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1 Introduction

The current TDD specifications utilize closed loop power control for controlling the downlink transmitted power. The main purpose of TDD DL power control is to optimize the used energy in the downlink to maintain the desired QoS. The downlink power control is composed of inner and outer loops. The focus in this paper is on inner loop techniques.

In this discussion paper an improved DL inner loop power control schemes will be introduced based on UE measured SIR difference. In this method the UE signals the TPC bit pattern based on the observed DL SIR difference to UTRAN. The UTRAN then changes the DL power based on the received TPC command from the UE. 

In this document, the performance of this scheme is compared in typical simulation environment in presence of errors. 

The following are the observed advantages of the proposed SIR difference based power control scheme 

· Increase in system capacity over the existing TPC scheme

· Larger immunity to TPC errors

It is proposed that the SIR based power control method is adopted since it provides noticeable gain in the system performance with minor changes to the UTRA system.

2 Discussion

2.1 Release 4 Solution

In UTRA system downlink (DL) power control of dedicated channels is based on closed loop after initial phase, when DL power is set by network. On top of this inner loop there is quality based outer loop that is used to set the target BLER. The only difference is that UTRA TDD handles the power control at coded composite transport channel level to allow flexibility in the up and down link allocation and save on the transmission in the uplink compared to UTRA FDD. The drawback of this is that the feed back rate is reduced to100 Hz (once per frame) compared to 1500 Hz (once per slot) of UTRA FDD.

The UE generates transmission power control command that consists of 2 (TPC)-bits based on SIR measurement and comparison to a threshold value per received time slot and sends those bits to base station. Two bits are used to signal 'UP' and 'DOWN' commands. The TPC-bits are not coded. The measurement of received SIR shall be carried out for each received time slot at the UE. When the measured value is higher than the outer loop target SIR value, power needs to be decreased and TPC bit = 00 is sent to BS. When measured value is lower than the target SIR value, TPC bit = 11 is sent to BS and power should be increased. BS adjusts the DL power based on the UE TPC commands as defined below and maintains the power within the limits set by the UTRAN. 

PBS_dc = PBS_dc_old ± PCstep,






where

PBS_dc is the output power for the dedicated channel,

PBS_dc_old is the output power for the dedicated channel that was used in last downlink timeslot,

PCstep is the size of the power control step.

If the TPC bit cannot be received, the transmission power value shall be kept unchanged. 

Currently three different power steps are defined in the specifications: 1, 2 and 3 dB. 

The initial power control parameters are signaled from the RNC to the Node B.

The following parameters are signaled from the RNC to the Node B –

· Power control step size

· Maximum transmit power for each Node B 

· Maximum and minimum powers for each connection 

2.2 Proposed Method - SIR Difference Method 

As the downlink power control of the UTRA TDD dedicated channel is based on the UE indicating the need of variation of transmission power by signaling in the uplink, best power control could be achieved if the UE signals the SIR difference between received and desired SIR values and lets the base station apply the difference value at the next downlink transmission. This SIR difference scheme is not ideal method due to the delay in applying the value, but can be used as reference point for optimum step size selection for downlink power control. 

To make this method more suitable for physical layer signaling, the UE signals a TPC bit pattern based on the measured SIR difference. It is proposed to utilize the don’t care options of the two bit TPC field to signal the observed SIR difference. The UTRAN makes decision on the step sizes after receiving the TPC command pattern and then may adjust the transmission power.

The advantage of this scheme is that it allows the UTRAN to use more appropriate step sizes in the downlink when the channel fading is faster than the TDD power control rate and better match the various channel profiles. It is also shown later in this document that this scheme is backward compatible. 

2.2.1 Signaling of SIR Difference

In the SIR difference method, the TPC bits are used to signal SIR difference without any error correction. This method is similar to the current method with the extension of utilizing multiple levels. When UE has measured difference between the received SIR and desired SIR, it uses thresholds to decide on the corresponding value for signaling.  Here the optimum solution would be unconstrained TPC word that can accommodate the various signaling needs. On the other hand the slot format and backward compatibility needs to be considered and thus there is natural reason to limit the number of bits used for signaling.

2.2.2 Interpretation of signaled SIR Difference

When the UTRAN receives the signaled SIR difference it can decide what step sizes should be used for each signaled value. Selected step sizes naturally depend on the used thresholds in UE side, but corresponding signal values and step sizes are defined in separate tables to give extra flexibility for step size selection process at UTRAN. It can be shown that the step size selection is channel specific optimization process and there is benefit to the system by selecting the step sizes independently for 'UP' and 'DOWN'. Thus the current Release 4 scheme can be further improved by allowing this kind of small system improvement.

