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1. Introduction

Uplink power control is an important E-UTRA function ‎[1]. With reasonable transmitter and receiver requirements uplink power control is needed to cope with the near-far effect ‎[5],‎[9], ‎[12]. The accuracy of this multi user intra-cell power control is rather relaxed and an open loop power control is a feasible alternative ‎[12]. The uplink power control principle further affects inter-system interference. For e.g. UTRA-E-UTRA co-existence, it is desirable that the E-UTRA power usage does not significantly exceed that of UTRA. There is also a radio network aspect of power control. Capacity and cell-edge bitrate improvement is possible by taking co-channel inter-cell interference into account. Different schemes have been suggested both cell autonomous ‎[7],‎[10],‎[11],‎[13] and explicit co-ordination ‎[6]

 REF _Ref143916355 \r \h 
‎[8]. The latter is closely related to inter-cell interference co-ordination. 

This paper discusses the power control principles and the functionality needed to be standardized to support them. Also some simple basic power control principles are studied by means of simulations.

Results indicate that a simple parameterized open loop power control algorithm similar to GSM/GPRS based on downlink pilot measurements will work well. Such algorithms are suggested to be specified as simple default solutions.

In addition to this default solution, to enable more advanced algorithms and their evolution, both control and data channels should also support explicit UE individual mobile power controlled by the network. This will enable continuous improved capacity and cell-edge bitrate without change of standard and also that E-UTRA will be efficient in different environments.

2. Simulated Power Control Algorithms
A set of simple power control principles are studied:

1) Fixed transmission power, the UE power is set to P = Pmax, where Pmax is the maximum UE power.

2) Fixed received power target as in ‎[12], P = min(Pmax, SNRtarget x Pnoise / go), where Pnoise is the noise power level, SNRtarget is a targeted received power level relative to the noise floor, and go is an estimate of the path gain to own base station. Two SNRtarget settings was simulated; 20dB as in ‎[12] and 8dB that was found giving the highest 5th percentile bitrate with 100% activity factor.

3) A maximum neighbor cell Rise over Thermal (RoT) similar to ‎[11],  P = min(RoTtarget x Pnoise / max(gn), where RoTtarget is the targeted maximum RoT and max(go) is an estimate of the path gain to closest neighbour cells base station. A  RoTtarget of 4dB is used since it resulted in the highest 5th percentile bitrate with 100% activity factor.

3. Models and Assumptions

A summary of models and assumptions is provided in Table 1. The models are aligned with the assumptions in ‎[2] cases 1. A simple static simulation-based evaluation methodology is used. In each iteration of the simulation, terminals are randomly positioned in the system area, and the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. To study different system load levels, terminals are randomly selected to be transmitting with an activity factor f ranging from 20 to 100%. In active cells transmitting users are selected independently of channel quality. The total number of active users for activity factor f is denoted U(f). Based on the channel realizations and the active interferers, a signal-to-interference and noise ratio (SINR) is calculated for each link and receive antenna. Using the mutual information model of ‎[3], the SINR values are then mapped to active radio link bitrates Ru, for each active user u. Note that Ru is the bitrate that user u gets when scheduled. Active base stations and users differ between iterations, and statistics are collected over a large number of iterations. For each activity factor, the served traffic per cell T(f) is calculated as the sum of the active radio link bitrates for the active users 

T(f) = (u=1U(f) Ru / Ncell.
 LISTNUM equ \l 4 
where Ncell is the number of cells in the system. This assumes that user are scheduled an equal amount of time. The mean and the 5th percentile of the active radio link bitrate are used as measures of average and cell-edge user quality respectively. Note that as the activity factor increases, individual user bitrates decrease because of increased interference and thereby decreased SINR. The served traffic however increases as the number of active users increases. 
Table 1. Models and Assumptions.

	Traffic Models

	User distribution
	Uniform

	Terminal speed
	0 km/h 

	Data generation
	On-off with activity factor 20, 40, 60, 80, 100%

	Radio Network Models

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM, Suburban macro

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Cell radius 
	167m  (500m inter-site distance)

	System Models 

	Spectrum allocation
	10MHz

	Max UE output power 
	250mW into antenna (no minimum power)

	Max antenna gain
	15dBi

	Modulation and coding schemes
	QPSK and 16QAM, turbo coding according to WCDMA Rel-6. 

	OFDM Parameters 
	According to 25.814 ‎[1]

	Overhead
	28% for reference signals and L1/L2 control channels (5 symbols per TTI for data)

	Receiver
	MMSE ‎[4] with 2-branch receive diversity, 


4. Numerical Results

The three power control principles described in section ‎2 has been simulated with two SNRtarget settings for algorithm 2. The resulting SNR distributions for the four cases are shown in Figure 1. 
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Figure 1 Effective SNR after antenna combining, 100% activity factor.
Algorithm 2 with an 8dB SNRtarget resulted in the best cell edge SNR. The 5th percentile is improved with approximately 9 dB compared to fixed power. This algorithm and setting is the best of the studied ones for dedicated constant rate type of channels, lacking link adaptation. Such an open loop received power target algorithm is a good solution for control channels. A closed loop quality target algorithm based on uplink received quality will probably be an even better solution adapting to interference. With 20dB SNRtarget the cell edge link quality is also improved but not as much since the interference reduction is smaller.

