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1. Introduction
Present power control test cases in the specifications do not guarantee the correct behaviour of the outer loop. R4​​​-060735 [1] shows that this problem implies a severe network capacity loss. The objective of this document is to propose a WI to work on existing and new test cases to guarantee that a minimum outer loop performance is achieved.

2. Outer loop mission.

The purpose of the outer loop power control in UMTS is to set the SIR target to be followed by the inner loop. The outer loop is necessary because different radio conditions imply different required SIRs, and thus the target SIR should be adjusted as a function of these conditions. In this context, "radio conditions" means the characteristics of the multipath channel, i.e. power-delay profile and Doppler spectrum.

The reason why the required SIR depends on radio conditions is the different behaviour exhibited by the inner loop in different conditions. If the inner loop were perfect, the received SIR would always be constant (and equal to the target SIR), irrespective of the radio conditions, and a unique target SIR would exist for a given service and a given desired quality (BLER). However, in reality there are SIR errors, i.e. differences between target SIR and actual SIR values, which tend to be larger for certain radio conditions than for others. For example, increased mobile speeds produce faster multipath variations (higher Doppler spread values), and SIR errors tend to be higher as a consequence of the inability of the inner loop to accurately track these channel variations. Similarly, a smaller number of resolvable paths tends to produce more pronounced fading, which is more difficult to compensate for the inner loop, and also increases SIR error. In general, for a given SIR target, the larger the SIR variability around this value (i.e. SIR error), the worse quality (BLER) experienced [2]. The outer loop aims at compensating these quality variations which would take place with a fixed SIR target. Thus, in the event of high (low) SIR variability, the outer loop increases (decreases) the SIR target, so as to maintain a given quality (usually in terms of BLER). Propagation conditions (i.e. channel models) that result in large SIR variability are termed "bad" ("good"), because they require a relatively high (low) SIR target. Differences in required SIR values of several dB have been reported [2].
3. Present specification situation.
Outer-loop control algorithm is not specified in the Standard. However, a bad performance of this algorithm in the UEs and the RNC may have a severe impact to overall system performance. Because of this, some test cases are specified in order to guarantee some minimal performance requirements in UE. RNC performance is not specified, each operator should guarantee the performance in its own network.
Actual test cases combine the analysis of inner loop and outer loop, and thus outer loop is not specifically tested. Present tests are:
1. Constant BLER (25.101, section 8.8.1) It tests outer loop in steady conditions. This test is necessary but it doesn’t approach the main function of outer loop which is to adapt fast to changing conditions.
2. Initial convergence (25.101, section 8.8.2). It tests that DPCH_Ec/Ior level converges to the value specified by the target, but it does not test the convergence of the target to the correct value as no BLER is measured. It is a test for the inner loop, and it doesn’t test the convergence of outer loop.
3. Wind-up (25.101, section 8.8.3). This test guarantees that the outer loop will not increase the SIR target excessively when increasing the SIR target does not increase the measured SIR., but it does not test the subsequent convergence to the previous value after the wind-up time. This convergence affects network capacity.
4. Different transport formats (25.101, section 8.8.4). It measures the outer loop when the transport format changes but it does not verify that the convergence is fast since the time in each stage is not limited.
To summarize, the tests in the standard do not cover the main functionalities of outer loop, i.e. to maintain the required radio link quality when the radio environment changes, during initial convergence or when a wind-up situation ends. This is due to an inadequate methodology and a lack of test cases. 
The field measurements in [1] demonstrate that the absence of requirements for the outer loop has a severe impact on network capacity. The document reflects the conclusions from the measurements on several commercial terminals, system simulations and massive field measurements.

3GPP should work on these issues because they have a major impact on network capacity. Therefore the opening of a Work Item is proposed.
4. WI objectives.
The objectives for the Work Item should be the two main lacks in the standard:
1. To define a right methodology to test the outer loop. Currently, test cases mix inner and outer loop and therefore outer loop is not correctly measured.
2. To use this methodology to test the main objective of the outer loop: an efficient convergence in changing situations that guarantees communication quality. Examples of these situations are: changing propagation environment, initial convergence and wind-up. It is essential to measure the BLER in these conditions and not only in stable conditions.
Specifically, the following points have been identified that need to be covered:
1. The convergence speed of the outer loop during a change of propagation conditions should be tested.
Since the purpose of the outer loop is to adjust the SIR target as a function of propagation conditions, it is clear that such adjustment should take place in the fastest possible way. An outer loop failing to rapidly increase the SIR target when propagation conditions become worse causes a low quality period; an outer loop failing to rapidly decrease the SIR target when a favourable change in radio conditions takes place is wasting transmission power and thus reducing capacity through increased interference. It should be reminded that changes in radio conditions are very common in a mobile environment.

This naturally leads to the necessity of testing the convergence speed of the outer loop when a change in propagation conditions takes place. However, none of the power control tests currently specified in [3] [4] address a change in propagation conditions. A new test needs to be defined to address this issue.

2. The initial convergence of the outer loop should be tested.

The reason is similar to that given for the change of propagation conditions: when the SIR target is far from its required value, either quality will be poor (too low SIR target) or power and capacity will be wasted (too high SIR target). Thus the time that the SIR target takes to converge to its required value should be limited.

Currently, the initial convergence test [3] checks that the inner loop converges rapidly to the target set by the outer loop. However, the convergence speed of this target to its required value is not dealt with. In other words, initial convergence of the outer loop is not being tested. A new test thus needs to be defined.

3. The convergence speed of the outer loop after a wind-up period should be tested.

Immediately after the wind-up situation ends, the SIR target value is typically far from the required value for the desired BLER. It could be argued that the anti-wind-up mechanism prevents the SIR target from moving too far. However, before wind-up is detected and the anti-wind-up mechanism takes over, the SIR target has typically increased a few dB. Thus, when the wind-up situation ceases, the SIR target needs to converge to its required value (this is similar to the initial convergence at call setup). The convergence speed in this situation again impacts capacity, and thus needs to be controlled.

The currently defined test for wind-up effects [3] does not address this aspect. Therefore a new test should be defined.
All these points will have a very positive influence on network capacity, as seen in [1] and clearly justify the creation of a Work Item which will enable to include all these aspects in the standard.
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