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Introduction

 Purpose

— Propose several pilot formats for Interference Management to
reduce interference at Cell edge or Co-channel between BS
and BS, BS and MS or MS and MS.

e Scope
— DL and UL control channel design for Interference

Management
» Cell edge zone
— Interference reducing pilot
e Cell central Zone
— Common Pilot
— Interference Management on TDD and FDD frame structure
« Sub-Frame base design

— Interference Management on different frequency reuse factor



The IEEE 802.16m Protocol Structure
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Interference Type: Data Transition

Data Transition Interference in TDD Data Transition Interference in FDD

Down link
Up lmk

Frequency 1 ——

Frequency 2 ——



Interference Type:
Sector and Cell Edge

Location-oriented interference: Location-oriented interference:
MS at the sector boundary MS in the cell edge zone




Frame Control Channel Structure for
16m (1/3)
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Frame Control Channel Structure for
16m (2/3)
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Frame Control Channel Structure for
16m (3/3)

Five types of control channels

— SFH (Super Frame Header):
* The SFH is used for the transmission of the information such as the synchronization,
frequency reference, cell ID etc.
— FH (Frame Header):
* The FH will identify which frame should activate an IR-Zone, and when this IR-Zone is
activated the MS in this zone will receive the interference reducing service.
— FM (Frame Map):
* This FM is used to designate MSs locations in the sub-frame for those MSs are not in
the interference-reducing zone (IR-Zone).
— SFM (Sub-frame Map):

 The SFM is used to designate which MSs in this zone need the interference reducing
service. The MS designated can be a group of MSs or a single MS. It gives MS the
information of the zone location, the orthogonal pilot pattern and it also will provide the
relative location information of the UL- zone.

— |IR-Zone (Interference Reducing Zone):

» This zone is activated by the BS and it can be divided into UL and DL IR-zones. The
zone’s size and location are designated by the FH and the SFM and it also serves those
MSs that need interference reducing services.

— UL-IRR (Uplink—interference Reducing Request):

* The MS will send the instant interference reducing request in this frame and the BS will
include this MS which sends this request in the IR-Zone in the next frame.



Cell Management Information in the DL
control Channel

DL Control Signal

- Which Frame is use for
IR- Zone

- The DL/UL Frame
position by MS besides
the Frame of IR-Zone
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y DL MAP and UL
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. MAP
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Cell Management Information in the UL
control Channel

UL Sub-
Frame
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MS to IR-Zone by BS

UL Control Signal




Interference Reducing for Sub-Frame

Different sub-frames are allocated for users with different levels of
interferences
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Interference Reducing Pilot Type

Symbol

 Square Type Pilot

Square Type Pilot

Subcarriers

RB: 18X6
Pilot Density: 11.11%

E Line Type Pilot

RB: 12X6
Pilot Density: 16.67%

* Line Type Pilot

Symbol

Subcarriers




Interference weight assignment for
Square type pilot pattern (1/2)

.y "m0
2 E 0.6 8 ;! 0.6
m 3 E 0.5 9 i 0
4 m 0.8 10 E. 0.5
5 H 0.4 11 ;! 0.4
6 E 0.5 12 El 0.5




Interference weight assignment for
Square type pilot pattern (2/2)

TR Pilot_MT]
1 2 3 4 5 6 7 8 9 10 11 12
Pilot BS

1 1 0.6 0.5 0.8 0.4 0.5 0.2 0.6 0 0.5 0.4 0.5
2 0.6 1 0.5 0.4 0.8 0.5 0.6 0.2 0.4 0.5 0 0.5
3 0.5 0.5 1 0.5 0.5 1 0.5 0.5 0.5 0 0.5 0
4 0.8 0.4 0.5 1 0.6 0.5 0 0.4 0.2 0.5 0.6 0.5
5 0.4 0.8 0.5 0.6 1 0.5 0.4 0 0.6 0.5 0.2 0.5
6 0.5 0.5 1 0.5 0.5 1 0.5 0.5 0.5 0 0.5 0
7 0.2 0.6 0.5 0 0.4 0.5 1 0.6 0 0.5 0.4 0.5
8 0.6 0.2 0.5 0.4 0 0.5 0.6 1 0.4 0.5 0.8 0.5
9 0 0.4 0.5 0.2 0.6 0.5 0 0.4 1 0.5 0.6 0.5
10 0.5 0.5 0 0.5 0.5 0 0.5 0.5 0.5 1 0.5 0.8
11 0.4 0 0.5 0.6 0.2 0.5 0.4 0.8 0.6 0.5 1 0.5
12 0.5 0.5 0 0.5 0.5 0 0.5 0.5 0.5 0.8 0.5 1




