2007-01-08 IEEE C802.16j-07/109

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

Title Frame Structure to Support Multi-hop Relay Operation

Date 2007-01-08

Submitted

Source(s)  Wendy C Wong wendy.c.wong@intel.com Intel Corporation
Jerry Sydir jerry.sydir@intel.com 2200 Mission College Blvd.,

Hannah Hyunjeong Lee Santa Clara, CA 95054, USA
Kerstin Johnsson
Motor
Roger Peterson r.peterson@motorola.com  ola Labs 1301
Eugene Visotsky E. Algonquin Road,
Masahito Asa asa@motorola.com Schaumburg, IL 60196
. . Motorola Japan Ltd.,
Fang-Ching Ren frank ren@itri.org.tw 3-20-1 Minamiazabu, Minatoku,
I-Kang Fu IKFu@ITRI.ORG.TW Tokyo, 106-8573, Japan
National Chiao Tung University/Industrial
Technology Research Institute
1001 Ta Hsueh Road,
Hsinchu, Taiwan 300, ROC

Re: This is a response to the call for proposals 80216j-06 034.pdf.

Abstract This contribution propose a frame structure to support multi-hop (>= 2 hops) relay operation.

Purpose Text proposal for 802.16j Baseline Document.

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.

Patent The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures

. <http://ieee802.0org/16/ipt/patents/policy.html>, including the statement "[EEE standards may

Policy and . ! . > . .

Procedures 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:frank_ren@itri.org.tw
mailto:asa@motorola.com
http://ieee802.org/16

2007-01-08 IEEE C802.16j-07/109
<mailto:chair@wirelessman.org> as early 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.org/16/ipr/patents/notices>.

Frame Structure to Support Multi-hop Relay Operation

1 Introduction

The frame structure proposal accepted into the working document in the Dallas meeting addresses the case of
in-band relay for two hop only networks. It provides a good basis for the frame structure required to support in-
band and out-of-band relay in multi-hop networks.

This contribution proposes the additional constructs required to support multi-hop topologies. We define multi-
hop topologies to be topologies where the number of hops between the MR-BS and an MS can be 2 hops or
larger. Our proposal builds on the configurable frame structure that was defined in the Dallas meeting.

1.1 Support for Multiple Hops

When the topology of an MR network spans more than two hops, some RSs are required to receive from the
MR-BS or a parent RS and to transmit to a child RS. In order to support this scenario at least two DL

Relay Zones and two UL Relay Zones are required to prevent RSs from having to transmit and receive within
the same Relay Zone.

1.2 Support for mobile RS (MRS) handover

In order to support MRS in a multi-hop environment, additional synchronization channels (mid- or post-
ambles) are required. A synchronization channel is required for each DL Relay Zone in order to allow an MRS
to synchronize with the DL subframe of a Relay Zone of a RS or MR-BS. The Frame Start Preamble for the
access link cannot be used for this purpose because an RS cannot transmit and receive at the same time. An RS
is required to transmit the frame start preamble for its MSs at the start of every frame in order to maintain
backwards compatibility. Requiring an MRS to perform synchronization with a RS/MR-BS using this frame
start preamble would require that MRS to receive the frame start preambles of the RS/MR-BS while
simultaneously transmitting a frame start preamble to its access MS. Hence, a relay preamble that is orthogonal
in time to the frame start preamble is needed to support MRS.

1.3 Support for Multiple Frame Sizes

In order to be backwards compatible with 802.16e-2005, 802.16j must support the various frame sizes defined
in 802.16e-2005. The smaller of these frame sizes have a limited number of symbols. Because of this, it will be
difficult to configure a single frame with multiple Relay Zones in addition to at least one DL Access zone and
one UL access zone. For this reason another mechanism is useful for generating multiple Relay Zones to be
defined while maintaining backwards compatibility for smaller frame sizes.
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2 Proposed Solution

The overall approach to supporting multi-hop topologies is to define a super-frame structure that contains
multiple Relay Zones. The MR-BS and RSs can participate in 1 or more Relay Zones to transmit and receive
depending on the deployment scenarios and network assignments. This general structure was suggested in a
number of the contributions that were presented at the Dallas meeting. Specifically, we propose the following
extensions to the currently specified frame structure to support multi-hop deployments:
We specify a super-frame structure which allows multiple Relay Zones to be used for multi-hop
communications even when the frame duration is too short to fit all of the Relay Zones into a single frame.
DL Relay Zones contain a relay preamble, which is used by a child RS to synchronize with the DL
Relay Zone of its parent RS or MR-BS. This relay preamble is essential for MRS handover support.
The R-TTG and R-RTG are renamed to be the R-GAP. The reason is that some RSs will be transmitting in a
relay phase and some will be receiving, so the transition between phases is receive fo transmit for some RSs
and transmit to receive for others.

