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1. Introduction
During the 3gpp RAN1 meeting in Sorento, it was agreed that EUTRA will support, at minimum, a slow power control with update rate not faster than 200Hz. Furthermore, it was agreed that PSD should be controlled, and that certain adjustments by the network are also necessary. Since EUTRA is orthogonal system, the main purpose of UL power control should be control of interference to and from adjacent cells. As a baseline inter-cell open-loop method, FPC was proposed, and further improved by considering path loss to strongest non – serving cells. Thus, we study following three proposed open – loop intra – cell methods
1) Fractional power control (FPC) [4,5,6,9], which allows for cell-interior users, with low path loss, to be received with greater powers. 

2) Improved FPC [10], with UE-specific parameter α depending on the path – loss to strongest non – serving cell 

3) The bi-modal power control (BMPC) [8], where a received power gap between serving and non-serving mobiles is maintained, whenever possible.  

This contribution provides a study of these three approaches. In summary, each FPC and IFPC approaches have drawbacks which are addressed by the BMPC, and also shown using system simulations. The drawback of FPC is that it manages interference to adjacent cells only indirectly, through the path loss to the target cell. Rather, a direct management of interference to adjacent cell, on a per-UE basis, is required. Such management is done with IFPC, which indeed improves system throughput from FPC. However, overall system simulations show that BMPC still provides superior cell – edge and cell – average performance from IFPC.
2. Power Control Proposal for EUTRA 
2.1.1. Open – Loop Intra – Cell Power Control 
Basic intra – cell open – loop power control mechanism is described as follows:

PUE-k = min{Ts – Ls,k + Js, PmaxUE}.


    (1)

· “k” is the index of the UE which performs OLPC.

· PUE-k is transmission power setting of the UE “k.”

· “s” is the index of the serving cell for UE “k.”

· Js is the uplink interference level as measured by the cell “s.”

· Ls,k is the long-term propagation gain [between UE “k” and its serving cell “s,” and vice-versa].

· Ts is common target signal-to-interference ratio in the cell “s.”
· PmaxUE is the maximum transmit power of the mobile device.

When the UE transmits with power Ts – Ls,k + Js, it’s signal is received with power Ts+ Js, at the serving cell “s,” thus overpowering the interference level by the targeted Ts. One algorithm to achieve (1) is as follows
1. Each m-th cell broadcasts its common power baseline Bm = Pcell-m + Tm + Jm, where Pcell-m is the transmission power of the cell “m”. 
2. For the serving cell (m = s), the UE “k” measures broadcasted received signal power as (Pcell-s + Ls,k).
3. UE “k” decodes the common power baseline Bs = Pcell-s + Ts + Js, broadcasted by the serving cell (m = s). 

4. UE computes Ts – Ls,k + Js = Bs – (Pcell-s + Ls,k), and performs power settings (1). 
As a result, the minimum sufficient information that needs be carried on the BCH in support of basic intra-cell open loop UL power control is the common power baseline Bm = Pcell-m + Tm + Jm.
Note that it is also possible to individually broadcast Pcell-m, Tm, and Jm and that UE performs (1) based on this information. This approach, however, carriers more overhead for the downlink BCH, which is why it is not recommended. 

For the scheduled data channel, the UL sounding RS can perform power settings as per (1); then, the transmit power is adjusted in accordance to how many resource blocks are allocated to the UE (the PSD control). For scheduled data channel, Tserv can be set so that the NodeB controls the percentage of mobiles which are transmitting at the maximum power limit. For interference limited networks, as outlined in, such percentage should be small (1 % – 10 %), which guarantees optimum cell – edge performance. To control the percentage of mobiles which transmit at Pmax, UE it is required from all UEs to report when their transmit power reaches Pmax, UE. Such reporting can be scheduled to occur on a long time scale, for example, several times per second. Such reporting can be scheduled for each UE in a non-contention based manner, or alternatively, such reporting can be scheduled to be contention – based. 

2.1.2. Open – Loop Inter – Cell Power Control 
An additional (BMPC) mechanism [8] for meeting the high – end requirements of EUTRA is the open – loop power control which accounts for the interference to adjacent cells [8]. With such open – loop inter – cell power control mechanism, the transmission power of a UE is adjusted to be 

PUE-k = min {max {Ts – Ls,k + Js, (Tn - Gn) – Ln,k + Jn}, PmaxUE}.

(2)
In addition to parameters from the intra – cell mechanism, following definitions hold 

· “n” is the index of the strongest non-serving cell, for user “k.”

·  Gn is the target power gap between serving and non-serving mobiles for cell “n.” 

The simplest method to achieve (2) is as follows 

1) Each m-th cell broadcasts its common power baseline Bm = Pcell-m + Tm + Jm, where Pcell-m is the transmission power of the cell “m”.

2) For the strongest non-serving cell (m = n), the mobile UE “k” measures broadcasted received signal power by measuring (Pcell-n + Ln,k).
3) UE “k” decodes the common power baseline Bn = Pcell-n + Tn + Jn, broadcasted by the non-serving cell “n.”

4) UE “k” decodes the Gn for the strongest non – serving cell. 
5) UE “k” computes Tn – Gn - Ln,k + Jn = Bn – Gn – (Pcell-n + Ln,k).

