3GPP TSG RAN WG1#48bis
R1-071694
St. Julians, Malta, March 26 - 30, 2007

Source: 
Siemens, Nokia
Title:
Uplink Power Control 
Agenda item:
7.6 UL/DL Power Control
Document for:
Discussion 

1 Introduction

Different uplink power control schemes were discussed during the last 3GPP RAN WG1 meetings with the conclusion to utilize a closed-loop power control around a set-point obtained by open loop periodic or a‑periodic updates for LTE. Still it is for further study whether to apply layer 1 or layer 2 signalling for the closed loop power control signalling. Therefore an overhead analysis was part of the email discussion prior to this meeting.
In this paper the performance of such an agreed PC scheme is further investigated, accuracy requirements are checked and the needed control signalling is discussed. Our assumption is that an a‑periodic closed loop compensation procedure is used (UE specific point to point signalling e.g. by using a specific UL grant or DL assignment message) in parallel to signaling (point to multipoint) of the other cell interference information to UEs.
2 Power Control Operation
Fractional  path loss compensation is done as described in [3]:
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where PUE is the power of the UE, N is the noise power, IoT is the interference over thermal level, SINRtarget is the targeted receive power level to the noise plus interference power level and g is an estimate of the path loss (including shadowing and beam pattern) measured at the UE. 
For the control signalling like ACK/NACK and CQI transmission as well as for the sounding signals full path‑loss compensation is applied (α=1). In addition to adjust the control signalling target error performance offsets for ACK and NACK, and CQI transmission as well as for sounding signals are to be considered. For the data transmission fractional path‑loss compensation is advantageous and used to fine‑tune the performance (α=0.8). 

Based on the UE path loss measurement, calibration offset and further network controlled parameters, the PSD at the UE is set according to a standardized rule.
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Figure 1: Principle of PC operation
Figure 1 shows the principle of PC operation. For the power setting of PUSCH and PUCCH the DL path‑loss including shadowing and antenna pattern is estimated and to remove the influence of fast fading a filter is used. Similar as during the initial synchronization procedure where the frequency offset between the Node B and the UE is calibrated, the power offset between Node B and UE is adjusted entirely by using a closed loop procedure. 
The calibration drift of the power amplifier in the UE e.g. due to temperature is slow. Therefore the adaptation needs not to be faster than timing advance updates (1..2 Hz). To avoid the overhead of in‑band signalling especially if no DL data is transmitted, our preferred option is to use the UL grant or the DL assignment signalling. All UEs which transmit UL data or UL sounding RS and which can receive scheduling commands can be calibrated by the closed loop component. 
3 Interference Signalling
When the UE has both UL data and DL ACK/NACK or CQI signals the control information and data are multiplexed prior to the DFT operation and the transmission is done in the scheduled region. However in case the UE has no uplink data to transmit and there is only UL control signalling, intra-sub-frame frequency hopping is done. The exclusively assigned narrowband time-frequency region as depicted in Figure 2 is used to achieve frequency diversity.
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Figure 2: Physical UL control channel
From these two cases consequently the interference experienced from other sectors/cells at the Node B for the control information differs significantly if UL data is available or not. Therefore and to ensure a proper operation especially of the UL ACK/NACK transmission a means to broadcast interference information from the Node B in the DL is proposed. The interference information can be measured at Node B and transmitted to the UEs on a specific downlink common control channel. Note that if grouping is employed the interference variations can be reduced and consequently the update rate for the signalling can be reduced as well [6]. 

.
4 Simulation Assumptions
A summary of the simulation assumptions is given in Table 1. For the evaluation a dynamic simulation methodology is used. 
	Traffic Model

	User distribution
	Uniform

	Data generation
	Full Buffer

	Radio Network Model

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

	Shadow fading
	Log-normal, 8dB standard deviation

	Fast fading
	Single path Rayleigh fading / Vehicular A

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

	Inter site distance
	1732 m 

	Penetration loss
	Not applied

	System Models

	Spectrum allocation
	180 kHz (chunk wise allocation) and 10MHz (full bandwidth allocation)

	Maximum UE output power 
	250mW

	Max antenna gain
	15dBi

	Scheduling
	Random selection of UEs, Round Robin

	Power Control Model
	

	Fractional Compensation
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	Error Model
	

	Lognormal Distribution
	Standard deviation 0,3 and 6 dB


Table 1: Simulation assumptions
5 SINR Distribution 
Figure 3 shows the resulting SINR distribution at the Node B for the 180 kHz and 10 MHz case. In each simulation run, the terminals are randomly positioned and moved randomly while the radio channel between UEs and Node Bs is recorded taking path loss, shadowing and fast fading into account. It is further assumed that the intra cell performance is ideal (frequency errors are neglected and the cyclic prefix is assumed to completely absorb timing uncertainties and channel taps).
	180 kHz Case
	10 MHz Case
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Figure 3: SINR distribution at the Node B 
Summarizing it can be seen, that a 3 dB power control error does not yet affect the performance seriously.  However when the error is as big as 6 dB then the gain over no power control in the low SINR region becomes insignificant. That means that PC becomes somewhat pointless for such a large error. Consequently we conclude that an accuracy of about 3 dB is desirable and investigate possible estimation errors in the following.
6 DL Power Measurement
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Figure 4: Path‑loss and DL  power variation at UE, v=120 km/h
Figure 4 shows an example of the DL power variation at a UE moving with 120 km/h. The green curve is the channel variation due to shadowing and the red curve is the variation due to the superposition of fast fading on top of shadowing. 
Using a filter the UE estimates the path-loss. In Table 2 the standard deviation of the error related to the averaging filter operation is shown. It can be seen that the achievable measurement error is in the desired range.
	
	Averaging filter window length

	Velocity [km/s]
	100 ms
	500 ms
	1000 ms

	3
	3.6 dB
	1.8 dB
	1.4 dB

	30
	1.7 dB
	1.4 dB
	2.2 dB

	120
	1.2 dB
	3.8 dB
	6.9 dB


Table 2: DL path‑loss estimation error (Standard Deviation)
7 Conclusions

In this paper the performance of a closed loop power control around a set-point obtained by an open loop mechanism is investigated. Regarding the signalling our conclusion for the LTE uplink is that an a‑periodic closed loop power offset compensation procedure shall be deployed in parallel to signalling of interference information needed at UE. The interference information can be measured at Node B and transmitted to the UEs on a specific downlink common control channel. The calibration offset (even if somewhat outdated) and the interference information should also be considered for the RACH power procedure. 
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