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1. Introduction and Background

The minimum performance requirements and test cases for the downlink outer loop power control are specified in section 8.8 [1]. This contribution summarizes the limitations and problems associated with the current power control requirements and test cases. The paper discusses the need to improve the current requirements and provides arguments for their improvement.

2. Discussion

In order to ensure proper implementation of the outer loop power control in the UE, three different types of minimum requirements are specified in section 8.8 [1]. This paper aims to show that the current requirements do not cover all the necessary aspects of the outer loop, which in turn does not guarantee proper downlink power control behaviour in the real network. 

2.1. Downlink Power Control: current test cases

Table 1 below provides an overview of the current downlink power control test cases, the objective of these tests and the test coverage at different transport channel BLER figures.

Table.1. Downlink power control tests in 25.101

	Section
	Power Control Tests
	Purpose
	Low BLER 

(0.1% or 0.25%)
	Medium BLER (1%)
	High BLER (10%)

	8.8.1
	Power control: constant BLER
	DPCH Ec/Ior and BLER (DTCH) convergence in steady state
	NO
	YES
	NO

	8.8.2
	Power control, initial convergence
	DPCH Ec/Ior convergence during first 1 sec.
	NO
	YES

(Note 1)
	YES 

(Note 1)

	8.8.3
	Power control, wind up effects
	To ensure SIR target does not increase or decrease indefinitely
	NO
	YES
	NO


Note 1: Initial convergence of BLER is not tested in 8.8.2

3. Limitations of the Current Test Cases

This section explains the limitations of the current test cases summarized in table 1.

3.1. Missing Test Points: BLER values 

As observed from table 1 that the current test cases primarily focus on 1% BLER target. Presently there are no requirements at all for the low BLER values. Previous contributions [2][3] have emphasized the need for inclusion of the requirements for low BLER target because 0.1% or 0.25% BLER target is being used in real networks for some real time services. In the same way high BLER (10%) is commonly used for packet data services. But currently at 10% BLER no power control requirements are specified for constant BLER and for wind up effects. With respect to power control tests in section 8.8, the BLER convergence is only tested in the constant BLER test case in section 8.8.1. BLER is not tested in the initial convergence test in section 8.8.2. 
This means when operating at low BLER and high BLER, the BLER convergence to the desired BLER level during the initial as well as during the steady state phases cannot be guaranteed. Lack of BLER convergence would drive excessive base station power, leading to capacity loss.

3.2. Initial Convergence: Quality Measurement

The requirements in 8.8.2 aim to test the convergence of DPCH Ec/Ior during the initial one second but the corresponding tests do not address the convergence of the actual quality (transport channel BLER). The ultimate criterion for the user perceived quality is the BLER rather than the DPCH Ec/Ior. Thus the test should also ensure the initial convergence of the BLER in addition to the initial convergence of DPCH Ec/Ior. At low BLER due to infrequent transport block errors, the initial convergence time would be much larger than the existing times T1 (0.5 sec) and T2 (0.5 sec) used in the tests. In the same way for high BLER the convergence time can be reduced since block error would occur more frequent.

Table 2 below gives the average time between the block errors when operating at different BLER values. The BLER convergence time depends upon the occurrence of block errors events. The table also shows that the use of a reference channel with multiple transport blocks per transport channel reduces the average time between the block errors, which in turn would decrease the BLER convergence time and would also lead to test time reduction. However, reduction of convergence time is only possible for low and high BLER values since the corresponding services use multiple blocks in a transport channel. 

Table.2. Mean time between transport block errors

	BLER value
	Data rate
	TTI length

(DTCH)
	Transport blocks per transport channel
	Mean time between block errors

	0.1%
	64 kbps
	20 ms
	1
	20 sec

	
	
	
	4
	5 sec

	1%
	12.2 kbps
	20 ms
	1
	2 sec

	10%
	64 kbps
	20 ms
	1
	200 ms

	
	
	
	4
	60 ms


3.3. RAB with Multiple Transport Channels 

The current constant BLER requirements in section 8.8.1 [1] are specified only for the data transport channel (DTCH). However, in practice every RAB comprises of several transport channels: one DTCH and more than one DCCH. According to the RRC signalling specification [4] the UE should be able to report the downlink transport channel BLER on any transport channel in operation i.e. DCCH or DTCH. However, as of today there are no requirements for the signalling transport channel (DCCH). In real UE implementation the outer loop power control loop should run for each individual transport channel. The SIR target for the inner loop should be derived from all the outer loops whose transport channels have activity (e.g. CRC detection). More specifically the SIR target for the inner loop power control should be the maximum of the SIR target values used for the multiple outer loops as shown in (1):


[image: image1.wmf])

,

,

,

max(

_

_

_

_

2

1

N

OL

t

OL

t

OL

t

innerloop

t

SIR

SIR

SIR

SIR

L

=

                                       (1)

Different channel coding schemes are employed for different transport channels, namely turbo coding for DTCH (e.g. high data rate) and convolution coding for DCCH. This implies that in reality different SIR target values for different types of transport channels will be adjusted by the outer loop power control. Thus lack of requirements on DCCH could result in setting inappropriate SIR target for the inner loop.

3.4. RAB with Multiple Transport Blocks per Transport Channel  

The current downlink reference measurement channels (64 kbps, 144 kbps, 384 kbps) in annex A.3 [1] comprise of only single transport block per transport channel. However, in real network high data rate RAB (e.g. 64 kbps, 384 kbps etc) will have multiple transport blocks per transport channel especially in case of data part (DTCH). In practice UE should be capable enough to handle correlated block errors (multiple block errors in a TTI), which occur at data rates in which turbo coding is used. In this situation there is a risk that poor outer loop algorithm could increase the SIR target by significant amount thus drawing too much power from the base station. Another advantage to be gained by the use of reference channel with multiple transport blocks per transport channel is in terms of test time reduction for some tests as mentioned above in section 3.2.

3.5. Maximum DL Power Levels in Wind up Effects  

In power control, wind up effects test case (section 8.8.3) the maximum downlink power is decreased from 7 dB to -6.2 dB during the stage 2 of the test with the aim of creating wind up situation in the UE as this should lead to dramatic reduction in downlink SIR estimation. A UE with very good receiver would still have relatively better SIR estimation. Thus it is possible for a UE with a good receiver to pass the test without implementing any anti wind up algorithm. Especially when operating at low BLER (e.g. 0.1% or 0.25%), poor anti wind up implementation in the UE will have severe impact on the base station transmit power since the convergence of DPCH Ec/Ior and BLER is already slower. It is therefore suggested that the power levels used in the test parameters should also be reviewed. 

4. Conclusions

This contribution provides an overview of the shortcomings in the present requirements on the downlink outer loop power control [1]. Some of the major issues addressed in this paper are that presently there are: no test coverage of low BLER, poor test coverage for high BLER, no initial convergence of BLER, no tests for RAB with multiple transport channels, no tests for transport channels with multiple transport blocks per transport channels and inappropriate test parameter(s) in wind up effects test case. The lack of these features in the power control tests could severely impact the power control performance in the real network. It is therefore proposed to improve the current power control requirements taking into account the above-indicated issues.
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�PAGE \# "'Page: '#'�'"  �� Could clarify in the text that we only measure the power in the test. There is no measurement of the BLER during the testcase.
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