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1. Introduction and Background

In RAN4#32 Ericsson and Vodafone Group presented [1] in which a proposal to improve downlink power control requirements was addressed. It was pointed out in that reference that the current specification [2] lacked Outer Loop Power Control (OLPC) tests for low and high BLER values and that due to poor coverage of this downlink power control tests some operators had also seen problems in their live networks [3][4]. These were the conclusions in [1]:
“The current specification lacks certain practical aspects of the downlink power control such as testing of outer loop on multi-transport channels. Moreover convergence of low and high BLER values is not tested although such test points are important in real network operation. Due to poor coverage of downlink power control tests, some operators have also seen problems in their live network. The need to improve downlink power control requirements has been under discussion in RAN4 since RAN4#28. This contribution provides an updated version of the complete structure of the downlink power control test cases, which are necessary to guarantee appropriate power control behaviour in the UE. In order to have further progress on this issue it is proposed that RAN4 should agree on the CR structure and simulation assumptions during this meeting.” 
And in the mentioned document it was suggested that: “that RAN4 agrees on the structure of the CRs and on the simulation assumptions during this meeting (RAN4#32) to facilitate the inclusion of the new tests by the next Ran4#33 meeting in November.”.
Since then no single CR has been proposed or approved to improve downlink power control requirements in TS 25.101.
A poor Outer Loop Power Control (OLPC) performance in commercial UE´s can severely damage the system performance in terms of call dropping and reduced cell capacity (up to 30% as shown in system level simulations presented in previous RAN4 meetings [5]).

Field measurements in commercial UE´s presented in past RAN4 meetings [4][6] show that their OLPC performance in variable fading environments, i.e., in a non-steady state situation, is very poor: its convergence speed is very low, which implies that while the received (or Target) SIR is slowly decreasing towards its required value, power is being wasted at the base station. Interference to other users is being unnecessarily high and causes the cell capacity reduction shown in [5]
The mentioned OLPC problematic (its low convergence speed) is exacerbated in the cases of Low BLER Target services, as the real time video service and discontinuous services like data transmission. These are precisely the type of services that are gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors [4].
To guarantee a correct behaviour of UEs, 3GPP defines test cases with the minimum performance requirements for these UEs. The current power control test cases in TS 25.101 [2] do not cover critical OLPC performance functionalities [1][3][5]:
Clause 8.8.1: Power control in the downlink. Constant BLER target. OLPC is tested in steady state. It is a useful test. It covers the basic OLPC behaviour in steady state. It does not cover any variable fading environment as it continuously occurs in real networks.

Clause 8.8.2: Power control in the downlink. Initial convergence. It only covers power convergence of the inner loop in the first second of the call. OLPC initial convergence is not tested.

Clause 8.8.3: Power control in the downlink. Wind-up effects. This test just covers a problem that occurs when the base station reaches its transmission power upper limit. It is a useful test to prevent this concrete problem. UE behaviour during this test case depends on the BLER target but it is just tested for medium BLER target (voice service). These should be improved to cover several BLER targets since with the actual test definition UEs can pass the test for voice service but not for video conference service for example. 

2. The OLPC low convergence speed: a very well known problem
The problem of the OLPC low convergence speed is a very well known one, in fact in the previous problematic is already commented in [7] which is the most referenced when talking about the OLPC, this paper by Sampath concludes: “(…) however, too small step sizes may result in sluggish convergence to the system steady state at start-up or when conditions change. Further work is required to study the tradeoff between convergence and excess power used in the choice of step sizes”. Thus, it is admitted in the mentioned paper that the algorithm therein described has limitations precisely in the non-steady state.

