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Fractional Frequency Reuse in Uplink
JongYoung Han, HanGyu Cho
LG Electronics
1. Introduction

According to 802.16m system requirements [1], performance of cell edge user is required to be twice improved relatively over the Wireless MAN-OFDMA system. In uplink, since the variance of interference is very large, the target performance requirement is more challenging. 

Generally, fractional frequency reuse (FFR) scheme is known to be useful for the enhancement of the cell edge user performance with a reasonable tradeoff with average user throughput.

In this contribution, we show the system-level performance gain from the FFR in uplink and propose the FFR to be adopted in the 802.16m uplink design. Furthermore, we show the preferred FFR configuration and operation, which is practical in terms of signaling overhead and operational feasibility. Some power control issue in FFR is also addressed in a high-level.
2. System-level performance gain from FFR 
2.1 Fractional frequency reuse (FFR)
Fractional frequency reuse partitions the frequency resources for use of different reuse factors. Figure 1 shows the concept of hard FFR and soft FFR assuming that reuse 1 and reuse 1/3 are used, respectively. In hard FFR, some resources are dedicated to edge users in one cell and are not allowed to be used by any users in other cells, which results in loss of spectral efficiency. In soft FFR, (inner) users in other cells are allowed to use the resources assigned to the edge users in other cell with some power restrictions. Since we can restrict the power to zero, hard FFR is a special case of soft FFR. In this contribution, we only consider soft FFR which is more promising in terms of spectral efficiency.
Figure 2 shows the cell configurations for hard FFR and soft FFR, respectively.
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Figure 1. FFR partition and PSD
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Figure 2. Cell configuration with FFR 
2.2 System-level performance comparison
In this section, we compares the non-FFR case and FFR case based on system-level simulation of which assumptions and parameters are shown in Appendix. 
Figure 3 compares the CDF of user throughput and the detailed results are summarized in Table 1 and 2 for ISD (inter sector distance) = 500m and ISD = 1500m, respectively. As shown in the Figure and Tables, FFR brings cell edge user throughput gain 42% and 25% at the cost of small average user throughput loss 1% and 1.4% for ISD = 500m and ISD = 1500m, respectively. 
[image: image3.png]) C802.16m-08_xxx Inter-cell interference mitigation in Uplink_Draft ver 080707_ver02 - Microsoft Word

[v]

TEE

HEEE]

AMO) EID EG BW ESTH

1% EZ + (32 - Times 12

File Edit View Insert Tools Window Help

losmavar/pon

15D 500: wio FFR vs. w FFR

LES

07k

06

F(x) = COF

04

03t

02t

wio FFR
— wSoft FFR

[
0 00 200 30 400 500 600 700
user throughput (kbps)

800 o0 000

Figure 5 ISD 500 throughyut

Figure 6 1SD 1500 throughpute

IEEE C802.16m-08/xxxe




      [image: image4.png](x &3
) D@ EIE 20 420 ANQ) D HOED HW S8
NEE RIS E @08 s o3 0% 2@ i
2eEIE s [ FHW N N IO R F gl ({5 2=

- 10 <] ok JF Ot Hw % o W%
R AEEARR AR AR AR |- 1 Ipeie)

£
W2 - A 191232

N o P Q R B T U v W X Y z ) B AaC DA
1688 0333333 6,592 6,926987 7.608996 1209578 200 _0,086957 0 65880 281088 100000 INFINITE BLBUFFERING CNTR  CNTR
1689 03,1875 4,086305 7423957 = BJR CNTR
1690] 0,232222  3,054545 1502595 740266, e CJEESE e
1691 15 5836667 7.05727 831618 Fie Edt View Insert Tools Window Help = onR
1692 1277778 6,142857 8003491 9.40210¢ DE | (DS @ &K A A/ |2 O 3 CNTR
1693]0,111111 5,111111 8,115868 9,68185¢ 3 CNTR
1694 0,166667 5628571 9,337618 9,37915¢ 3 CNTR
1695 1,166667 12,16364 11,34878 5.28224° & B E 15D 1500: wio FFR vo. w FFR 3 CNTR
1696 0055556 3947059 4,861398  7.215547 [\ 3 CNTR
1697 1,166667 4,931034 7,63497 8,76223¢ 3 CNTR
1698 0,666667 4,304762 3,346267 563174l 1sdis00 09 2 EDGE
1699 0 1528 -139203] 6,48818% | F isdi50q = EpGE
1700 0/ 5.314286 5801455 570145 gy i ey 3 CNTR
1701]0,111111 7.588235 6,698606 8,63108€ y 08 3 CNTR
1702/ 0.111111 1,02 -2,19867  9,29146¢ BB isB00 R CNTR
1703 0 7,75 8,700809 10,6501 | FH isds00_ o7l 3 CNTR
1704 05 4018182 5423631 B.159%¢ gy gy 3 CNTR
1705 0,166667 2,424 0.637774 17,6823 y = EDGE
1706 | 0.055556 | 5,745455 8981648 7,38025¢ HH 1sdkt0. 06 E EDGE
1707/ 0611111 6,888 8795948 7,243967 Elnoffr| " 3 CNTR
1708| 0611111 549 6062336 9200021 gg.yy; oy 8 3 CNTR
1709 0055556 7.616 11,46142 9,60431¢ - T 05 3 CNTR
1710/ 0,555556 4.4 5941708 8,20540¢ Elleoft.ce z 3 CNTR
171 0 0,018182 -7,35358] 7,74991¢ | B soft_ce ol 3 CNTR
1712
1713 [ sof t _ce|
1714 Efsoft_ed 03k
1715 B soft_ed
1716
1717 02
1718
1719

014 -
1;2? — Without FFR
H H H H H H — With Soft FFR.

