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1. Introduction

SC-FDMA (e.g. DFT-SOFDM) is a strong candidate for 3GPP Evolution uplink technology. To maximize the spectral efficiency, frequency reuse factor of one is proposed for both downlink and uplink. With frequency reuse factor of one, data and control channels in one sector will experience interference from other sectors/cells. This is especially true for UEs at the edge of cell or at bad coverage locations. Therefore, full power transmission experiences very poor edge performance. On the other hand, traditional power control scheme suffers low overall spectral efficiency due to lack of UEs that can transmit at high data rates. In this contribution, we propose a fractional power control scheme which provides better tradeoff between the cell-edge performance and the overall spectral efficiency. In addition, since the cell-edge users are also likely to be power limited, FDM resource allocation and interference management by UE alignment are also proposed to work with the fractional power control scheme to achieve the performance goal for E-UTRA uplink.
2. Fractional Power Control
In stead of full power transmission or compensate for the whole path loss (including shadowing), transmit power is controlled to compensate a fraction of the path loss as per the following equation: 
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where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, L is the path loss for the UE and Lx-ile is the x-percentile path loss (plus shadowing) value. If x set to 5, then statistically 5 percent of UEs with bad channels will transmit at Pmax.  Finally, 1>(>0 is the balancing factor for UEs with bad channel and UEs with good channel.
If (=0, all UEs will transmit at full power which results in high interference level and poor edge performance.  If (=1, we then have the traditional slow power control scheme where all UEs are received at the same power with poor spectral efficiency.  By letting 1>(>0, say ( = ½, it can achieve both good edge performance and high spectral efficiency.  UEs with good channel condition transmit at relatively low power level to reduce the interference. At the same time, UEs with good channel condition are received at relatively high power level to achieve high spectral efficiency. This is confirmed in Figure 1 which shows the user throughput CDF. The UEs are dropped randomly in the system without avoiding bad locations. The ISD is 500 meters and the penetration loss is 20 dB.
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Figure 1 User throughput distribution for difference power control scheme.
3. FDM Resource Allocation

As shown in Figure 2, with 1732 meter ISD and 20 dB penetration loss (case 3 in [1]), about 50% of the UEs have SNR less then 0 dB. Furthermore, the cell-edge UEs have SNR less than -10 dB. For this situation, mere power control (and interference management) will not be able to obtain satisfying cell-edge performance and spectral efficiency. Here we propose to have FDM resource allocation for E-UTRA uplink where the slow power control is modified to control the transmit power per sub-band (or power spectral density) for the assigned bandwidth. 
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Figure 2 Received SNR distribution with full power transmission.

When a UE’s transmission bandwidth is reduced, its power per sub-band is effectively boosted which results in only minor performance loss, say less than δ=1 dB. The performance loss is due to using a higher coding rate or modulation level and the loss will be ignorable for UEs at the cell-edge. Although there is minor performance loss, say slightly lower supportable data rate or higher FER, by FDM and minimizing the transmission bandwidth, every UE has more chance to transmit and hence the overall spectral efficiency and the cell-edge performance improve.
4. Interference Management by UE Alignment

The interference can be further controlled by aligning UEs with similar channel quality when allocating time frequency resource. The UE alignment is illustrated in Figure 3. The UEs within one sector are sorted according to their path loss (including shadowing). The index resource blocks are then allocated to the sorted UEs so that UEs with similar channel condition will generally be aligned to the same resource region.
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Figure 3 Illustration of Resource Allocation with UE Alignment.
5. Performance Comparison

In this section, the simulation results are given to compare different uplink slow power control and multiplexing schemes. The following schemes are simulated:
 

· Power control: full power transmission, regular power control and fractional power control.
· Multiplexing: TDM, FDM with 5 sub-bands, and FDM with 10 sub-bands. Note, the sub-bands have sub-carriers distributed all over the whole bandwidth.
· With and without interference management by UE alignment.
Results are shown for full buffer traffic and 5 (and 10) UEs per sector. DFT-SOFDMA is used with power back off. Table 1 and Table 2 show results for cases of ISD of 500 meters and 1732 meters, respectively. The penetration loss is 20 dB. Complete simulation assumptions are given in the Appendix. 5 percentile user packet-call throughputs and the sector throughputs are shown in Kbps for all the simulated schemes. 
Table 1 shows the results for 500 meter ISD and 20 dB penetration loss and average 5 UEs per sector. The regular and fractional power controls provide significant cell edge performance gain over full power transmission while the sector throughputs are comparable. Interference management through UE alignment further improves the cell-edge performance. In addition, FDM resource allocation improves the sector throughput of the power controlled cases with fixed cell edge throughput. On the other hand, the FDM resource allocation boosts the cell-edge performance of the full power transmission.
	Power
	Power Control
	Fractional PC
	Full Power