These limitations are also confirmed in the well known reference [8] (Holma, Toskala) which states that: “(…) If the received quality is estimated based on BLER measurements, the adjustment of the SIR target is very slow and the convergence speed of the SIR target to the optimal value takes a long time. Therefore for high quality services the soft frame reliability information has advantages” .
Top optimized Technologies (ToT) is not the only company aware of the huge damage that some OLPC designs can make to the W-CDMA technology, in fact more than 250 patents (search for “outer loop power control” in [9]) have been filed in the past years which ultimate goal is to increase the convergence speed of the OLPC. The following statements have been extracted from some of these patents:

· Patent A: “There is therefore a need in the art for techniques to reduce the amount of time needed to adjust the SIR Target to the final value”
· Patent B: “The setpoint adjustment scheme described above results in a sawtooth response for the setpoint. (…) As can be seen, techniques that can be used to effectively adjust the setpoint of a power control loop, which may reduce transmit power consumption and interference and further increase system capacity, are highly desirable”

· Patent C: “However, as described above, when the Target BLER is small, because it takes time for the target SIR to return to the SIR actually needed, excessive base station transmission power is transmitted to the terminal station over an extended period”
· Patent D: “Since the OLPC depends on the CRC check, it often takes a long time to converge to the required target SIR for the low BLER. (…) Accordingly, there is a need for OLPC which determines the actual channel conditions so that a proper value for the target SIR is used”
· Patent E: “Consequently the conventional transmission power control involves the wasteful consumption of the transmission power and the unnecessary increase of the amount of interference with the other channels which in turn causes the unnecessary lowering of the subscriber capacity”

3. Justification of the Work Item.
A Work Item has been proposed because:

· The low convergence speed of some OLPC designs is well known and has been studied for a long time.
· its huge impact on system capacity is firstly inferred from the huge amount of research generated to solve it and secondly by the already commented system level simulations presented in RAN 4 #36 meeting which were not called into question since no comments were made after the oral presentation of the mentioned document. 

· Some operators are already suffering problems caused by a poor outer loop, it needs to be solved as soon as possible.

· the current status of the power control test cases is not appropriate:

· there is no test case for the OLPC under changing propagation conditions which is precisely where the OLPC performance is put into consideration
· testing methodology does not cover the outer loop behaviour, test cases mix the behaviour of outer and inner loop, this makes very difficult to test outer loop performance in UEs.

· some of the current tests are incomprehensively restricted to medium and high BLER target services and thus ignoring the Low BLER target services which are precisely the type of services that are gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors   
4. The perception of a poor OLPC performance in live networks

Only if an operator has a high traffic load (which implies a representative number of customers) it will perceive capacity reduction problems related to an excessive interference in the system. And even in that situation of high traffic demand it would be difficult for an operator to associate those capacity problems to a bad OLPC design.

This is why only three operators (one of them supporting this WI proposal), with already a representative number of customers, have expressed themselves on the issues related to the poor performance of the OLPC in commercial UE´s (see [4] and [10]).

Another three operators have agreed to support this Work Item proposal after a detailed explanation of the problem and taking into account that they will face it in the near future.

5. Conclusion
This is an industry problem that has huge impact on system capacity (around 30% [5]) of the low convergence speed of the OLPC is firstly inferred from the huge amount of research generated to solve it and secondly by the already commented system level simulations, which follow the 3GPP recommendations [13][14][15], presented in RAN 4 #36 meeting which were not called into question since no comments were made after the oral presentation of the mentioned document. 

The need to improve downlink power control requirements has been under discussion in RAN4 for more than two years (see RAN4#28 document in [11]). In RAN 4 #32 meeting Ericsson and Vodafone Group presented reference [1] titled: “Proposal to Improve Downlink Power Control Requirements” and since then no single CR has been proposed on this issue.

With these thoughts in mind a work Item has been proposed to improve the performance requirements for OLPC because:

· some of the current power control test cases in TS 25.101 (initial convergence and wind up test cases) do not consider low BLER Target services [12] which are precisely the type of services that are gaining popularity among consumers and thus becoming an important source of revenue for operators, network manufacturers and UE vendors

· one of the main features of the OLPC which is its convergence speed is not tested in the mentioned TS 25.101
· testing methodology does not test precisely the outer loop since it mix the inner and the outer loop.

The simulation load derived from the new test cases to be proposed within this Work Item is not high since they consider very simple scenarios and the benefits from including them in the specifications would be enormous since some of the current OLPC designs in commercial UE´s are jeopardizing the W-CDMA technology.
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