Interference weight assignment for
Line type pilot pattern (1/2)

BS Pilot Pattern

weight

weight
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Interference weight assignment for

Line type pilot pattern (2/2)

R Pilot MT]
1 2 3 4 5 6 7 8 9 10 11 12
Pilot_BS
1 1 0.6 0.5 1 0.6 0.5 0.5 0.5 0 0.5 0.5 0.1
2 0.6 1 0.6 0.5 0.6 0.2 0.8 0.5 0.5 0.4 0.1 0.5
3 0.5 0.6 1 0.5 0.2 0.6 0.4 0 0.5 0.8 0.4 0.5
4 1 0.5 0.5 1 0.5 0.5 0.6 0.6 0.1 0.5 0.5 0
5 0.6 0.6 0.2 0.5 1 0.6 0.5 1 0.6 0 0.5 0.5
6 0.5 0.2 0.6 0.5 0.6 1 0.1 0.5 0.6 0.4 0.8 0.5
7 0.5 0.8 0.4 0.6 0.5 0.1 1 0.6 0.5 0.6 0.2 0.5
8 0.5 0.5 0 0.6 1 0.5 0.6 1 0.5 0.2 0.6 0.6
9 0 0.5 0.5 0.1 0.6 0.6 0.5 0.5 1 0.5 0.5 1
10 0.5 0.4 0.8 0.5 0 0.4 0.6 0.2 0.5 1 0.6 0.5
11 0.5 0.1 0.4 0.5 0.5 0.8 0.2 0.6 0.5 0.6 1 0.6
12 0.1 0.5 0.5 0 0.5 0.5 0.5 0.6 1 0.5 0.6 1




Pilot assignments in TDD segments
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Pilots assignment in TDD subframes
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Interferences in Pilots Assignment in TDD

(7
SeWaGal,
e Savel

e

¢ @

S




Interference weight between any two pilot types
assigned for the DL and UL among three clusters

Interference
Weight

i DL UL DL UL DL UL
Base Station

Cluster

0 0.6 0.8 0.5 0.5

0 04 0.2 0.3 0.5
0.6 0.4 0 0.5 0.5
0.8 0.2 0 0.5 0.5
0.5 0.5 0.5 0.5 0

0.5 0.3 0.5 0.3 0




Pilot pattern assignment in FDD multiplexing
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Pilot pattern assignment for down link and
uplink subframes in FDD multiplexing
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Cell edge interference

Signal Path:
Interference Path:




Orthogonal pilot pattern assignment for cell 1

and cell 2 when the MS is located at the cell edge
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Using Interference Reducing Pilot structure
by different BS

Carrier Frequency 2.5 GHz
System BW 10 MH=
BS Antenna Gain 17dE
AS Antenna Guin OdB
B5 height 32 M
MS height 1.5
Path Loss moded CO3T231 Hata model
Celi radius 500 M
Niimber of BS 7
Fregquency reuse factor 1




Interference introduced from neighboring BSs
to the MS

No. BS Type Sensitivity (dBm)

-119.6224

-131.9415

-135.7063

-135.7182

-143.4239

-143.4282

Signal path
Interference path (interference weight: 0.4)
Interference path (interference weight: 0.5)
Interference path (interference weight: 0)
Interference path (interference weight: 0.5) .
Interference path (interference weight: 0.6) frequency reuse: 1
Interference path (interference weight: 0.2)

-145.5291

mnmnin""nl § S

Serving BS=No.4  Target BS=No. 1

OEMMUO®>



Resulting Interference levels by using and
without using interference reducing pilots for BSs

IR Pilot Common Pilot
No. BS Type Sensitivity (dBm) Interference weight No. BS No. BS Sensitivity (dBm) Interference weight
1 m -131.9415 0 1 m -131.9415 1
2 E -143.4282 0.5 2 m -143.4282 1
3 ﬁ -135.7182 0.4 3 m -135.7182 1
5 m -135.7063 0.2 5 m -135.7063 1
6 E -143.4239 0.6 6 m -143.4239 1
7 E -145.5291 0.5 7 m -145.5291 1
Pattern Serving BS interference (dBm)
IR Pilot -136.4793

