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1. Introduction

This document discusses current performance criteria for inner loop power control. Then a new performance criteria for inner loop PC will be introduced. Also details of test conditions are proposed. Finally a text proposal for TS 25.101 is presented

2. Discussion

Inner loop power control in the downlink is the ability of the UE receiver to estimate the received SIR, compare it with the SIR target and transmit the TPC symbols in accordance to the results of this comparison. Then BS changes its DPCH power according to these commands. 

Inner loop PC is very useful in fading propagation conditions since it helps UE to receive signal at relatively fixed level, especially if the rate of the inner loop PC is fast enough compared to rate of fading. Thus inner loop PC enables better reception in slowly fading propagation conditions. Furthermore inner loop PC together with outer loop PC maintains certain quality of service while the transmitted DPCH power at the BS is lowest possible thus keeping the  system capacity optimal.

Currently all performance tests in Section 8 in TS 25.101 are performed without inner loop PC due to testability reasons. Thus it is important to find good methods that inner loop PC works correctly in UE. If it does not work correctly a UE asks more power from a BS and this has a negative impact on network capacity.

In current specification TS 25.101 there are requirements for SIR estimation, which is needed in inner loop PC. These are as follows:

· SIR measured tolerance, [  ]

· SIR dynamic range,  [  ]

· Time Period for SIR measurement, 2560 chip periods

However, there are some unclear things and problems related to these requirements. These are as follows:

· Since this test is inside Section 7, measurements are done with AWGN propagation condition with no multi-paths and no fading. Accuracy of SIR estimation in one tap AWGN channel does not guarantee that a UE is able to do reliable and accurate SIR estimation in fading propagation conditions, in which the use of inner loop PC is most beneficial. Therefore a fading propagation condition should be used. 

· It is not clear even inside T1 how the requirements will be tested. 

· If a UE is requested to send SIR values to system simulator, this would be unreliable method in fading propagation condition, since the ideal SIR value in multi-path channels is difficult to determine and the value for it depends on the used multi-path combining method used in a UE. Since a combining method is not specified in 3GPP, this method is not applicable for inner loop PC testing.

· If testing method is to execute a step function for target SIR and then uplink TPC bits are recorded for analysis. This method is also unreliable since statistics of TPC bits does not guarantee that a UE is able to follow fades in real fading propagation conditions. 

· The same requirements are valid for different UE locations (different geometry factor). It is believed that a single requirement does not guarantee the best possible system capacity. 

· It is questionable whether requirements for SIR accuracy are good performance criteria for inner loop PC and whether the use of them guarantee a good UE performance and furthermore a good system capacity.

· RAN WG1 has not specified the SIR algorithm used in UE. However it seems that current requirements for inner loop power control requires that SIR estimation needs to specified. However we feel that the performance criteria should be chosen so that this is left open for different implementation. 

Obviously due to the problems mentioned above values for requirements are not specified and test procedure are far from being clarified. 

In the following three subsections new measurement criteria and test principles for inner loop PC are given. 

2.1 New performance criteria for inner loop power control

Based on discussion above it seems that test environment for inner loop PC needs to be redefined. The new test method should guarantee that inner loop PC in UE is performing efficiently enabling a good signal reception at the UE and enabling a good system capacity. Our proposal for test conditions are as follows:

· Inner loop PC needs to be tested in static fading propagation conditions.

· Inner loop PC needs to be tested with multiple geometry factors.

· UE specific Outer Loop PC algorithm should not have any impact on results.

· Inner loop power control should be ON during measurement

Above considerations leads us to following performance criteria.

· UE needs to maintain the target BLER value

· Average transmitted DPCH power at the system simulator antenna connector (DPCH_Ec/Ior) that is needed for UE to maintain the target BLER value needs to be below specified value.

It is also believed that these criteria find out whether UE is able to meet a one slot delay requirement, which is specified for inner loop PC. 

2.2 Performance test principles

Proposed performance criteria for inner loop PC can be tested with the following procedure:

a) System simulator signals the required BLER value to a UE. Outer loop PC and Inner loop PC is working in a UE. 

b) TPC command in uplink must be error free. This can be made by sending TPC command in downlink to raise UE uplink power to the level that TPC commands in uplink are received correctly at the system simulator.

c) System simulator must obey TPC commands received in uplink. 

d) After UE has achieved the target BLER value the outer loop PC is switched off. The command to do so can be signaled from a system simulator to a UE. In this moment a UE has set its target SIR value to be such that UE is able to achieve the required BLER value. As outer loop PC is switched off it enables that only inner loop PC is being tested.

e) Then the average power of transmitted DPCH power at the system simulator DPCH_Ec/Ior will be measured. At the same time an average BLER must be below the target BLER.

f) Measured DPCH_Ec/Ior will be compared to specified value.

Averaging time to get DPCH_Ec/Ior and BLER values must be long enough to achieve needed confidence level for this test. One of the benefits of test procedure is that inner and outer loop PC algorithms can be manufacture specific as far as they fulfill the minimum performance requirements.

2.3 Requirements for test equipment

It is believed that proposed inner loop PC test procedure places demanding requirements for test equipment involved in this test. At least following requirements are identified:

· Power control step size accuracy must be very good in system simulator so that only goodness of inner loop PC of UE will be tested and nothing else.

3. Text proposal

Following text is proposed for Inner Loop PC specification. Note that whole requirement is proposed to be moved from Section 7 to Section 8. The reasons for this is that Section 7 deals with RF requirements and inner loop power control is not a RF requirement.
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(b) 
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8.8 Inner loop power control in downlink 

Performance of the inner loop power control in downlink is determined by the Block Error Rate (BLER) values and by the measured average transmitted DPCH_Ec/Ior value. 
8.8.1
Inner loop power control in the downlink

8.8.1.1
Minimum requirements
For the parameters specified in Table xx, the BLER amd DPCH_Ecd/Ior value shall not exceed the values specified in Table xy. 
(a) Power control is ON during the test.

(b) Power control step size is 1 dB.
Table xx: Test parameters for downlink inner loop power control

Parameter
Unit
Test 1
Test 2
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Table xy: Requirements in downlink inner loop power control 

Parameter
Unit
Test 1
Test 2
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4. Conclusions

It was shown in this document that current performance criteria and test conditions for inner loop PC do not guarantee the correct behavior of inner loop PC algorithm in UE. Since the current performance tests in Section 8 are performed without inner loop PC it is extremely important that good performance criteria, requirements, and test cases are specified for inner loop PC. In this document a new performance criteria and test procedure for inner loop PC were introduced and discussed. It is shown that the new performance criteria and test procedure are better than the previous ones. Therefore, a text proposal to specify minimum requirements for inner loop PC for TS 25.101 was presented. 
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