1722 0 | | | | | | " :
1723 o 100 200 300 400 500 600 700 800 900
1724 user throughput (kbps)
1725
128 B T
Hg; 5> cdfplot(isd100_ fr_throuheut):hold on:
1729 < > =
1730
1731 =
1732
1733
1734
1735
1728 b
W o/ < >l

| ™ 3-089.9101193




(a) ISD = 500m                                   (b) ISD = 1500m
Figure 3. CDF of user throughput
Table 1. Throughput/spectral efficiency comparison (ISD = 500m)
	
	Without FFR
	With FFR

	Average user throughput
	293 kbps
(0.781bps/Hz)
	290 kbps (-1.0%)
(0.773ps/Hz)

	5% tile user throughput
	62.48 kbps
(0.0166bps/Hz)
	88.74 kbps (+42.0%)
(0.0237/Hz)


Table 2. Throughput/spectral efficiency comparison (ISD = 1500m)
	
	Without FFR
	With FFR

	Average user throughput
	290 kbps
(0.773bps/Hz)
	286 kbps (-1.4%)
(0.763 bps/Hz)

	5% tile user throughput
	46.2 kbps 
(0.0123bps/Hz)
	57.9 kbps (+25.3%)
(0.0154bps/Hz)


3. FFR configuration in UL

In this section, we show our preference on FFR configuration in UL. Our main design criterion on FFR is to confirm the feasibility and real performance gain. 

Table 3 shows the FFR configuration. As shown in the table we categorize into only two-modes: FFR-off and FFR-on which is reasonable and realistic in the aspect of signaling overhead, operational complexity, and cell configuration. For flexibility, we support two reuse factors 1/3 and 2/3 and also support flexible partitioning between reuse 1 region and reuse 1/3 (or 2/3) region.
Table 3. FFR configuration

	
	Reuse 1 case 

(no FFR)
	FFR case
	Signaling

	# of partitioning
	1
	4
	2bit signaling

	Reuse factor
	1
	1/3, 2/3
	

	BW partition
	BWT
	BWT/(3+x)*[1,1,1,x]
	2bit signaling


Summary is as follows:

· Only two modes: FFR-off and FFR-on (4 partitions)

· Adaptive FFR

· Adaptive to traffic load under BS coordination

· Adaptive reuse factor

· Adaptive BW size

· Semi-static FFR

· Dynamic (period is less than 20ms) FFR is impractical

· BS to BS sharing of FFR configuration by backbone 

· BS to MS signaling of FFR configuration using broadcast channel per superframe

· Soft FFR

· Hard FFR is a special case

4. Consideration on power control in FFR

In uplink, mean and variance of interference level (or IoT) is generally large. FFR can help to reduce mean and variance of interference level which is beneficial in the aspect of link adaptation and power control. 

Power control in uplink can be considered along with FFR to be fit to each feature of FFR group. Some examples are as follows:
· Tx. power restriction or MCS level restriction for inner bands in reuse 1/3 (2/3) region

· Different restriction can be applied according to geometry
· Different power control scheme can be applied to users in the edge band 
· Inter-cell power control considering FFR groups

· E.g. explicit (or signaling-based) inter-cell power control for the edge band (or edge users) and implicit inter-cell power control for the inner band
 Detailed power control scheme is likely to be more implementation-oriented, but, it seems necessary to consider FFR when designing power control scheme, especially for inter-cell power control.
5. Conclusion 
We would like to replace conclusion with the following proposed text for SDD. 
================================= Start of Proposed Text ====================================

11.x.x. Interference Management

11.x.x.x Uplink

11.x.x.x.x Fractional Frequency Reuse (FFR)
Fractional frequency reuse (FFR) is considered in uplink. The information for FFR configuration such as the number of FFR groups, bandwidth and power level for each group, and etc., is semi-statically shared among BSs and properly signaled to MSs. 
=================================== End of Text Proposal ===================================
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Appendix 

<Simulation Assumptions>

	Scenario /Parameters
	Baseline Configuration

	Site-to-Site Distance
	1.5km / 0.5km

	Carrier Frequency
	2.5GHz

	Operating Bandwidth
	10MHz for TDD

	BS Height
	32m

	MS Tx Power
	23dBm / 17dBm

	MS Height
	1.5m

	Penetration Loss
	10dB

	Pathloss model
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	Lognormal Shadowing Standard Deviation
	8dB

	Correlation Distance for Shadowing
	50m

	Channel Type
	ITU Ped B

	Mobility
	3km/hr

	Spatial Channel Model
	ITU with spatial correlation

	Basic Modulation
	QPSK, 16QAM

	Duplexing Scheme
	TDD

	Subchannelization
	Band AMC

	Resource Allocation Granularity
	Band AMC Type: 2x3 

	Multi-antenna Transmission Format
	1x2 SIMO

	Receiver Structure
	MMSE

	Data Channel Coding
	Convolutional Turbo Coding (CTC)

	Scheduling
	Proportional fairness for full buffer data only
10 active users / sector

Fixed control overhead of 3 symbols, 15 symbols for data, 5 partitions of 48 sub-channels

	Link Adaptation
	7 levels, QPSK(1/2) with repetition 1/2/3/4, QPSK(3/4), 16QAM(1/2), 16QAM(3/4)

	Link to System Mapping
	MMIB

	HARQ
	Adaptive HARQ, Maximum 4 retransmissions, retransmission duration 3 frames

	Interference Model
	Average interference on used band

	Frequency Reuse Factor(FRF)
	3 sectors with FRF=1, FRF 1/3 for FFR operation

	Users dropped
	Uniformly in entire cell
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※ 3 sectorized cell configuration
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