2.3 Simulation

2.3.1 Simulation Scenario

The simulations are conducted in the indoor environment consisting of four base stations as shown in Figure 1. Base station positions are not optimized and they are placed in symmetrical positions close to office rooms so that there are walls between base stations to reduce inter-cell interference. Pathloss map of the simulation area is presented in Figure 2 The simulated service is 12 kbps circuit switched service with voice activity of 100 %.
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Figure 1 : Indoor Model with Four Base Stations
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   Figure 2 : Pathloss Map of the Indoor Scenario

2.3.2 Simulation Metric – Call Quality Classification

The performance of the network was measured by the rate of satisfied calls. This is defined as
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where Ngood, Nend, Nblock and Ndrop are the numbers of good, ended, blocked and dropped calls. In the simulations, only the calls, which start and end during the simulation time horizon are considered, the number of which is Nend. Once a call ends it is classified as a good/bad quality call or a dropped call. In these simulations an ended call was considered as a bad quality call if more than 2 percent of the transmitted frames were erroneous. Otherwise it was considered as a good quality call. Dropping of a call was done after 50 consecutive erroneous frames. Blocked calls are those who are not served at all due to the unavailable resources.

2.3.3 Power Control Effect to Capacity

In this simulation the system performance with and without power control was studied. No errors in the TPC commands was used in this scenario. When power control was used maximum DL transmission power was set to 9 dBm and minimum to -21 dBm. For the no power control case constant 9 dBm transmission power was used. 

The capacity gain with power control is about 140 % when using 1 dB power control step size compared to constant transmission power. When using larger step size, namely 2 and 3 dB capacity gain is increased respectively to 160 % and 180 % compared to no power control (transmitting at constant power). 

Figure 3 also shows simulation results for two other power control schemes - the SIR difference scheme where the reported SIR difference is used as a step size and a scheme in which the step size for the 'UP' and 'DOWN' are chosen independently. It can be seen that seen that there is considerable improvement to the system capacity with SIR difference scheme when compared to the current Release 4 method.
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Figure 3 : Power Control Effect to Capacity

2.3.4 SIR Difference Method

In the following simulations SIR difference method is used for downlink power control. The effect of TPC bit errors and SIR measurement errors on the simulation result is also investigated. 

2.3.4.1 
Results with TPC Command Errors

In the next simulations TPC error impact to system capacity is studied with signaled step sizes. Used threshold values and TPC step sizes are listed in Table 1. Different two bits cases are simulated, one with symmetrical step sizes for the 'UP' and 'DOWN' commands and the other with asymmetrical step sizes with a larger step size for the 'UP' command. Simulation results are presented in Figure 4 and Table 2.

           Table 1 : Step Sizes and Thresholds for different TPC Schemes

TPC Step Scheme
Step Size Up           (dB)
Step Size Down           (dB)
Threshold Up Step
Threshold Down Step

2 bits
1, 2
1, 2
1
-1

2 bits asymmetric
1, 3
1, 2
1
-1

3 bits
1, 2, 3, 4
1, 2, 3, 4
1, 2, 3
-1, -2, -3

4 bits
1, 2, 3, 4, 5, 6, 7, 8
1, 2, 3, 4, 5, 6, 7, 8
1, 2, 3, 4, 5, 6, 7
-1, -2, -3, -4, -5, -6, -7

2.3.4.1.1 Modeling of TPC Errors

Uplink BER has been used as a parameter and errors in TPC command are generated according to that probability. In case of error direction of power control command is changed. If more than one bit is used for TPC command, then each bit is tested separately against given probability. 

2.3.4.1.2 Effect of TPC Errors to System Capacity
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Figure 4 : System capacity with different power control schemes in presence of TPC errors.

As can be seen from the results in Figure 4, system capacity can be improved with signaled step sizes as compared to symmetrical 1 dB step size. Furthermore by selecting the steps optimally capacity can be improved as can be seen between cases 2 Bits and 2 Bits asymmetric. 

        Table 2 : System Capacity simulation results


BER 0%
BER 5%
BER 10%
Vulnerability

1 – 1
100.00 
93.26 
79.78 
-20.2 

2 – 2
110.11 
93.26 
84.27 
-23.5 

3 – 3
112.36 
101.12 
77.53 
-31.0 

2 Bits
108.99
103.37
100.00
-8.2

2 Bits asymmetric
128.09
112.36
106.74
-16.7

3 Bits
142.70
113.48
101.12
-29.1

4 Bits
158.43
116.85
96.63
-39.0

Based on the presented simulation results in the table above we can conclude that asymmetric two bit signaling scheme is sufficient for the SIR difference signaling. 

In Table 3, backward compatibility of the proposed scheme is discussed. It is shown how older and newer equipment can interpret the TPC commands and co-exist without any problems.

     Table 3 : Backward Compatibility of 2 bit SIR signaling scheme

Received Power Control Command
Release 4 Equipment
Newer Equipment

00
DOWN
DOWN Step Size 1

01
Don’t Care
DOWN Step Size 2

11
UP
UP Step Size 1

10
Don’t Care
UP Step Size 2

2.3.4.2  Results with SIR Measurement Errors 

This section compares the effect of SIR measurement errors on the system capacity of the SIR difference scheme. The proposed scheme is compared to the symmetrical 1 dB step size scheme, as represented in the current Release 4 solution. The step sizes for SIR difference scheme for different TPC bit field lengths are chosen as in Table 4. 

