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Abstract

We consider the signal-to-interference-plus-noise ratios (SINRs) of multiple code-channels for the Uplink closed-loop power control during the multi-code transmission. It is thought that the current concept of primarily using the DPCCH for power measurement may not be as effective as desired for the power control of the DPDCH. We propose three approaches for the power control of the Uplink DPDCH either for single code or multi-code transmission with minimal changes in the current specifications.

I. Introduction

For the closed-loop power control in the UTRA/FDD system presently documented in S1.14 version 1.1.0 [1], the serving cell estimates the Uplink SINR using the DPCCH and compares it with a predetermined target value, and then, the UE adjusts its transmit power of both DPDCH and DPCCH with a predetermined step size. In the ARIB original specification [2] system, the same method is applied except the fact that SINR measurement can be optionally performed using the DPDCH in addition to DPCCH. Currently, this method seems to be further extended for multi-code transmission on the same Layer 1 connection. Note that each DPDCH in the multi-code operation may be of a different data rate and require its own quality of service (QoS). 

In some multipath propagation environments, the power control commands generated from the DPCCH might not effectively compensate the SINR variation for the DPDCH(s) if the data rates of the dedicated physical channels are not the same. In this contribution, we analyze the variation of the SINR for multi-code channels and illustrate the performance of Uplink power control for the DPDCHs with power control bits from a low rate channel such as DPCCH.

II. Multi-code Transmission

II-1. Signal-to-Interference and Noise Ratio (SINR)

When the transmitted signal is formed by multiplexing multiple orthogonal, code-channels, all the code-channels go through the same radio channel and thus, all the code-channels experience the same fading caused by mobility and multipath, at the receiver front-end. But, when the code-channels are demodulated, the residual interference seen by each code-channel can be different largely due to loss of orthogonality caused by multipath and the processing gain and transmitted power of the code-channel. Thus, the variation of each code-channel's signal-to-interference-noise ratio (SINR) can be different. To justify this argument, consider the following.

Consider an MS transmitting multiple code-channels on a single carrier. Let M be the number of code-channels of an MS, N the total number of MSs in the cell, and 
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, the index set of all channels within the cell. For 
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, denote the link gain of the path between the n-th MS and the BS by 
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 is independent of m as the link gain is the same for all code-channels of an MS. Denote the amount of transmitted power for the m-th channel of the n-th MS by 
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 is assumed to be fixed during the power control process. Since the total power, 
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, available for the n-th MS is limited, the sum of it’s allocated total power, 
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The BS measures the received signal’s SINR and compares it with a preset threshold value. Due to the noise-like nature of spread-spectrum signals, we assume that the SINR measurement is performed after despreading is performed. 

The BS receiver for the m-th code-channel of the n-th MS receives a fraction of 
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 and some amount of power due to the other code-channels in the MS as, in real radio environments, there is some residual interference even though the transmit orthogonality between code-channels is well preserved. Also, there is interference from other MSs of the cell as well as neighboring cells. Thus, in general, the received 
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 for the m-th channel of the n-th MS can be lower bounded by 
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where 
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 is the information bit rate, K is a constant for loss of orthogonality, and W is the signal bandwidth. 
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 is the spread spectrum processing gain and defined as 
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 denoting the terms in parenthesis is the total interference power seen by the m-th code-channel, 
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 is the residual interference power after despreading, and 
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 is other interference sources such as intercell interference and thermal noise. The first term in the denominator of (2) is the intracell interference due to other MSs in the cell and the third term is the interference from the other channels of the same MS. While the first term in parenthesis can be the same for all channels of the n-th MS, the third term can be different for each code-channel since each code-channel carries data of a different rate and at a different signal power level. The changes 
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 due to fading can be regarded as the changes in 
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. With a simplification related to the fact that the intracell interference term is the same for all code-channels of an MS, we can relate the change of 
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If the derivative is taken, then we can see that for a given 
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 unless K is a value of zero. Therefore, any power control algorithm using just one command with a common step size for all code-channels may not simultaneously follow and compensate the changes in SINRs of all code-channels unless the data rates and transmit power levels are the same. It might be necessary to use an independent power control command for each code-channel while a predefined step size can be commonly used for all channels.

II-2. Simulation Results

Figures 1 through 4 illustrate Rx SINR variations resulting from the closed-loop power control on three orthogonal multi-code channels. Data rates of 9.6 Kbps, 460.8 Kbps, and 9.6 Kbps are used for code-channels 1 through 3, respectively. The radio propagation environment is assumed to be the ITU Outdoor-to-indoor and pedestrian A with a mobile speed of 3 Km/hr. The carrier frequency is 2 GHz. The power control speed is 800 updates per second and the step size is 0.5 dB. 