Common Pilot -128.8767




Using Interference Reducing Pilot structure
by different Cluster

Carrier Freguency 2.5 GHz
System BW 10 MH=
BS Antenna Gain 17dB
AMS Antenna Gain 0dB
BS heighi 32 M
MY height 1.5 M
Puth Loss model CO3T231 Hata model
Cell radius 500
Cliuster 7
Niumber of BS 12
Freguency reise fuctor 12




MS uses the same frequency
to communicate with all cluster BSs

Cluster Type Sensitivity (dBm)

3 5 -135.4475
1 ; -156.5196
2 ; -158.5863
4 H -158.5863
5 ;! -166.6907
7 E -166.6907

A. Signal path

B. Interference path (interference weight: 0.5)

C. Interference path (interference weight: 0.5) 6 -168.8460

D. Interference path (interference weight: 0)

E. Interference path (interference weight: 0.6)

F. Interference path (interference weight: 0.2) frequency reuse: 19

G. Interference path (interference weight: 0.4)



Resulting Interference levels by using and
without using interference reducing pilots
for BSs

IR Pilot Common Pilot
CI’:gt.er Type Sensitivity (dBm) Interference weight CI’:gt.er No. BS Sensitivity (dBm) Interference weight
1 ﬁ -156.5196 0 1 m -156.5196 1
2 E -158.5863 05 2 m -158.5863 1
4 H -158.5863 0.4 4 m -158.5863 1
5 m -166.6907 0.2 5 m -166.6907 1
6 ;! -168.8460 0.6 6 m -168.8460 1
7 E -166.6907 05 7 m -166.6907 1
Pattern Cluster interference (dBm)
IR Pilot -158.3135

Common Pilot -135.3844




Summary

 When we introduced the interference reducing pilots for the
various communication links we reduce the interference level
by 7.5 dB for 7 base stations with frequency reuse factor 1 and
the interference level reduce by 23 dB for 19 base stations
when the use factor is 19.



Proposed Text for SDD (1/4)

11.X DL/UL control

11.X.1 Interference management
1) Frame structure for the control channel

Insert the following statements in the text

(1) SFH (Super Frame Header): the SFH is used for the transmission of the information

(2)

(3)

(4)

(5)

(6)

such as the synchronization, frequency reference, cell ID etc

FH (Frame Header): the FH will identify which frame should activate an IR-Zone
(interference reducing zone), and when an IR-Zone is activated then the MS in this
zone will receive the interference reducing service.

FM (Frame Map): This FM is used to designate MSs locations in the sub-frame for
those MSs are not in the interference-reducing zone (IR-Zone).

SFM (Sub-frame Map): the SFM is used to designate which MSs in this IR-Zone need
the interference reducing service. The MS designated can be a group of MSs or a
single MS. It gives MS the information of the zone location, the orthogonal pilot pattern
and it also will provide the relative location information of the UL- Zone.

IR-Zone (Interference Reducing Zone): this zone is activated by the BS it can be
divided into UL and DL IR-zones. The zone’s size and location are described in the FH
and the SFM, it also serves those MSs that need interference reducing services.

UL-IRR (Uplink—interference Reducing Request): the MS will send an interference
reducing request in this frame and the BS will include this MS which sends this request
in the IR-Zone in the next DL frame.



Proposed Text for SDD (2/4)

Control channel structure for TDD

=| Super Frame 0 |Z| Super Frame1 |Z| Super Frame 2

— -
— -

— -
——_——

FH

~

- Switch Point for DL:UL=5: =~ <
~ ~ ~ ~
~ ~ ~ ~
-~ ~ ~ <~ -~ <
7 ~ -~ < - ~ -

DL pL | bW UL uL UL -
SF2 SF3| SF4 SF5

FM
7

(w)
ar
» o
n=

IRR
()
M
(o2}
()
M
N




Proposed Text for SDD (3/4)

Control channel structure for FDD

SFH

Super Frame 0

Super Frame 1
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Proposed Text for SDD (4/4)

2) Interference Reducing Pilot Patterns

With properly designed pilot patterns that they have power interference weight
between two any pairs of pilots we can have the system interference level lower
than the system that has the same weight assigned for all pilots.
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