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1. Introduction

This paper discusses the requirements related to the transmission power control (TPC) for the E-UTRA Uplink (UL). The considered topics include transmission power dynamic range, quantization of the PC commands and PC signalling issues. We consider slow transmission power control scheme that compensates a fraction of the path loss and shadowing [1]. We consider UL TPC that is fully controlled by the Node-B. 

2. Power Control Dynamic Range

This section studies the dynamic range requirements for UL transmission power control. The question is that how much we need dynamics for the slow PC? Figure 1 shows the simulation setup. The performance degradation caused by the limited PC dynamic range is studied by means of SINR (signal-to-interference and noise) distributions. Two different environments are considered, coverage limited Case 3 and interference limited Case 2 [2]. The system parameters are according to Table A.2.1.1-3 of [2]. Simulations assume radio block size of 375 kHz, frequency reuse of 1/1 and full load.  We also assume perfect of orthogonality between the intra-cell users. We consider slow transmission power control scheme that compensates a fraction of the path loss and shadowing. The worst case from the PC control dynamic range point of view is the case where the PC target is set to be so low that all the terminals can meet the requirement. In a more realistic operating point the PC compensates a fraction of the path loss and shadowing. In this paper the PC operating point is selected to be such that 90% of the users can meet the PC target and are limiting their Tx power. 
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Figure 1. Simulation scenario for studying the impact of PC dynamic range.

SINR distributions with limited PC dynamic range are shown in Figure 2 (Case 3) and Figure 3 (Case 2). Results show that limiting the PC dynamic range causes some over-shoot for the upper part of the SINR-distribution since the smallest transmission power values are cut down. We can note that some degradation takes place with dynamic range of 30 dB. We can also see that 50 dB dynamic range provides unchanged SINR distribution compared with the ideal one. It should be noted that in SC-FDMA system it is also possible to extend the used bandwidth if the transmission power density for a given bandwidth becomes too high. 
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Figure 2. SINR distribution, Case 3, limited PC dynamic range.
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Figure 3. SINR distribution, Case 2, limited PC dynamic range.

3. Quantization of UL TPC commands

This section investigates what is the required quantization granularity for UL PC commands. The question relates to the DL signalling: how much DL resources are needed to run the slow UL TPC? Figure 4 shows the simulated scenario. The simulation assumptions are the same as in the previous section.
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Figure 4. Simulation scenario for studying the impact of PC quantization step.

SINR distributions with limited quantization granularity are shown in Figure 5 (Case 3) and Figure 6 (Case 2). Results show that large quantization step degrades the average SINR. We can note that 1 dB quantization step provides almost ideal SINR distribution whereas quantization step larger than 3 dB starts to cause significant degradation.
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Figure 5. SINR distribution, Case 3, limited PC quantization granularity.
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Figure 6. SINR distribution, Case 2, limited PC quantization granularity. 

4. Accuracy of Power Control

This chapter studies the accuracy of Node B controlled UL PC. The power control accuracy depends on the feedback signaling rate and volume, measurement error and fading characteristics. The parameters and simulation setup is given in Table 1.

Table 1. Simulation parameters
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Simulation results with UE speeds of 3 km/h and 120 km/h are shown in Figure 7 and Figure 8. The fast fading is not included in the metric of power control error in order to reflect the performance of slow power control targeting to compensate just distance depend path loss and shadowing. 
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Figure 7. CCDF of power control error, v=3 km/h.
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Figure 8. CCDF of power control error, v=120 km/h.
Results of  Figure 7 and Figure 8 show that slower PC rates works better with 3 km/h because of the better averaging capability against error components due to the fast fading and estimation errors. With UE speed of 120 km/h the best performance is obtained with the highest updating rate. Results show that the PC updating rate should be faster than 20 Hz in order to guarantee the tracking capability in also in the Vehicular environment.  We note that in Pedestrian speeds the performance of higher PC updating rates could be improved by increasing the averaging length of the SNR measurement

5. Discussion

We consider that the UE transmission power is fully controlled by the Node-B. In the Random Access phase, the UE derives its initial transmission power according to the path loss measurement from the downlink pilot channel. Slow TPC is used with Uplink Shared Channels. When considering slow PC it should be able to compensate the variations of path loss and shadowing. Section 2 showed that 40-60 dB dynamic range is needed for power control of LTE UL. Correspondingly, 2-3 dB quantization granularity is needed for signalling of the UL TPC commands (Section 3). These values show that signalling the absolute transmission power value for terminal requires only 4-5 uncoded bits. Results of Section 4 showed that the signalling rate of power control command should be faster than 20 Hz for guarantee the tracking capability in Vehicular speeds.  Results of Chapter 2 – Chapter 4 indicate that UL TPC based on absolute or multi-step relative PC commands signalled via DL is feasible for LTE system. 

However, as intra cell orthogonality was assumed in section 2 and only macro cell deployment was studied further analysis including intra cell interference, other deployment scenarios and co-existence analysis with other systems is needed to conclude on the dynamic range required in the LTE system.

Absolute or multi-step relative PC signalling are  reasonable approaches for LTE UL since those provide better resistance against abrupt variations of the shadow fading than single step relative PC signalling. However, it is good to note that the actual PC scheme, which utilises the reference signal measurement as well, is relative although the signalling is absolute. Furthermore having absolute PC commands the Node B would have relatively accurate knowledge of the UE TX power close to the UE maximum output power without a need for separate output power reporting, which may be beneficial e.g., when measuring the CQI in case of scheduled access. In order to ensure good power control and scheduler performance it is also important that the relative UE output accuracy requirements would be comparable to the ones of UTRA.
Regarding uplink intercell power control we think that that static inter-cell interference coordination/avoidance methods should be preferred (apply restrictions or preferences to uplink scheduling). When UE is only transmitting control signaling (and same frequency band is used for control signaling in different cells) we propose to use CDMA [3] and have (similar as in data transmission) restrictions/preferencies for resource allocation.
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