2.1 Super-frame

We propose that a super-frame structure depicted in Figure 1 be used to allow for multiple Relay Zones to be
defined, while living within the practical constraints of the number of symbols available in the smaller frame
sizes. A super-frame is defined to be a set of consecutive frames. The Relay Zones within the super-frame are
uniquely identified within the super-frame. The number of Relay Zones within a frame and the number of
frames in a super frame are configurable. Only 1 Relay Zone is depicted in Figure 1 for simplicity even though
there can be more Relay Zones per frame. MR-BS and all RSs shall participate in DL access and UL access
zones of every frame within the super-frame structure. However, the MR-BS and RSs can participate in 1 or
more Relay Zones to transmit and receive depending on the deployment scenarios and network assignments.
An R-GAP is placed between access and Relay Zones or between two Relay Zones which allows stations to
switch from receive mode to transmit mode or from transmit mode to receive mode.

Each frame within a super-frame is divided into a downlink subframe and an uplink subframe. Each downlink
subframe contains a DL access zone followed by one or more DL Relay Zones.

The structure of a DL access zone and a DL Relay Zone is the same. Each zone begins with a preamble/relay
preamble, followed by FCH/R-FCH, DL-MAP/DL R-MAP and an optional UL-MAP/UL R-MAP. During a
DL Relay Zone, an MR-BS may transmit to its child RSs or be idle. Moreover, during a DL Relay Zone, an
RS may, depending on its position in the relaying scenario, either transmit to its child RSs or receive from its
parent MR-BS/RS or may be idle.

Each uplink subframe contains a UL access zone followed by one or more UL Relay Zones. During the UL
Relay Zone of a frame within the super-frame structure, a child RS may, depending on its position in the
relaying scenario, transmits to its parent RS or MR-BS or may receive from its child RS. Each frame is
expected to contain an equal number of DL and UL Relay Zones.

If M=1, our super-frame structure defaults back to the frame structure for 2-hop only network. Hence, our
super-frame structure is flexible and can be used for 2-hop only or longer hop networks by suitably adjusting
the value of M.
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2.2 Super-frame structure example with M=2

If M=2 and allowing only 1 Relay Zone per frame, the proposed design will yield a 2 frame super-frame
structure depicted in Figure 2 with 1 DL/UL Relay Zone per frame. As an example, the MR-BS could be
assigned to transmit in the DL Relay Zone in frame 0 and to receive in the UL Relay Zone in frame 0. The
MR-BS could be assigned to be idle in the Relay Zones in frame 1.

RSs which are an even number of hops away from the MR-BS are defined to be Even RSs while RSs that are
an odd number of hops away from the MR-BS are defined to be Odd RSs. Even RSs could be assigned to
transmit to their child Odd RSs in the DL Relay Zone in frame 0 and receive from them in the UL Relay Zone
in frame 0. Odd RSs could be assigned to transmit to their child Even RSs in the DL Relay Zone in frame 1
and receive from them in the UL Relay Zone in frame 1. This odd-even structure allows RSs to receive from
/transmit to their parent RSs in one set of Relay Zones and to transmit to / receive from their child RSs in
another set of Relay Zones.

2.3 Reasons and trade-off for choosing M > 2

The two frame configuration in 2.1 is only one example of how our super-frame structure can be used and there
are reasons why more than 2 frames within a super-frame structure are needed:

1. First is about traffic inbalance between odd and even frames. For example, if we have a three hop system,
the first hop traffic would be higher than the second hop. Then, the total odd hop traffic (1st and 3rd hop) is
much more than the even-hop traffic. We can balance this by having two odd hop frames and one even hop
frames in the super frame.

2. If a MRS is to handoff from an odd-group parent to an even-group parent, having only 2 frames per super-
frame will not work. This will require the MRS to receive and transmit at the same time.

3. Choosing larger M reduce the number of RSs transmitting in the same relay zone and therefore reduce
interference. However, it may increase system latency.

4. To support multi-path from MR-BS to MS, M must be greater than 2.
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Figure 2. k™ super-frame structure for M=2
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3 Proposed text changes

IIHIIIIIIIIstarttetirOpOSEllH||||||IIIIIIIIIIIIIIIIIIIIIIIIII
[Insert the following after the end of section 3:]

Relay GAP: a gap placed between access and Relay Zones or between two Relay Zones which allows stations
to switch from receive mode to transmit mode or from transmit mode to receive mode.

