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1   Introduction 

Several contributions [2,3,4] have shown that in the absence of gain/interference uncertainties, open loop schemes may outperform closed loop scheme due to the ability of the open loop schemes to track fast fading channels. In addition, [4] has showed that the performance gain of the weighted open loop scheme, compared to the unweighted open loop scheme, increases with the delay between the uplink time slot and the most recent downlink slot. On the other hand, the results of [3,5] indicate that the performance of open loop schemes might be severely degraded due to the uncertainties (such as uncertainties in the uplink/downlink gains and interference level). In this paper we propose a Transmitter Power Control (TPC) scheme, called here “combined outer loop/weighted open loop power control. The proposed scheme maintains the advantages of open loop power control, while overcoming the impact of uncertainties. The scheme described in this paper is the basis for the text proposal for TDD power control [6].  

2  Combined Outer loop/Weighted Open loop Power Control Schemes

The proposed scheme combine the following schemes:

Outer Loop Power Control

Outer loop power control shall be based on CRC detection as in FDD. When the base station receives a frame that includes an error correction code (CRC), the base station will use higher layer signaling to update the reference SIR at the UE. If CRC result is not OK, the reference SIR shall be raised by SIRINC dB. If CRC result is OK, the reference SIR shall be reduced by SIRDEC dB. SIRINC is 0.5 dB (tentative), and SIRDEC is derived from the following equation :

        SIRDEC = SIRINC( FERTARGET /(1- FERTARGET )                   (1)      

where FERTARGET is the target frame error rate
UL Open Loop Power Control
The transmitter power of UE shall be calculated by the following equation:

PUE = (LCCPCH+(1-()L0 + IBTS + SIRTARGET+ Constant value            (2)
Where, 
PUE : transmitter power level in dBm,

LCCPCH: measured path loss in dB (transmit power is broadcasted on BCH).

L0: Long term average of path loss in dB

IBTS: interference signal power level at cell’s receiver in dBm, which is broadcasted on BCH

(: a weighting parameter which represents the quality of path loss measurements. ( may be a   function of the time delay between the uplink time slot and the most recent down link time slot.

SIRTARGET: Target SNR in dB. A higher layer outer loop adjusts the target SIR.

Constant value: This value shall be set via Layer 3 message (operator matter).

SIRTARGET   in equation (2) shall be updated according to equation (1).

3   Performance of Open Loop Schemes with/without Outer Loop

We consider the same simulation model and assumptions as in [1,4]. The following simulation parameters are assumed:

Simulation Conditions

· 16 CRC bits are padded every 4 frames:  it is assumed that a frame errors occurs when there are at least two raw bit errors over every 4 frames. It is also assumed that the considered traffic channel is assigned one time slot per frame 
· Target FER: 10%

· Reference SIRTARGET  update rate: every 4 frames

· 
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· ( = 1-(D-1)/6: D is the delay, expressed in number of slots, between the uplink slot and the most recent downlink slot. Note that (=1 for a delay of one slot (minimal delay), and (=0 for a delay of 7 slots (maximal delay) 

· Channel: ITU Pedestrian B type

· Mobile speed: 30 km/h 

· 2 antenna diversity at BS: each having 3 fingers RAKE receiver

· Realistic channel estimation and SIR estimation: based on the midamble sequence of burst type 1 field in the presence of AWGN
Simulation Results

Figures 1 compares the performance of the proposed combined outer loop/weighted open loop scheme to the performance of closed loop power control scheme and weighted open loop power control. The performance is expressed in terms of the required Es/No for frame error rate (FER) of 10-1 as a function of  time delay  between the uplink time slot and the most recent down-link slot. The delay is expressed by the number of time slots. Es is the energy of the complex symbol. Figures 1 demonstrates that, when gain/interference uncertainties are ignored, the performance of the combined scheme is almost identical to that of weighted open loop only scheme. For 30 km/h and no uncertainty, the combined scheme and weighted open loop scheme outperform the closed loop only for all delays. 

As indicated in [3], in the presence of gain and interference uncertainties, these uncertainties may cause the transmitted power of open loop only scheme to be too high or too low than the nominal value. In Figure 2 we assume a gain uncertainty of –2 dB. Figure 2 shows the FER as a function of the delay, for the case where the initial reference SIRTARGET  value for each scheme was set to its corresponding nominal value obtained from the Figure 1, in order to achieve FER of 10-1.  Figure 2 shows that, in presence of gain uncertainties, both combined outer loop/weighted open loop scheme and closed loop scheme achieve the desired FER, while the performance of open loop only scheme is severely degraded.
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Figure1: Required Es/N0 for FER=0.1 as a Function of Uplink/Downlink delay. V=30 km/h.

Figure 2: FER vs. delay when initial SNRTARGET  associated with each scheme is set to its corresponding nominal value obtained from the Figure 1. Gain uncertainty = -2 dB, V=30 km/y. 

4
Conclusions

· The proposed combined outer loop/weighted open loop scheme outperforms the closed loop scheme.