     Table 4 : Step Sizes for simulations with SIR measurement errors

TPC Step Scheme
Step Sizes for UP Step (dB)
Step Sizes for DOWN Step (dB)

2 bits
2, 4
1, 3

3 bits
2, 4, 6, 8
1, 3, 5, 7

4 bits
1, 2, 3, 4, 5, 6, 7, 8
1, 2, 3, 4, 5, 6, 7, 8

2.3.4.2.1 SIR Measurement Error Modeling

The SIR requirement in AWGN channel as defined in [3] is presented in Table 5. The fading channel SIR estimation is modeled so that a bias and normally distributed error is added to the true SIR value. These parameters were defined experimentally with a link-level implementation of used channel model for the simulations. The results of the fading channel SIR model are depicted in Table 6.

Table 5 : SIR Intra Frequency Absolute Accuracy

Parameter
Unit
Accuracy [dB]
Conditions




Range

SIR
DB
( 3
For 0<SIR<20 dB when Io > -105 dBm

SIR
DB
+/-(3 – SIR)
For -7<SIR<0 dB when Io > -105 dBm

Table 6 : True SIR and corresponding standard deviation for erroneous SIR measurements in fading channel model

SIR Value [dB]
Standard Deviation [dB]

0.0
2.439

5.0
1.818

10
1.456

15
1.09

20
0.0

2.3.4.2.2 SIR Measurement Error Impact to System Capacity

The simulation results in the presence of UE SIR measurement errors and TPC command errors are presented in Figure 5and compared to 1 dB step size scheme of Release 4 in Table 7.
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Figure 5: Gain in system capacity from signaled step sizes as compared to 1 dB step size with fading channel SIR model

Table 7 : Gain in system capacity from signaled step sizes compared to 1 dB step size with fading channel SIR model for different TPC field sizes


1dB => 2 Bits
1dB => 3 Bits
1dB => 4 Bits

BER 0 %
52%
64%
81%

BER 5 %
42%
43%
42%

BER 10 %
24%
12%
5%

It can be concluded that from the results above there is noticeable gain from using the SIR difference method compared to the existing Release 4 scheme. As shown previously the 2 bit asymmetric signaling is the most reliable scheme and is quite tolerant to TPC BER variation.

3 Conclusions

The system performance with downlink power control can be improved by signaling the 2 bit TPC command representing the measured difference between received downlink SIR and target SIR from UE to UTRAN. The UTRAN derives the step size from UE signaled recommendation and UTRAN may apply the power change at the next DL transmission. 

Results presented in this paper show that 2 bits be used for signaling to maintain back ward compatibility and minimize vulnerability of TPC command BER variations. With two bits signaling performance gain of 24 to 52 percent can be achieved as compared to 1 dB step size when uplink BER for TPC command is from 0 to 10 percent and with SIR measurement errors.
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5 Appendix

5.1 Propagation Model

The indoor path loss model expressed in dB is in the following form, which is derived from the COST 231 indoor model -
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(1)

where R represents transmitter-receiver separation given in meters, kwi denotes number of penetrated walls of type i, Lwi is loss of wall type i and n is number of penetrated floors. One type of internal walls are considered with a loss factor of 6.9 dB.

Total attenuation between base station and a mobile station is Lpico + Lfast +Lslow where Lpico is the pathloss and Lslow is the slow shadow fading and Lfast is the fast fading.

5.2 Mobility Model

Indoor mobility model is used and parameters are set according to UMTS 30.03 [4]. Mobile speed is 1.0 m/s and ratio of mobiles in office rooms is 80 %. Mean stationary time in office rooms is 30 seconds.

5.3 Simulation Environment

The simulated scenario was indoor environment that is presented earlier. Minimum coupling loss between different transmitters and receivers was assumed to be –38 dB. Slow fading was assumed to be uncorrelated between sites. Slow fading deviation of 6 dB was used. Correlation of 5 meters was assumed for the slow fading process. The used channel model was Case 1 given in the WG4 specifications. In this model the channel has two Rayleigh faded taps, one of which is delayed by 968 ns and attenuated by 10 dB. It should be also noted that these simulations were conducted in such an environment that the multipath profile was essentially single path. In this kind of environment very efficient power control is needed.

5.4 Frame Structure

One frame is 10 milliseconds long and composed of 15 timeslots of which 7 slots are allocated for uplink and 7 slots for downlink. One slot is used for PCCPCH and it is same in all base stations. In Table 8 is presented the slot allocation table. P corresponds to the PCCPCH slot, U to uplink slot and D is downlink slot. 

In the simulations it was assumed that there was no additional delay in TPC command generation in the UE nor in applying the change in the transmit power at the BS i.e. UE is able to transmit TPC command to BS in the next active uplink slot and the BS is able to apply the change in transmit power in next active downlink slot. Since one uplink slot and one downlink slot are allocated to each UE there is no difference in DL power control performance between different frame structures.

Table 8 : Simulation Frame Structure
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

P
U
U
U
U
U
U
U
D
D
D
D
D
D
D

5.5 Intra-Cell Interference

MUD receivers were assumed both in the uplink and the downlink. In the uplink MUD factor was set to 0.9, which means that 90 percent of intra-cell interference is cancelled. In the downlink orthogonal codes are used, thus the second component in used multipath profile will generate interference to other users in the same cell.
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