6) UE “k” computes Ts – Ls,k + Js as outlined above in the intra – cell mechanism

7) UE “k” performs power settings as in (2)
As a result, the minimum sufficient information that needs be carried on the BCH in support of basic inter-cell open loop UL power control is the target power gap between serving and non – serving mobiles
With inter-cell method (2), the UE is allowed to increase it’s transmit power so that serving cell “s” SINR exceeds the Ts  provided that the UE doesn’t create excessive interference to non-serving cell “n.” This out – of – cell interference is controlled by the power gap Gn. By setting Gn = ∞, the mechanism reduces to the basic open – loop mechanism (1), where UEs are satisfied only by reaching the target SINR in the serving cell. The mechanism (2) is a re-formulation of [8]. The mechanism (2) allows for mobiles to boost their powers, provided that they do no cause excessive interference to adjacent cells.
3. Signalling Required

In summary, with the proposed power control apparatus, following signaling is required. First, each cell’s BCH is required to broadcast two parameters: the common power baseline Bm, and the target power gap Gm. The target power gap applies to non – serving UEs, and needs to be decoded by them only. Finally, to enable the means of controlling the Target SINR through network operations, we propose that mobiles report if they reach the maximum power limit. 
4. System Simulation Results

Since Case 1 is the representative case for interference-limited scenarios, system simulations were performed for Case 1, in order to examine how proposed power control methods deal with managing interference. First, a parameter sweep over BMPC is shown in Table 1. As a representative point, (Cell Edge Spec. Eff., Cell Spec. Eff) = (0.53, 0.96) is selected as a baseline. Then, spectral efficiency losses with several alternate proposals were studied. 
Table 1: System Simulation Results with the Proposed BMPC Power Control

	p = Target Perc. Of UEs at the Maximum Power Limit
	0.5%
	2%
	5%
	10%
	20%

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.54
	0.53
	0.41
	0.17
	0.10

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.91
	0.96
	0.96
	0.92
	0.87


Second, classic FPC was simulated with parameters as described in [4,5,6,8]. A sweep of system simulation results is shown in Table 2. From Table 2, it is apparent that classic FPC uniformy underperforms the proposed BMPC.   
Table 2: System Simulation Results with Fractional Power Control (FPC)

	Lx-tile = Perc. Path Loss [dB]
	-121
	-125
	-129
	-134
	-139

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.34
[36% worse than BMPC]
	0.40
[25% worse than BMPC]
	0.43
[19% worse than BMPC]
	0.40
[25% worse than BMPC]
	0.31
[42% worse than BMPC]

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.83
[14% worse than BMPC]
	0.83
[14% worse than BMPC]
	0.8
[17% worse than BMPC]
	0.7
[27% worse than BMPC]
	0.6
[38% worse than BMPC]


Third, FPC which accounts for strongest non-serving path loss [10], using non-uniform α, was simulated, in Table 3. UE-specific formula for α from [10] was used, in conjunction with the classic FPC. Such modification of α does give gains on top of classic FPC, but overall system performance with BMPC is still superior (23% cell - edge).
Table 3: System Simulation Results with Improved Fractional Power Control (IFPC)
	Lx-tile = Perc. Path Loss [dB]
	-115
	-119
	-123
	-127
	-132

	Cell Edge Spec. Eff. 

[bits / sec / Hz ] 
	0.17
[68% worse than BMPC]
	0.33
[38% worse than BMPC]
	0.41
[23% worse than BMPC]
	0.37
[30% worse than BMPC]
	0.30
[43% worse than BMPC]

	Cell Spec. Eff. 

[bits / sec / Hz ]
	0.91
[5% worse than BMPC]
	0.93
[3% worse than BMPC]
	0.94
[2% worse than BMPC]
	0.92
[4% worse than BMPC]
	0.85
[11% worse than BMPC]


5. Conclusion and Recommendations

Overall, the proposed BMPC provides superior cell – edge and cell – average throughputs, with little signaling overhead.  Thus, BMPC is recommended to be supported for EUTRA, for the open – loop inter – cell power control. 
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7. Appendix: System Simulation Assumptions

Table 1: System Simulation Assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal Grid; 19 NodeBs
Three Cells Per NodeB

	User Drop
	Uniformly Inside the Cell

	Minimum Distance Between UE and Tower
	35 m

	NodeB Antenna Bore Site 
	Towards Flat Side of the Cell

	Inter – Site Distance
	500 m

	Shadowing Standard Deviation
	8 dB


	Path Loss
	128.1 + 37.6log10(R) where R is in kilometers  

	Shadowing Standard Deviation
	8 dB

	Shadowing Correlation
	Between Cells 
	1.0

	
	Between NodeBs
	0.5

	Penetration Loss
	20 dB

	Antenna Pattern
	A = - min {12 (θ / θ3dB)2, 20dB}.

θ3dB = 70 degrees

	System Bandwidth
	2.5 MHz @ 2 GHz

	Numerology
	RB size
	24 Sub – Carriers 

	
	Number of RBs
	6

	Channel Model
	SCM – C 

	UE Velocity
	3kmh

	UE Power Class
	24dBm 

	Number of UE Antennas
	1

	Number of NodeB Antennas
	2

	Receiver Equalizer
	MMSE; Lookup BLER per [7]

	Channel Estimation Penalty
	1dB

	UE Antenna Gain
	0dBi

	NodeB Antenna Gain
	14dBi

	Number of UEs per NodeB/Cell
	18/6

	HARQ Type
	Chase Combining

	Maximum Number of Retransmissions
	5

	HARQ Retransmission Delay
	5 TTI

	Traffic Model
	Full Buffer

	Scheduler 
	Proportional Fair

	Scheduling Delay 
	1 TTI

	Uplink Power Control
	Slow with 40 TTI Period

	MCS Set
	QPSK: {1/5, 1/4, 1/3, 1/2, 5/8} 

	
	16QAM: {1/3, 1/2, 5/8, 3/4}
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