· The combined outer loop /open loop scheme is robust with respect to gain and interference uncertainties.
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		FER, GU= -2 dB,  Int_size=10 frames		Delay, 1		4		7

		Open loop		0.02		0.63		0.86

		Outer+open loop		0.17		0.22		0.28

		Average TR pwr (dB)

		Open loop		6.93		6.96		6.95

		Outer+open loop		6.62		8.12		9.42

		Average target SNR (dB)

		Open loop		10		10		10

		Outer+open loop		9.69		11.14		12.48

		Average measured SNR (dB)

		Open loop		8.08		8.77		9.47

		Outer+open loop		7.78		9.94		11.96

		FER, GU= 2 dB, Int_size=10 frames		Delay, 1		4		7

		Open loop		0		0.01		0.09

		Outer+open loop		0.04		0.09		0.14

		Average TR pwr (dB)

		Open loop		10.95		10.94		10.9

		Outer+open loop		8.6		9.2		10.22

		Average target SNR (dB)

		Open loop		10		10		10

		Outer+open loop		7.65		8.25		9.28

		Average measured SNR (dB)

		Open loop		12.1		12.76		13.4

		Outer+open loop		9.75		10.99		12.75

		FER, GU= -4 dB, Int_size=10 frames		Delay, 1		4		7

		Open loop		1		1		0.99

		Outer+open loop		0.12		0.14		0.145

		Average TR pwr (dB)

		Open loop		4.91		4.88		4.86

		Outer+open loop		6.85		8.7		10.38

		Average target SNR (dB)

		Open loop		10		10		10

		Outer+open loop		11.9		13.8		15.48

		Average measured SNR (dB)

		Open loop		6.13		6.7		7.39

		Outer+open loop		8.028		10.54		12.9

		FER, GU= -4 dB, Int_size=2 frames, v=30		Delay, 1		3		5		7

		Open loop		0.9521		0.8638		0.8108		0.8092

		Outer+open loop		0.1025		0.1025		0.1038		0.1042

		Average TR pwr (dB)

		Open loop		4.8772		4.8828		4.8683		4.8809

		Outer+open loop		7.5582		8.889		10.345		11.31

		Average target SNR (dB)

		Open loop		10		10		10		10

		Outer+open loop		12.673		13.99		15.45		16.41

		Average measured SNR (dB)

		Open loop		6.125		6.478		6.945		7.408

		Outer+open loop		8.794		10.49		12.44		13.85

		FER, GU= 0 dB, Int_size=4 frames, v=30		Delay, 1		3		5		7

		Open loop		0		0.075		0.2392		0.37

		Outer+open loop		0.0975		0.0992		0.1017		0.103

		Average TR pwr (dB)

		Open loop		8.8663		8.88		8.86		8.87

		Outer+open loop		7.34		8.775		10.07		11.35

		Average target SNR (dB)

		Open loop		10		10		10		10

		Outer+open loop		8.47		9.88		11.19		12.45

		Average measured SNR (dB)

		Open loop		10.11		10.45		10.947		11.4

		Outer+open loop		8.58		10.34		12.16		13.88

		FER, GU= -8 dB, Int_size=4 frames, v=30		Delay, 1		3		5		7

		Open loop		1		1		1

		Outer+open loop		0.1092		0.112		0.113		0.115

		Average TR pwr (dB)

		Open loop		0.894		0.879		0.872		0.9

		Outer+open loop		7.34		8.79		10.16		11.29

		Average target SNR (dB)

		Open loop		10		10		10		10

		Outer+open loop		16.45		17.9		19.29		20.4

		Average measured SNR (dB)

		Open loop		2.12		2.46		2.936		3.42

		Outer+open loop		8.57		10.37		12.23		13.8

		FER, GU= -8 dB, Int_size=4 frames, v=3		Delay, 1		3		5		7

		Open loop		1		1		1		1

		Outer+open loop		0.11		0.109		0.1092		0.11

		Average TR pwr (dB)

		Open loop		0.904		0.915		0.898		0.89

		Outer+open loop		7.09		7.04		7.11		7.22

		Average target SNR (dB)

		Open loop		10		10		10		10

		Outer+open loop		16.17		16.12		16.21		16.33

		Average measured SNR (dB)

		Open loop		2.05		2.07		2.075		2.082

		Outer+open loop		8.24		8.2		8.3		8.42

		FER, GU= 8 dB, Int_size=8 frames, v=3		Delay, 1		3		5		7

		Open loop		0		0		0		0

		Outer+open loop		0.07		0.07		0.72		0.07

		Average TR pwr (dB)

		Open loop		16.92		16.9		16.9		16.91

		Outer+open loop		9.665		9.66		9.65		9.72

		Average target SNR (dB)

		Open loop		10		10		10		10

		Outer+open loop		2.76		2.76		2.77		2.82

		Average measured SNR (dB)

		Open loop		18.06		18.05		18.06		18.08

		Outer+open loop		10.833		10.824		10.85		10.92

		Required reference SNR (dB) to achieve FER=0.1		1		4		7

		Closed loop		14.5		14.3		14.5

		Open loop		10.3		13.3		14.05

		Outer+open loop		10.45		13.4		14.2

		FER when GU=-2 dB and initial reference SNR is set to above		1		4		7

		Closed loop		0.105		0.09		0.1

		Open loop		0.8		0.325		0.32

		Outer+open loop		0.12		0.11		0.115
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