2004-03-16

IEEE C802.16d-04/37r1

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>
Title Unique Randomizer Initialization for Interference Management in 802.16 OFDM PHY
Date 2004-03-16
Submitted
Adam Kerr, Paul Petrus Voice: 408-428-9080
Source(s)
ArrayComm, Fax: 408-428-9083
2480 North First St. .
E-mail:adam@, petrus @arraycomm.com
San Jose, CA 95131-1014
] E-mail: hassan.yaghoobi@intel.com
Hassan Yaghoobi
Intel Corporation
Re: IEEE 802.16-REVd/D3-2004
Abstract Describes changes to initialization vector for randomizer in OFDM-256 PHY.
Purpose These changes will provide for improved detection of error at the PHY level in low reuse
networks.
Noti This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on
otice 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.
1 The contributor grants a free, irrevocable license to the IEEE to incorporate text contained in this contribution, and
Release 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.
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0)
Pat?nt <http://ieee802.org/16/ipr/patents/policy.html>, including the statement “IEEE standards may include the known
Policy and  yse of patent(s), including patent applications, if there is technical justification in the opinion of the standards-
Procedures developing committee and provided the IEEE receives assurance from the patent holder that it will license

applicants under reasonable terms and conditions for the purpose of implementing 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:r.b.marks@jieee.org> as early as
possible, in written or electronic form, of any patents (granted or under application) that may cover technology that
is under consideration by or has been approved by IEEE 802.16. The Chair will disclose this notification via the
IEEE 802.16 web site <http://ieece802.org/16/ipr/patents/notices™.




2004-03-16 IEEE C802.16d-04/37r1

Unique Randomizer Initialization for
Interference Management in 802.16d OFDM PHY

Adam Kerr and Paul Petrus, ArrayComm, Inc.
Hassan Yaghoobi, Intel Corp

1. Introduction

While not mandated by the 802.16 standard, it is anticipated that any large-scale
network rollout will include synchronization of all base stations to a common timing signal.
In particular, it is highly recommended that TDD networks have a common downlink and
uplink frame timing to reduce and control intracell interference. In such a deployment,
downlink bursts will be transmit by different basestations with the same start time and
duration, as will uplink bursts by different user terminals. In this configuration, there is
significant likelihood that strongly interfering signals may be demodulated and mistaken for
‘desired’ signals.

In the event that either a base station or subscriber station mistakenly decode an
overlapping burst from an out-of-cell transmission, there should be good support in the
standard to provide for detection at the PHY/MAC level of this type of error. In the downlink
direction, although the downlink MAP announces the BSID each frame, there is nothing to
explicitly tie the subsequent burst transmissions to that particular BSID. In the uplink
direction, there is no way to differentiate bursts transmit by a desired user terminal and
interfering user terminals, and when an interfering burst is received with sufficient SINR it
will supplant the burst from the desired user terminal. Furthermore, an AAS basestation is
capable of resolving multiple simultaneous uplink user signals based on spatial
characteristics; once this is done, however, there needs to be a way to associate each of these
signals with the correct user. To support this functionality unique training between users (as
in [1]) has already been recommended, and we further recommend a connection-based error
detection scheme, also at the PHY/MAC level.

The most common means of avoiding these problems is to arrange for an incorrectly
identified burst to fail the CRC checksum test. This may be realized by making the
randomization process of the 802.16d OFDM PHY [2] dependent on parameters unique to the
base station and the specific connection to the subscriber station. In this case a mistaken
reception of a burst from an unintended party (base station of subscriber station) will not be
successfully unrandomized, and a detectable CRC error will result.

2. Conceptual Description of Standards Modification

The current randomization (scrambling) process for the 802.16 OFDM PHY is
performed by a modulo-2 addition to each uplink or downlink data burst with a pseudo-
random binary sequence output from a linear feedback shift register as described in 8.3.3.1 of

[2].
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The shift register is 15 bits long, with a seed value that is initialized at the beginning
of each frame on the downlink, and again at the beginning of each downlink burst (not
including burst #1). On uplink, the randomizer seed is initialized at the beginning of each
burst. Preambles are not scrambled.

In order to create a randomization that is dependent on both base station and the
connection, we introduce modifications to this seed value. For the preambles and broadcast
portion of the downlink frame (FCH and burst #1) we recommend maintaining the fixed
constant seed value as currently defined. For all other downlink bursts and all uplink bursts,
we recommend that a combination of base station ID, DIUC/UIUC and frame number form
the seed value for the shift register, rather than the current combination of DIUC/UIUC and
symbol number.

The base station ID is a 48-bit value with the upper 24 bits being the operator ID, and
the lower 24 bits used to identify the base station, while the frame number is 24 bits long. We
recommend that the new randomizer seed values be formed from the lowest 4 bits of the base
station ID, 4 bits of DIUC/UIUC and the lowest 4 bits of frame number.

3. Proposed Text

The following changes to section 8.3.3.1 will incorporate these ideas:

1) The paragraph immediately above Figure 192 is changed to read:
“On the downlink, the randomizer shall be re-initialized at the start of each frame with the
vector: 1001010100000 0 0. The randomizer shall not be reset at the start of burst #1.
At the start of subsequent bursts, the vector shown in Figure 192 shall be used to initialize the
randomizer. The- OFDM-symbelnumber-(i-e—the-number-of th OFDM symbol o

2) The paragraph immediately above Figure 193 is changed to read:
“On the uplink, the randomizer is initialized with the vector shown in Figure 193. The- OEDM
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4) Figure 193 is replaced with:

UIUC
b3 b2 bl bO LSB
BSID Frame number
b 3 b 2 b 1 b o |LSB b 3 b 2 b 1 b 0
MSB b14 b13 b12 bll 1 1 b8 b7 b6 bS j b3 b2 bl bO LSB

OFDM Scrambler Initialization Vector
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