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1. Introduction and Background

In order to ensure proper system behaviour, the UE shall combine ‘reliable’ and reject any ‘unreliable’ TPC commands when combining them in soft handover. This requires that the UE set some threshold, until which the TPC command would have to be combined. The aim of this paper is to show the system impact of setting different TPC command thresholds. The paper also describes the scenarios in which this situation can occur. 

2. Discussion

According to the TPC command combining algorithm-1 in section 5.1.2.2.2 [1], the UE should combine only the ‘reliable’ TPC commands in soft handover. At high TPC error rate (30% or more), the commands are considered to be ‘unreliable’ and should be rejected as guaranteed by the existing test case 1 in section 8.7.3 [2]. On the other hand it is ensured by test case 2 in section 8.7.3 [2] that the UE combines all the commands and does not only listen to the strongest cell in soft handover. Thus the current TPC combining test cases adequately covers the two extreme cases, which were necessary for early releases as well.

This document discusses that in order to reduce unnecessary interference at the base station the UE in soft handover should combine the ‘reliable’ TPC commands at some moderate TPC error rate (x% in Figure 1). Figure 1 illustrates that at moderate TPC error rates, the combining of TPC commands is not currently tested. The consequence of not having this test case is that the UE may reject the TPC commands at any error rate above 5% (grey area in Figure 1), causing interference in the network.     
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Figure 1. Consideration of TPC commands in soft handover.
2.1. Scenarios

In soft handover the error rates on the TPC commands received by the UE from different radio links may be different. Depending upon the UE implementation it is possible that the UE rejects the worst TPC commands (with lowest signal quality). In such implementation the command(s) could also be rejected if the error rate of the TPC command(s) ( x% in figure 1.  
3. System Impact

The system performance of rejecting the TPC commands at different command error rate is evaluated using a system simulator. The simulated area consists of 7 three-sectored sites; 3 cells per site with wrap around to prevent border effect. The path loss between the mobile and the site includes distance attenuation, antenna gain fast fading and shadow fading. The distance attenuation is estimated using Okamura-Hata propagation model. The channel model used is a 10-tap 3GPP-TU [3]. The users are generated according to the Poisson process. Users are admitted without any admission control but are dropped if their received uplink or downlink BLER is 5 times higher than the target BLER for 10 consecutive frames. 

3.1. TPC Error Model

Theoretically the TPC error probability (Pe) is obtained from the following relation:
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Where SNRTPC is the signal-to-interference plus noise ratio of the received TPC commands after all possible combining.

3.2. Simulation Parameters

Table 1 provides an overview of the important parameters used in the simulation.

Table 1. System parameters

	Parameter
	Value
	Unit

	Three-sectored sites [sectors]
	7 [21]
	

	Cell radius
	500
	m

	Site-to-site distance
	1500
	m

	Channel model
	3GPP-TU
	

	Log-Normal shadow fading: standard deviation
	8
	dB

	UL Receiver noise level
	-99 
	dBm

	DL Receiver noise level
	-103
	dBm

	Average user speed
	0.833 [3]
	m/s [km/hr]

	Service: speech with full activity
	12.2 
	kbps

	TTI
	20
	ms

	Mean call duration (exponential call holding time)
	90
	sec.

	BLER target 
	0.7
	%

	Initial SIR target (BLER: 0.7%)
	1.9
	dB

	UL SIR estimation error
	3
	dB

	DL SIR estimation error
	5
	dB

	Maximum power budget in a cell
	20
	watts

	Common channel power 
	4
	watts

	Maximum power per channel
	2
	watts

	Maximum UE power 
	21
	dBm

	Minimum UE power
	-50
	dBm

	DL TPC power offset (w. r. t. DPDCH)
	3
	dB

	Power control step size 
	(1
	dB

	DL/UL Power control delay
	2 (1.33)
	time slots (ms)

	Maximum soft handover links
	3
	

	Threshold to add soft handover link
	2
	dB

	Threshold to delete soft handover link
	4
	dB

	Threshold to replace soft handover link 
	2
	dB


3.3. Simulation Results

The TPC combining algorithm generates ‘UP’ command only if all the TPC commands are ‘UP’. Fewer TPC commands used in the combining process means that the UE would increase its power with higher probability. Higher UE transmit power leads to higher uplink interference. In other words the discarding threshold will impact the uplink interference. Thus the performance criterion used in this analysis is the uplink noise rise versus the offered load. Figure 2 shows the uplink noise rise observed for different discarding threshold in terms of TPC command error rate. The uplink noise rise is measured as follows: The uplink interference is averaged over all the cells (21) on linear scale. The uplink noise rise (() is then estimated as the ratio of the average uplink interference to the uplink noise on linear scale. In Figure 2, ( is expressed in dB. 
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Figure 2. Uplink noise rise for different TPC command error rates discarding thresholds.
The figure shows that at low and moderate load the uplink noise rise is insensitive to the TPC discarding threshold. At higher system load the probability of sending an UP command by the base station would increase, which eventually makes the uplink noise rise more sensitive to the discarding threshold. As shown in the figure, at higher load (70 users/cell) the uplink noise rise increases by almost 15 dB if the discarding threshold is decreased from 20% to 10%. In other words higher interference will be experienced at the base station if the UE starts discarding the TPC commands, which in reality should be regarded as ‘reliable’.   

3.4. Impact on Capacity and Coverage

The admission control is based on both downlink transmit power and uplink received interference level. At high uplink received interference, the admission control will limit the setup of new calls (or soft handover radio links), which should result in capacity loss. Furthermore, at such a high interference level the user at the cell border will have to transmit excessive power resulting in coverage degradation. 

4. Conclusions

In soft handover the UE is required to combine only the ‘reliable’ TPC commands, thereby setting some discarding threshold to identify and reject the ‘unreliable’ commands. This contribution has provided the uplink noise rise figures for different discarding thresholds expressed in terms of the TPC error rates by means of simulation. The results show that if the discarding threshold is set too low (e.g. 10%, 15%) then at higher traffic loads the uplink noise rise is significantly higher. Higher noise rise means higher interference to the neighbouring cells, which could lead to capacity loss.  As this aspect is not currently covered by 3GPP there is a risk that such UE behaviour may adversely affect the performance in real networks. As this situation occurs at higher load, hence the corresponding test case would be seen as an improvement of the open release (Rel-6). 
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