The noise limiting algorithm 3 reaches a slightly worse cell edge link quality than algorithm 2 with 8dB SNRtarget, around 2 dB lower 5th percentile,. On the other hand the 50th best percentile is significantly higher enabling higher link bitrates with link adaptation as shown in Figure 2.
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Figure 2 Active radio link bitrate, 100% activity factor.

The 8dB SNRtarget degrades the peak bitrate significantly. With 20dB SNRtarget the peak bitrate amount is reduced.  An 8dB SNRtarget is not a good solution for a data channel with link adaptation. It also decreases the capacity as shown in Figure 3.
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Figure 3 Radio link bitrate vs served traffic, 20-100% activity factor.

Only targeting cell-edge bitrate, ignoring peak and average bitrate, the 8dB SNRtarget is still best up to a certain load. The RoT limiting algorithm also has good cell edge performance and is significantly better in average than the 8dB SNRtarget. The same applies to higher SNRtarget enabling a trade-off between cell-edge bitrate and mean bitrate. At this stage it is not clear that RoT-limiting algorithm is significantly better than the simpler SNRtarget based algorithm, and hence that the extra complexity is motivated.

5. Summary and Discussion

The results in section ‎4 show that there are simple open loop solutions that can work well. Such solutions require minimum downlink control, only broadcast of parameters. Although many different power control schemes may be realized with a parameter-based open loop scheme, the results also indicate that there probably is no single power control algorithm optimal for all channels, services and deployment scenarios, and that using relations to neighbor cells can give gain. There are many trade-off aspects for uplink power control. Also, open loop solutions will be degraded by measurement and estimation errors. Taking all this into account the network should also have the possibility to explicitly control uplink power. This will enable closed-loop solutions based on received quality enabling lower power usage ‎[7],‎[10],‎[11],‎[12]. This will also enable multi-cell power control solutions ‎[6] and inter-cell interference co-ordination operating on power levels. Finally it enables continuous evolution without a change of standard.

Power control of user data channel is closely related to scheduling and link adaptation. Therefore, the power control should not control the output power as such, but rather the power spectral density. If the scheduled bandwidth for a UE is doubled, also the output power is doubled (assuming all other parameters unchanged). Also, if the UE is scheduled with a higher order modulation, the output power should also increase. One possibility to achieve this is to let the power control mechanism set the power spectral density for a reference transport format. The actual power of the UE when transmitting data is obtained from the reference by scaling with the scheduled bandwidth and a power offset for each transport format. More specifically, similar to GPRS ‎[14], a reference power density Pref  [dBm per resource block] may be set as:


Pref = min((ref - (*C, PMAX)
 LISTNUM equ \l 4 
where C is an estimate of the received downlink power on some well defined channel, PMAX is a maximum power density, and ( is a compensation factor, determining to what extent the path loss should be compensated for.

The power density for the data channel is set to the reference plus a (transport-format specific) offset


PTCH  = Pref + (TCH 
 LISTNUM equ \l 4 
The power density for control channels is set in a similar way.

In the default open-loop case, the parameters (ref , (CCH n,  (TCH, and ( are either broadcast or predefined default values are used. In the closed-loop case, these parameters may be individually controlled by the serving Node B, e.g. through RRC signaling or through faster L1/L2 control signaling. 

6. Conclusion

The following is proposed

· The power control mechanism controls the power spectral density

· A parameterized open loop mechanism is the default solution 

· The Node B shall have the possibility to explicitly control individual UE power

· for example by adjusting the parameters in the open loop mechanism

The motivation for this, as discussed in Section 5, is that open-loop principles work well and yields low overhead, whereas closed-loop principles enables control of ‘misbehaving UEs’ (e.g. with systematic measurement errors) and allows for further optimization. 

7. References

[1] TR 25.814, “Physical Layer Aspects for Evolved UTRA “, V7.0.0.

[2] R1-061107, “E-UTRA physical layer framework for evaluation”, Vodafone et al.

[3] K. Brueninghaus et al., “Link Performance Models for System Level Simulations of Broadband Radio Access Systems”, in proceedings of IEEE PIMRC 2005.

[4] J. H. Winters, “Optimum Combining in Digital Mobile Radio with Cochannel Interference”, in IEEE Journal on Selected Areas in Communications, Vol. SAC-2, No. 4, July 1984.

[5] R1-061668, “Fast Transmission Power Control in E-UTRA”, NTT DoCoMo

[6] R1-061716, “UL Power Control”, Motorola

[7] R1-061754, “Evaluation of Slow Power Control Techniques on the System Performance of Uplink SC-FDMA”, Freescale Semiconductors

[8] R1-061796, “Analysis of Inter-Cell Power Control for Interference Management in E-UTRA UL, Qualcomm

[9] R1-061797, “Analysis of Intra-Cell Power Control for E-UTRA UL”, Qualcomm

[10] R1-061809, “Enhancing the Uplink Cell Edge Throughput via Target SINR Adaptation”, Texas Instruments

[11] R1-061810, “A Method for Uplink Open Loop Power Control Based on Signal Strength Measurements from Multiple Cells/Sectors”, Texas Instruments
[12] R1-061873, “Uplink Power Control for E-UTRA”, Ericsson

[13] R1-061906, “Uplink Power Control”, Nokia

[14] TS 45.008, “GSM/EDGE, Radio Access Network; Radio subsystem link control (Release 7)”, V7.4.0 
