Cooperative Relay in IEEE 802.16§ MMR

IEEE 802.16 Presentation Submission Template (Rev. 8.3)
Document Number:

IEEE C802.16j-06/006
Date Submitted:

2006-04-.30
Source:
Wei Ni, Gang Shen, Shan Jin, Torsten Fahldieck, Roland Muenzner
Voice: +86 21 58541240 8194
Alcatel Research & Innovation Fax: +86 21 50554550
388#, Ningqgiao Road, Shanghai, P. R. C. E-mail: Wei.ni@alcatel-sbell.com.cn
Venue:

IEEE 802.16 Session #43 Tel Aviv, Israel

Base Document:
None
Purpose:
Propose cooperative relay schemes in IEEE82.16j

Notice:
This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this
document is subject to change in form and content after further study. The contributor(s) 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.

IEEE 802.16 Patent Policy:
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures <http://icee802.org/16/ipr/patents/policy.html>, including the statement "IEEE standards may include the
known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or applicant with respect to patents essential for compliance with both
mandatory and optional portions of the standard." Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility
for delays in the development process and increase the likelihood that the draft publication will be approved for publication. Please notify the Chair <mailto:chair@wirelessman.org> as
carly as possible, in written or electronic form, if patented technology (or technology under patent application) might be incorporated into a draft standard being developed within the
IEEE 802.16 Working Group. The Chair will disclose this notification via the IEEE 802.16 web site <http://ieee802.0rg/16/ipr/patents/notices>.



Cooperative Relay in IEEE
802.16) MMR

Wei N1, Gang Shen, Shan Jin

Research & Innovation, Alcatel



Requirements

Cooperative relaying for higher throughput
and link robustness
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Cooperative Relaying

* Cooperative relaying allows for
— Better BER performance due to spatial diversity

— Fewer resources used for relaying owing to spatial multiplexing
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Method 1: Interleaving-based Macroscopic MIMO

« RS-specific interleaving located between FEC and QAM
mapping performs RS differentiation

— Macroscopic spatial diversity and multiplexing are alternative
respectively for

 Either better BER performance
 Or saving relaying resources such as time-slots and sub-channels

— Robust against the near-far problem

— Loose requirement for power balance and synchronization due to joint
detection

— MIMO for spatial diversity 1s optional at RSs such as STBC, SFBC
and interleaving-based MIMO, etc.
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Method 1: Interleaving-based Macroscopic MIMO

Information bits are detected and decoded hop-by-hop, and then
regenerated and retransmitted to the next with specific interleaving

Expect the 15 hop, macroscopic MIMO processing is performed hop by
hop

— For spatial diversity, copies of the same packet are retransmitted from multiple
RSs simultaneously and soft combining is used for diversity gain

— For spatial multiplexing, different packets or different parts of the same packet
are relayed from several RSs simultaneously

* Both “green” and “red” dash
links work for uplink cooperative
relaying

* One or both of these two links are
expected in the cooperative
downlink




Features of interleaving-based macroscopic MIMO

* Good performance
— BER performance as good as non-interference transmission
— Spatial diversity or multiplexing alternative

— No near-far problem and loose requirements of power balance and
synchronization due to joint detection

« Lower computational complexity
— No matrix operations, i.e., inverse and multiplication
— No RS pairing or dynamic allocation
— Lower interaction overheads

* Simple RS design

— Only an additional RS-specific bit-level interleaver required in each RS



Method 2: Macroscopic STBC MIMO

» Macroscopic STBC for potential spatial diversity

— Macroscopic STBC over different RSs or traditional STBC over single RS are
alternative according to the scattering environments

— The setup of macro-STBC is up to the interaction between BS and RSs

— Power control/balancing is expected to avoid the near-far problem

e Maximum ratio combining (MRC) at BS for receive diversity

¢ % Traditional STBC

— macroscopic
STBC over 2 RSs



Features of Macroscopic STBC MIMO

Low complexity and high compatibility
— Similar to the traditional STBC, e.g. Alamounti Code
— No significant modification is required in PHY of BS

Good performance 1s expected due to spatial diversity, but no spatial
multiplexing is available

Strict synchronization and power balance between cooperative RSs are
required

Diversity measurement is expected in BS for selection between
macroscopic or traditional STBC

Simple RS design

— Only an additional RS-specific bit-level interleaver required in each RS



Summary

Macroscopic MIMO is one of the main features of cooperative relaying

2 approaches of cooperative relaying are proposed

— Interleaving-based macroscopic MIMO

— Macroscopic STBC MIMO
Interleaving-based macroscopic MIMO

— Good performance due to joint detection

— Spatial diversity and multiplexing are alternative and available

— Multi-hop cooperative relaying can be implemented easily
Macroscopic STBC MIMO

— Spatial diversity is expected, but no spatial multiplexing is available

— No significant modification of PHY of BS is required

— Strict requirements on multi-RS synchronization and power balance
Macroscopic STBC approach can be used in throughput improvement

The use of interleaving-based approach is expected to extend the coverage as well as
improve the capacity
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