining. In addition, the data for the different packet is transmitted in another data region, and these two can be separately decoded in order to achieve data rate increases. Figure 4 gives an example of data rate enhancement for a STC encoded packet.
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Figure 4 Data rate enhancement

MIMO MD scheme transforms the ICI from neighboring BSs into useful signal power, and thus improves the cell edge performance. However, multiple macro BSs transmitting the same data packet for RF combining reduces the system average capacity. Assuming three macro BSs, for a system without MD, each BS can transmit an independent data stream at least, and the average sector data rate will be one data stream; while for a system with MD, all three BSs transmit a single data stream for RF combining, and the average cell data rate will be reduced to one-third of a data stream. Therefore, the MDHO MIMO achieved the said benefits at cost of reduced sector spectrum efficiency.
Closed-Loop MIMO Macro Diversity

Scheme description
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Figure 5 Example of Closed-loop MIMO macro diversity transmission scheme
Figure 5 gives an example of the operation principle of closed-loop MIMO MD for three macro BSs with 4 transmit antennas per BS. Different from traditional MIMO MD schemes where all transmit antennas from macro BSs serve only a single user, which is not always spectrum efficient since the maximum data rate is restricted by the receive antennas of MS, closed-loop MIMO MD scheme performs multi-stream transmission to multiple users in the same data region, and therefore the sum data rate of the macro BSs can be maximized. Besides, additional spatial freedom at the macro BSs can be used for interference avoidance transmission through null steering to interference users. Depending on full or partial, short-term or long-term channel information at macro BSs, different multi-user precoding algorithms can be used for tradeoff between performance gain, requirement on the backbone bandwidth as well as computational complexity. The packets delivered to multiple MSs are precoded to maximize the sum data rate or receive signal-to-interference-plus-noise ratio (SINR), and virtual antennas formed with macro BSs transmit different packet in the same region for multi-user data rate enhancement while residential virtual antennas form directive beam pattern to null inter-user interference. Note that compared to single user MD scheme, closed-loop MIMO MD brings significant data rate enhancement by multi-user transmission as well as interference avoidance from neighbouring macro BSs by null-steering beamforming [5].
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Figure 6 Example of closed-loop MIMO macro diversity
Closed-loop MIMO MD is not only an evolution of MD techniques, but also can be viewed as an extension of conventional single-BS based MIMO techniques. On the one hand, each MS is jointly served by antennas from multiple macro BSs. On the other hand, each BS serves several MSs simultaneously using the same radio resource by spatial division multiple access (SDMA) such as beamforming or multi-user MIMO (MU-MIMO) techniques. Collaborative MIMO (Co-MIMO) is a simple way to implement closed-loop MIMO MD with relaxed implementation requirement and complexity [6].
Closed-loop MIMO macro diversity is an enhancement of MIMO MD technique defined in 802.16e standard. It can be jointly used with SU-MIMO (single-user MIMO) and MU-MIMO (multi-user MIMO) in the cellular system in terms of improving user peak data rate by SU-MIMO, sector throughput by MU-MIMO and cell-edge throughput by closed-loop MIMO macro diversity [7].
Impact on standardization

This scheme proposes a closed-loop MIMO MD technique by applying precoding for multi-user transmission on top of traditional MIMO MD schemes to compensate capacity loss due to joint transmission. To support this scheme, the IEEE 802.16m standardization shall support:

1) Enhanced MIMO macro diversity zone with dedicated pilot pattern for downlink demodulation

2) A channel measurement mechanism to obtain full or partial channel information between macro BSs and MSs sharing the same data region

3) Multi-user precoding schemes can be standardized, or leave it implementation-relevant.

Specific Text Proposal

[Add the following section into SDD]

------------------------------------Start text proposal------------------------------------

x.x.x. Closed-loop MIMO macro diversity
Closed-loop MIMO macro diversity shall be supported in 802.16m to achieve significant system spectral efficiency gain from effective inter-cell interference reduction by macro diversity and data rate enhancement by multi-user MIMO transmission by taking benefit of the channel information. Enhanced MIMO macro diversity zone with dedicated pilot pattern shall be defined in the downlink sub-frame. A channel measurement mechanism shall be defined. Multi-user precoding schemes can be specified, or leave it being implementation-specific. The existing MIMO macro diversity can be viewed as special case of closed-loop MIMO macro diversity in which no channel information is available at BS.
------------------------------------End text proposal------------------------------------
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