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Introduction

OFDMA subcarrier allocation algorithms are
different for the uplink and downlink [1].

In the downlink, the pilots are allocated before data
subchannels and there is no mechanism to associate
pilots with data subchannels.

This allocation algorithm forbids simultaneous
BS/RSs transmissions, which will cause the wrong
channel estimation at SSs [2], and thus results 1n low
resource utilization efficiency [3].

We recommend efficient resource utilization scheme
through joint precoding and cooperative transmission

by BS/RS in downlink.




I1lustrations of Pilot Collision Problem

* During concurrent transmissions of multiple BS/RSs,
some SSs will hear multiple pilots and estimate a sum of
the channel rather than the true data channel response, as
1s shown 1n Fig.1 and Fig.2.

* This problem 1s named as pilot collision problem, which
will greatly reduce the performance of the involved SSs.
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Fig. 1



Inefticient Resource Utilization Under Pilot

Collision Problem s o
» Pilot collision problem is an obstacle R rete
to effective resource utilization me
because 1t forbids the simultaneous

transmissions of multiple BS/RSs in
the same OFDM symbol, for
example, as indicated 1n [3].

« The resource can not be efficiently
shared and utilized among BS/RSs il
until the pilot collision problem can
be appropriately solved without
changing the SS/MS.
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Flg 3 (From reference [3])



Cooperative Transmission

* To solve the pilot collision problem, BS and RSs can
cooperatively transmit data and pilots to SSs with
properly designed precoding.

* By combining with appropriate scheduling, effective

resource utilization can be achieved.
Data of SS2+ pilots+ data of SS1

/ Data of SS1+ pilots

Fig. 4



Joint Pilot and Data Precoding

* No need of channel response

— Only (coarse) SNRs from MS/SS to BS/RS are needed
* E.g.in Fig.4, the SNRs from SS1 to BS and RS are needed.

— The SNR information 1s used to adjust the transmission
power of BS and RS during the cooperative transmission

Pilot Data (W4, (n) BS to MS weight on subcarrier 7 for Pilot

8S | Wi ()P | W2 (n)- Dy, W, (n) BS to MS weight on subcarrier 7 for Data
) wr (n) RS to MS weight on subcarrier n for Pilot

RS | W (n)-P | W, (n)-Dyy | | W2 (n) RS to MS weight on subcarrier # for Data

_ § o :
Precoding P,D  Pilot signal and Data signal



Joint Pilot and Data Precoding

 For simultaneous transmission

i Data
Pilot é &,
Examplel| P D, D,
P D, 0

»BS to SS2 and RS to SS1 transmissions can
happen in one OFDM symbol simultaneously
without causing SS1 to suffer from pilot collision.
»The unusable spare resource caused by pilot
collision problem can be avoided.

Pilot 4 Data 4,

P/N2 |D,/N2 |D, /N2
PN D3| o

»The transmission power of BS and RS can be
adjusted in cooperative transmission.

»For example, if we schedule a SS2 near BS,
the total transmission power of BS and RS can
be reduced on the premise of satisfying the
performance requirement of SS2.

Example2
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Data of SS2+ pilots+ data of SS1
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Joint Pilot and Data Precoding

 For resource reuse

Pilot 4 Datay

Example | P D, D,

P D3 D2

»During the transmission of RS to SS2
and SS3, BS to SS1 transmission can be
scheduled at the same time if SS1 is out
of the RS coverage.

»Through the cooperative transmission
by BS and RS to SS3, SS3 will not suffer
from the pilot collision problem caused by
the simultaneous BS and RS transmission.
»The transmission power of BS and RS
can be adjusted in cooperative
transmission by scheduling proper SSs.

: Reuse
Cooperative
: transmission

Two OFDM symbols One OFDM symbol

RS1-> BS ->SS1&SS3
5528653 BS->SS1 RS1->SS2&SS3

Non-simultaneous Simultaneous
transmission transmission with reuse



Efticient Resource Utilization

» Cooperative transmission and joint precoding enable
resource reuse and avoid the unusable spare resource
caused by pilot collision problem, and therefore can
achieve high efficiency of resource utilization by
combining with proper scheduling.

 Two examples are shown 1n the following slides.
— Coverage extension: Coverage hole
— Throughput enhancement: Manhattan model

* Frame structure in [4] 1s used for 1llustrations.



Efficient Resource Utilization

e Classify MS

— Divide MSs into different categories according to their
SNRs to BS and RSs under different BS/RSs transmission
scenarios.

— Purpose

 Classify MSs into multiple groups with different FRF (Frequency
Reuse Factor) for scheduling and resource reuse.

— Method

* 1)Generally, BS has the SNRs of MSs for AMC, power control or
handover, etc. These SNRs can be used directly.

* 2)The required SNR information can also be obtained from ranging

— See the example in the next slide.
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Proposal on how to divide MSs 1nto different categories

* BS decides the category of MS on the basis of the
measured and reported SNR of MS.