	TDM/FDM
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10

	no

IM
	Sector
	3579
	3993
	4037
	3820
	4050
	4026
	4059
	4105
	3709

	
	5% User
	70
	70
	70
	70
	70
	70
	18
	40
	44

	w/

IM
	Sector
	3773
	3992
	3796
	3815
	3962
	3818
	4041
	3863
	3622

	
	5% User
	72
	80
	88
	96
	96
	96
	32
	52
	52


Table 1 Sector and edge throughput for ISD of 500 meters.
Table 2 shows results for 1732 meter ISD and 20 dB penetration loss and average 5 UEs per sector. In this case, power control provides significant cell edge performance gain over full power transmission and interference management through UE alignment gives additional gain of cell-edge throughput. FDM resource allocation improves both the sector throughput and cell edge performance significantly. With the same cell edge performance, fractional power control has higher sector throughput than regular power control.
	Power
	Power Control
	Fractional PC
	Full Power

	TDM/FDM
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10

	no

IM
	Sector
	1292
	2285
	2696
	1841
	2598
	2981
	2647
	3053
	3008

	
	5% User
	10
	40
	48
	10
	40
	48
	5
	20
	36

	w/

IM
	Sector
	1487
	2317
	2529
	2060
	2757
	2662
	2646
	2808
	2926

	
	5% User
	12
	48
	52
	14
	48
	56
	5
	30
	40


Table 2 Sector and cell edge throughput for ISD of 1732 meters.
Table 3 shows results for 500 meter (case A) and 1732 meter (case B) ISD with average 10 UEs per sector and with IM though UE alignment. Similar conclusions hold as in the case of 5 UEs per sector while the 5% user packet call throughput is reduced to about 2/3 (1/2) of that of 5 UEs per sector for ISD of 500 (1732) meters, due to higher load of the system. 
	Power
	Power Control
	Fractional PC
	Full Power

	TDM/FDM
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10
	TDM
	FDM=5
	FDM=10

	A
	Sector
	3721
	3940
	3835
	3793
	3890
	3815
	3956
	3729
	3406

	
	5% User
	44
	48
	56
	56
	56
	56
	12
	36
	40

	B
	Sector
	1629
	2366
	2703
	1968
	2632
	3032
	2696
	2717
	3026

	
	5% User
	5
	28
	36
	6
	28
	30
	3
	16
	20


Table 3 Sector and edge throughput for 10 UEs/sector, with IM and ISD=500(A) and 1732(B) meters.
6. Conclusions

Fractional power control scheme is proposed with FDM resource allocation for E-UTRA uplink. Simulation results show significant gains in terms of cell edge performance and sector throughput over full power and traditional power control scheme with TDM resource allocation.
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APPENDIX - Macro-Cell System Simulation Baseline Parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500m and 1732m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth mode
	2.0GHz / 5MHz

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	43dBm

	UE power class
	21dBm

	Inter-cell Interference modelling
	UL: Explicit modelling (all cells occupied by UEs), 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters


-----------------------------------Start of text proposal-------------------------------------

9.1.2.4
Power control

For the uplink, transmission power control, being able to compensate for at least path loss and shadowing should be supported. The benefits and possible means for compensating also for fast (multi-path) fading should be investigated during the Study Item phase. The uplink transmission power control should be flexible to compensate all or a fraction of the path loss and shadowing.
9.1.2.7
Inter-cell interference mitigation
The basic approaches to inter-cell interference mitigation for uplink are as follows.
· Co-ordination/avoidance i.e. by fractional re-use of time/frequency resources
· Inter-cell-interference randomization

· Frequency domain spreading

· Slow Power Control

Regarding the Frequency domain spreading, a spreading gain can be obtained either explicitly by spreading modulation symbols over multiple carriers or implicitly by using repetition code in the channel coding. 
In addition, the use of beam-forming antenna solutions at the base station is a general method that can also be seen as a means for uplink inter-cell-interference mitigation. The feasibility of implementing inter-cell-interference cancellation in uplink needs further investigations.
It should be noted that the different approaches could, at least to some extent, complement each other i.e. they are not necessarily mutually exclusive.

9.1.2.7.3
Slow Power Control
By performing the slow power control scheme on each UE uplink transmission power, the average inter-cell interference level received at the Node-B is effectively reduced. 

The slow power control may be implemented in each Node-B by sending slow updating power control signaling. Alternatively, each UE can derive its own transmission power according to the path loss measurement from downlink pilot. No coordination is needed between the Node-Bs. 

To achieve good tradeoff of the cell-edge performance and the overall spectral efficiency, slow power control scheme that compensates a fraction of the path loss and shadowing should be considered.

-----------------------------------End of text proposal-------------------------------------
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