Figures 1 and 2 show the SINR variation of a high rate channel (i.e., Channel 2) when its power control bits are generated from a low rate channel (Channel 3). That is, SINR estimates are obtained from Channel 3 and compared with the target value of Channel 3, and the Channel 2’s Tx power is adjusted based on the command from the power control bits of Channel 3. As one can see, the Channel 2 SINR values have large fluctuation from the target value. It should be noted that the SINR values of Channel 2 have large fluctuation regardless of its target values, e.g., 2 dB and 8 dB.
In contrast, Figures 3 and 4 show the SINR values of the same channel (i.e., Channel 2) but in these cases the power control commands are generated from estimating Channel 2’s SINRs and comparing them with the Channels 2’s target value. Note that the SINR variation of Channel 2 is smaller when Tx power is higher as the higher Tx power and thus higher Rx SINR leads to more accurate SINR estimation.
The simulation results show that setting the power control command of a high rate channel based on the power control command of a lower rate channel is not optimum. The simulated case is representative of the situation encountered in UTRA when the DPDCH is at a higher rate than the DPCCH, on which the power control is based on. It is also representative of a situation in which we would have multiple codes for the DPDCH, whether the two codes are equivalent in terms of bit rate and target quality. The problem might even be more critical when the two DPDCHs have very different rate or target SINR.
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Figure 1 : Instantaneous SINRs of a High Rate channel (460.8 Kbps) – PC bits from a low rate channel; target value (8 dB) greater than the low rate channel’s.

[image: image34.wmf]Title:

pc3_SCH460_2dB.ps

Creator:

MATLAB, The Mathworks, Inc.

Preview:

This EPS picture was not saved

with a preview included in it.

Comment:

This EPS picture will print to a

PostScript printer, but not to

other types of printers.


Figure 2 : Instantaneous SINRs of a High Rate channel (460.8 Kbps) – PC bits from a low rate channel; target value (2 dB) same as the low rate channel’s.
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Figure 3 : Instantaneous SINRs of a High Rate channel (460.8 Kbps)–PC bits from the high rate channel; target SINR = 8 dB
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: Instantaneous SINRs of a High Rate channel (460.8 Kbps)–PC bits from the high rate channel; target SINR = 2 dB

III. Proposed Approaches

III-1. Description of the approaches

In order to improve the performance of closed-loop power control while minimizing the changes in the system specifications, the following approaches are proposed.

1) For a single code case (one DPCCH and one DPDCH) 

a) For the DPCCH and DPDCH in the normal transmission mode, generate power control commands from the code-channel to be power-controlled; that is, for the power control of the DPDCH, measure/estimate the SINR of DPDCH and compare it with the threshold value of the DPDCH. The DPCCH may be used for the measurement in addition to the DPDCH.

2) For a multi-code case (one DPCCH and multiple DPDCHs)

a) In the multi-code transmission mode, and if all simultaneously transmitted DPDCHs carry the same data rate,one common power control command is used to simultaneously control the transmit power of the DPDCHs. In such a case the power command relies as for 1.a on the DPDCHs 

b) In the multi-code transmission mode for various data rates, use a few multiple power control commands for the Uplink and specify the corresponding minimum data rate in order for the Downlink channel to be able to handle the multiple power control commands. This might be accommodated by an increase of the number of TPC bits properly on the downlink channel. All DPDCHs are properly grouped so that all DPDCHs in the same group carry the same data rate. This principle may also be applied for the single code case or the multi-code case with all DPDCHs having a similar rate. This would lead to a PC command on the DPCCH on one side and one on the DPDCH on the other side. 

III-2. Impact on the standard

In terms of impact  on the standard cases 1.a and 1.b are minor. In fact the downlink power control algorithm should not be standardised. Only some minimum performance requirements may be imposed.1.a and 2.a would lead to a modification of the measurement process, which should be left out of the specification or only included as an example. Whatever the power control command sent by the BS is based on, the behaviour of the UE is remains unchanged with respect the existing S1.14.  

Approach 2b has more impact on the standard since multiple TPC command are sent. This is accommodated by increasing the number of TPC bits. This might not be possible in all cases, in particular for low rate channels, since it impacts the DPCCH structure for the downlink, which is presently discussed by ad-hoc 7.

III-3. Points to be further studied

It is understood that one of the benefit of relying on the DPCCH is that there is no adverse effect in DTX and variable rate effect when relying on the DPCCH rather than the DPDCH. The approaches described before needs to be further elaborated to appropriately address the DTX and variable rate. 

IV. Conclusions

An analytical expression for the SINR of a code-channel in the multiple code-channel transmission was provided to show that the variation rates of SINRs may not be the same for a given radio channel variation. Instantaneous Rx SINR values after demodulation were presented to illustrate the effect of the closed-loop power control on multi-code channels, especially, when the power control commands were generated from another channel. The presently documented scheme for the power control in the uplink of UTRA may therefore not be optimum. 

This contribution lists possible alternatives, which impact on the standard varies. We are planning to elaborate further these enhancements and provide some comparative results with the presently document scheme. We would like the ad-hoc 9 members and 3GPP RAN WG1 to provide  their comments on the identified loss of optimality of the presently documented Power control scheme for the uplink and on the listed alternatives. 
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