Example: BS
Get SNR
from ranging
RS
MS

A

A

Preamble | BR/BM/RM ‘[ ]
Preamble | BR/BM/RM
Preamble | BR/BM/RM : MR : RB/MB

DL subframe

UL subframe \
Ranging subchannel

BS and RS monitor all the ranging signals to
obtain the SNR of MS.

RS reports the measured results to BS.
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Efticient Resource Utilization

* For coverage extension

C contention area
_ Example° Coverage hOle FCH frame control header
¢ P preamble
TDD Frame Structure
BM base station to mobile station
BR base station to relay station
DL sub-frame UL sub-frame MB mobile station to base station
MR mobile station to relay station
RB relay station to base station
. DL RM relay station to mobile station
P g burst £1 BR/BM RM C MR RB/MB
UL-MAP, ...) o~ % % L9
= 5 5 L To achieve reuse
P | MAP |Data burst C |Data burst ;tﬂg;ﬂlj;d WSs into the same
= »BS and RS transmit at the same
;' time and the same subcarriers.
i 7
RM can share resource
with BM (spatial reuse) RM
RM can not share FRF=2|FRF=1] — RM —I— BM
resource with BM
. . sSpare BM
Joint precoding and resource
cooperative transmission
Schedule proper BM to ﬂ
FRF: Frequency Reuse Factor achieve resource reuse
Schedule proper BM to 12

utilize the spare resource



Efticient Resource Utilization

* For throughput enhancement

— Example: Manhattan model

DL sub-frame

UL sub-frame

l | |
: ' ' FRF#1
FI DL _
B [y  BR/BM RM C MR RB/MB FRF=3 FRF=2
tLMar.y FRF=3
3 FRF=4
X P Data burst Data burst FRF=5
|::X: ® et e -+
FRF=1 FRF31
o BS X FRF=3 FRF=2| __ FRF=3 FRIgS
X RS Manhatt dol FRF=3 FRF=3
anhattan mode » |
FRF=s/ RF=4 FRE=5|FRF=4
> Note: Different | FEEd ]
relay-to-MS FRF31 3 FRFz1
transmissions FRF=3 FRF=2 FRF=3 FRE=2 FRE=3
can be TDM _I_ + FRF=2
fashion or FDM FRF=3 FRF=3 FRF=3
fashion. = = =
FRE=5 FRF=4 FRF=5 FRF=4 FRE=5 FRF=4
RS1 RS2 BS
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UL-subframe
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DL-subframe
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UL-subframe

Procedure of the Proposed Method

BS RS
|

Data of SS2+ pilots+ data of SS1
./ Data of SS1+ pilots

signals to get SNR

Monitor the ranging

A

Preamble
FCH

BR

Monitor the ranging

A

signals to get SNR

Report

Scheduling: classify SS,
find all possible reuse,
determine whether to
cooperative transmission
and the corresponding
weight

Transmit data of SS to RS
and Inform RS the |,
precoding weight

Non-cooperative

BM/RM

transmissions

Cooperative Cooperative
transmissions _| transmissions

h A 4

Main steps of proposed method

1)BS and RS monitor the ranging signals in the UL
subframe to obtain the SNR of SS.

2)RS report the measured SNR to BS.

3)BS performs the scheduling according to the
measured and reported SNRs. The processes at
BS include: classifying the SS, finding all possible
resource reuse under different BS/RS
transmission scenarios, adjusting the resource
allocation according the data length of SSs and
determining the precoding method and weight.

4)BS transmits the data of SS to RS and informs RS of
the precoding weight.

5)BS and RS perform the non-cooperative and
cooperative transmissions to MSs to achieve
resource reuse or avoid the unusable spare

resource.
14



Merits of the Proposed Resource Utilization Scheme

» High efficiency of resource utilization
— Resource reuse
— Avoid unusable spare resource caused by pilot collision problem
e Good BER performance
— No pilot collision
— Spatial diversity
e Simplified RS
— Scheduling is performed at the BS
* Small overhead
— Generally, BS has the SNRs of MSs

» If so, no overhead in the uplink

— In the downlink, the overhead is about K x N ,which is much smaller than the
reused resource or the unusable spare resource. (where K is the bits number for
expressing the precoding weight, e.g K=3~5, and N is the number of MSs,
which needs cooperative transmission, and the severing RSs of which need to
change the transmission power.)

* Delay
— Same frame relay
* No modification at SS/MS

e Can be applied to other frame structures, like [5][6].
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Summary and Recommendation

 Efficient resource utilization schemes among
BS and RSs are required for downlink
transmissions.

* Pilot collision problem needs to be solved
without changing MS/SS.

e We recommend efficient resource utilization
on the basis of joint precoding and cooperative
transmission at BS/RS.
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