[Make the indicated modifications to section 4:]

R-FCH: Relay-FCH
R-MAP: Relay MAP.
R-GAP: Relay GAP

[Make the indicated modifications to section 8.4.4.7.2.1:]

8.4.4.7.2.1 MR-BS frame structure
For the TDD mode, an example of the MR-BS frame structure is shown in Figure xxx.

Each MR-BS frame begins with a preamble followed by an FCH and the DL MAP and possibly UL MAP. The
DL sub-frame shall include at least one DL Access Zone and may include one or more DL Relay Zones. The
MR-BS shall be assigned to transmit or be idle in each of the DL Relay Zones. The UL sub-frame shall include
at least one UL Access Zones and it may include one or more UL Relay Zones. The MR-BS shall be assigned
to receive or be idle in each of the UL Relay Zones. In each frame, the TTG shall be inserted between the DL
sub-frame and the UL sub-frame. The RTG shall be inserted at the end of each frame. In the DL Access Zone,
the subchannel allocation, the FCH transmission, and the FCH shall be defined as in Section 8.4.4.2.

The DL Relay Zone may begin with a relay preamble and shall include an R-FCH and an R-MAP. The MR-BS
may transmit a relay preamble and shall transmit R-FCH, and R-MAP in those DL Relay Zones in which it is
assigned to transmit. The structure of the relay preamble shall be the same as specified in section 8.4.6.1.1. The
set of preamble modulation sequences transmitted in the relay preamble shall be different from the preamble
modulation sequences transmitted in the Frame Start Preamble. In the DL Relay Zone, the subchannel
allocation may be the same as that in the DL Access Zone. The R-FCH may be the same as the FCH in the DL
Access Zone. Other attributes of the MR-BS frame and the RS frame such as transition between modulation
and coding, presence of multiple zones, may be the same as those described in 8.4.4.2.

The number, size, and location of the Relay Zones shall be configurable.
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Figure xxx Example of minimum configuration for a multi-hop, in-band non-transparent relay frame structure

[Make the indicated modifications to section 8.4.4.7.2.2:]

8.4.4.7.2.2 Relay frame structure
For the TDD mode, an example of an RS frame structure is shown in Figure xxx.

The Relay Station transmits its frame start preamble time aligned with its serving MR-BS frame start preamble.

The DL sub-frame shall include at least one DL Access Zone and may include one or more DL Relay Zones.
Each RS shall be assigned to transmit, receive, or be idle in each of the DL Relay Zones. An R=++& R-GAP
may be placed between a DL Access Zone and a DL Relay Zone and between adjacent DL Relay Zones.
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The UL sub-frame may include one or more UL Access Zones and one or more UL Relay Zones. Each RS
shall be assigned to transmit, receive, or be idle in each of the UL Relay Zones. An R=RTFG-R-GAP may be
placed between a UL Access Zone and a UL Relay Zone and between adjacent UL Relay Zones.

An R-GAP shall be inserted between the DL access zone the DL Relay Zone. In addition, an R-GAP shall be
inserted between the UL access zone and UL Relay Zone. An R-GAP shall be inserted between 2 DL

Relay Zones and between 2 UL Relay Zones. More, an R-GAP shall be inserted between the DL sub-frame
and the UL sub-frame. An R-GAP shall be inserted at the end of each frame.

The contents of the FCH, DL-MAP, and UL-MAP in the Relay Frame may be different from those in the MR-
BS Frame.

Each RS frame begins with a preamble followed by an FCH and the DL MAP and possibly a UL MAP. A DL
Relay Zone may begin with a relay preamble and shall include an R-FCH and an R-MAP. The structure of the
relay preamble shall be the same as specified in section 8.4.6.1.1. The set of preamble modulation sequences
transmitted in the relay preamble shall be different from the preamble modulation sequences transmitted in the
Frame Start Preamble. In the DL Access Zone, the subchannel allocation, the FCH transmission, and the FCH
shall be as defined in Section 8.4.4.2.

The number, size, and location of the Relay Zones shall be configurable.
[Insert section 8.4.4.7.2.3 at the end of section 8.4.4.7.2.2:]
8.4.4.7.2.3 Super-frame structure to support multi-hop (>= 2 hops)

An example of an MR-BS and an RS super-frame is shown in figure xxxx. This super-frame structure collapse
back to the frame structure proposed in 8.4.4.7.2.1 and 8.4.4.7.2.2 when M is set to 1. One or more MR-BS
frames may be grouped into an MR-BS super-frame. The number of MR-BS frames that make up an MR-BS
super-frame shall be configurable. One or more RS frames may be grouped into an RS super-frame. The
number of RS frames that make up an RS super-frame shall be configurable. The number of MR-BS frames
that make up an MR-BS super-frame shall be the same as the number of RS frames that make up an RS super-
frame.

The DL Relay Zones within the MR-BS frames that make up an MR-BS super-frame shall be uniquely
identified within the super-frame. When super-frames are used, the MR-BS is assigned to either transmit or be
idle in each of the DL Relay Zones in the MR-BS super-frame.

The UL Relay Zones within the RS frames that make up an RS super-frame shall be uniquely identified within

the super-frame. When super-frames are used, an RS is assigned to either transmit, receive or be idle in each of
the UL Relay Zones in the RS super-frame.
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Figure xxx Example of an M frame MR-BS and RS k™ Super-Frames
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