
TSG-RAN Working Group 4 Meeting #28
R4-030671
Sophia Antipolis, France, August 18-22, 2003


Agenda Item:      5.5 Power Control in Soft handover

Source: 
Ericsson
Title:
 Combining of TPC commands in soft handover

Document for: 
Approval







1. 
Soft handover is seen as an important means to improve coverage. In soft handover the TPC commands from all the cells are combined in the UE. This is important since the combining of TPC commands directly affects the UE power control behavior, which could impact the system performance. The 3GPP specification [1] does not specify any method to combine these commands. But instead the minimum performance requirements and the corresponding test case are specified [2]. Results show that these requirements are not good enough. The purpose of this paper is to initiate the improvement of the requirements and the test case.   
2. Discussion

In soft handover the TPC commands from all the cells are combined in the UE in order to decide whether the command is ‘power up’ or ‘power down’. In order to ensure adequate power control operation in soft handover, performance requirements and test cases are specified in section 8.7.2 [2]. The 3GPP specification does not specify the combining method, which in fact is an implementation issue. It has been shown in the discussion below that these test requirements are not good enough since for certain implementation such as for ‘OR’ combining they lead to poor performance although 3GPP test requirements are fulfilled [2]. This is substantiated through simulation results in the following discussion.

A conventional and straightforward combining algorithm is the “OR” combining method, by which the UE will decrease its power if any received TPC command is ‘DOWN’. Note that this method is most commonly used and quite likely be implemented in many terminals. It has therefore been considered important to check if the 3GPP requirements are met and user satisfaction is sufficient enough. In many studies TPC errors are assumed to be error free. But in practice TPC command is not immune to errors. The errors could be due to low transmission power level, noisy channel environment etc. The UE transmit power in soft handover is therefore very sensitive to a bad radio link. We have evaluated the OR method in realistic scenario.

To evaluate the “OR” combining method, system simulations have been performed in a 21-cell coverage area. The propagation model was 3GPP Typical Urban [3] and the UE speed was 3km/h. The 12.2 kbps continuous speech service was simulated. In the simulations users whose uplink block error rates (BLER) were below 1% were treated as satisfied users and the fraction of satisfied users was taken as the main system performance measure. A typical system performance requirement is that at least 95% of the users should be satisfied. 
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Figure 1.    Fraction of uplink satisfied users.
Fig. 1 shows the uplink performance in terms of fraction of satisfied users, using “OR” combining method. It can be seen that in the uplink, the fraction of satisfied users does not exceed 95% even at low loads. This is caused by bad power control performance for the users in soft handover; in the simulations, on average 24% of the users were in soft handover. The problem is that in practice during soft handover, high TPC error probability together with the “OR” combining method results in a high probability of generating a ‘DOWN’ command, even if all base stations transmit ‘UP’ commands. This in turn leads to higher uplink BLER.
Since the simple “OR” combining method has rather poor performance, it is of interest to ensure that real implementations avoid this method. Next issue is to investigate whether the simple “OR” method can pass those 3GPP minimum requirements tests or not. To evaluate the simple “OR” method, a simulation was set up to mimic the second test case (the first test case will obviously pass). Table I shows the simulation parameters based on 3GPP requirements [2].
TABLE I.  Simulation Parameters based on 3GPP Requirements

	CPICH_ Ec/Ior
	-9dB

	DPCH_Ec/Ior
	-12dB
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	TPC combining method
	The “OR” TPC combining method

	Cell 1 TPC commands over 4 slots
	{0,0,1,1}

	Cell 2 TPC commands over 4 slots
	{0,1,0,1}

	Propagation condition
	Multi-path fading case 3,

(0,-3,-6,-9),120km/h

	RAKE
	4 fingers with MRC

	Simulation time
	60000 slots


TABLE II.   Comparison of the Simulation Results and 3GPP Requirements

	
	Simulation results
	3GPP requirement

	Power up probability
	24.97%
	( 25%

	Power down probability
	75.03%
	(50%
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Figure 2.  The CDF of SINR in multi-path fading case 3.
Table II shows the simulation results of the tests using “OR” method. Apparently, the “OR” method fails to pass the test, since the fraction of ‘UP’ commands is just below the requirement (24.97% instead of 25%). However, this difference can be considered statistically. Therefore in practice an UE with the “OR” combining method could very well pass this test. This is troublesome, since Fig. 1 indicates that the “OR” method results in bad quality for many users.
Fig. 2 shows the cumulative distribution function (CDF) of the SINR of the recived TPC commands satisfying 3GPP requirements. It can be seen that, even at higher UE speeds, the average SINR is close to 6dB, which means the average TPC error probabilty (Pe) is close to 2.3% according to (1). 
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                                                           (1)

This implies that this test case is not bad rather it is too favourable. Even if the combining algorithm can fulfil the requirements, it does not mean that the combining algorithn will work well in reality.
3. Conclusions

This paper shows that the current 3GPP performance requirements on TPC combining in soft handover may lead to poor UL performance in case of straightforward implementation even though the 3GPP requirements are fulfilled. Thus, there is a need to improve the existing performance requirements and the test case in section 8.7.2 [2]. An investigation is going on to change the methodology of the test. 
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