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1. Introduction

In the RAN4 meeting #30 R’99 CR introducing a new test case for TPC combining in SHO handover was technically conformed [1]. The  test outlined in the CR consists of two separate parts. The aim of the first test is to verify that the UE uses only the reliable TPC commands to derive it’s transmit power. The second test aims to verify that the UE uses the TPC commands of both reliable sources when defining its transmit power adjustments. The definition ‘reliable’ refers to the definition of UE functionality given in Section 5.1.2.2.2.3 of [3] for combining TPC commands from different active set radio links. Based on this definition, the combined TPC command shall be 1 if the TPC commands from all the radio links are reliably “1”. Furthermore the combined TPC command shall be -1 if a TPC command from any of the radio links is reliably “0”. This definition allows UE to use some metric of reliability when deriving the output result of the combined TPC commands.  This CR was later approved by the RAN Plenary meeting #23. 

In RAN4 meeting a new proposal was made to further develop a test to fix a level,  up to which UE would need to consider the TPC commands as reliable [2]. In this paper we present some system simulation results of a system behaviour with UE’s having different TPC command rejection thresholds.  

2. Simulation assumptions 

In the simulations the effect of different TPC BER thresholds was studied. The simulations were performed with 3000 subscribers. Admission control was active and it was based on the UL/DL powers and thresholds. TPC Es/No versus BER 
table was used in generating TPC errors both in uplink and in downlink. BER thresholds of 5%, 10%, 15%, 20%, 25% and 30% were considered. Additionally, two reference cases were considered; one with the BER threshold of 100%  (all received commands are combined) and another one where no TPC errors were present and all received commands were combined. In the 100% BER threshold scenario, power commands are corrupted according to the probabilities in TPC BER table, but the rejection of commands is disabled. In the no TPC error scenario the TPC commands were assumed to be always correctly received by the UE.

The model of the TPC combining is as follows:

· UE measures DL DPCCH Es/No from each sector in the active set.

· The measured Es/No is mapped to a TPC BER so that connections with larger Es/No have smaller TPC BER.

· If the resulted TPC BER is larger than the selected TPC rejection threshold the TPC command is not taken into account when the power commands are combined.

· An error is added to the received TPC commands. If an uniformly distributed random number is larger than the TPC BER the TPC command is inverted.

Also the effect of variation of different SHO parameter values on the results was tested. These SHO parameters were the maximum active set size (small/large) and SHO window (small/large). The maximum active set size was either 3 or 6.  The simulated SHO window sizes were  [Add:10.5dB, Drop: 10.5dB](here on referred as Large SHO window, “L”) and [Add:2.0dB, Drop: 4.0dB] (here on referred as Small SHO window, “S”). The large SHO window size was selected to maximise probability that UE would in soft handover, which on the other hand would allow us to investigate rather worst case scenario from the performance perspective. The small SHO window size was selected to evaluate more realistic situation. Table 1 contains the main parameters used in the simulations. 

Table 1: Main parameters of the simulations.

	TPC BER threshold [%]
	5, 10, 15, 20, 25, 30, 100 and  no error / no rejection

	Maximum active set size [-]
	3, 6

	SHO window (AddWindow, DropWindow) [dB]
	[10.5, 10.5], [2.0, 4.0]


3. System simulation results

In this section we present the simulations results for different TPC rejection thresholds.  The results generally show that the SHO window size affects the variation of statistical values between rejection thresholds. As the window is decreased, the curves of different thresholds get closer to each other. This is obvious since when using larger SHO window, there are more “poor” links in soft handover. Thus, the rejection of TPC commands has more effect and there is more variation in the results.

Figure 1 shows the average UL TX power behaviour with different maximum active set sizes and SHO windows. At the large SHO window size the 100% threshold would seem to be giving the lowest transmit power. This is as expected as it is likely that the “poor” DL connections in SHO would mostly be requesting more power also in UL (“UP”-commands). More frequent errors (due to bad DL conditions) on the other hand would invert these “UP” commands to “DOWN” commands resulting in lower UL transmit power.  With more reasonable SHO parameters the lowest UL TX power is given by the ‘ideal’ UE, but the different thresholds are within few dB’s from each other.  
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Figure 1. Average UL TX power with different active set and SHO window sizes

Figure 2 gives average CRC error rates in UL. The average CRC error rates are nearly equal in all the cases. Though the 100% threshold shows some degradation compared to the others. This is evident as the UE UL transmit power is not sufficient in SHO handover due to erroneous power commands as seen in Figure 1. 
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Figure 2. Average UL CRC error rate with different active set and SHO window sizes

Figure 3 shows the noise rise with different SHO settings. As could be expected based on the Figure 1, the noise rise is the lowest for the 100% BER threshold case.  However, as shown in Figure 2 UL CRC error rate was also high in this case. With a more realistic SHO window size (Small), the ideal TPC reception offers the lowest noise rise as expected. However, it is impossible to say which one of the BER thresholds is the best when TPC errors were present in the simulations since none of the thresholds gives a clear benefit over the others (i.e. the lines cross each other).
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Figure 3. Average UL noise rise with different active set and SHO window sizes

Figure 4 shows an average active set size for the maximum active set sizes of 6 and 3 and SHO window sizes of  “Small” and “Large”. It can be seen that the average active set size is more or less the equal for all the BER thresholds and also for the case without TPC errors. Hence in this respect the results are comparable..
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Figure 4. Average active set size with different active set and SHO window sizes
4. Conclusions

In this document we have presented a small set of system simulation results  for different TPC combining thresholds.  The system performance was investigated with different maximum active set sizes and   SHO windows. We can see that with the TPC rejection thresholds that provide nearly equal UL CRC error rates the UL noise rise does not significantly differ from each other when more realistic SHO window sizes are used. If the SHO window size is increased (i.e. the probability of UE being in SHO increased), the impact of TPC rejection threshold on UL noise rise is also increased. By looking e.g. at the noise rise results only it would seem as large TPC BER threshold would provide the best  system performance. However, by observing the other performance measures we can see that UL quality is decreased when the TPC BER threshold is increased. Low TPC BER thresholds provide good UL quality at the cost of increased UL transmit power. As an overview it can be said that if we select realistic SHO handover parameters, there is no major differences between different TPC rejection thresholds (from 5 to 30 percentages) from the system performance perspective. It is also to be noted that these simulations do not cover all the situations UE may face in real networks. Therefore, the UE needs to  be able to cope with variety of other conditions, which are not considered here. In order to achieve as good system performance as possible some implementation freedom should be left in order to allow UE vendors to design robust algorithms for the TPC combining in SHO. 
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Annex A Simulation assumptions

Table 2: Used simulation assumptions

	 Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal cell grid
	9 BSs and 18 sectors

	Cell radius
	666 m
	Corresponds to the BS-to-BS distance of 2 800 m.

	UE speed
	3 km/h
	This is a constant speed.

	CPICH power 
	33 dBm


	Corresponds to 2 W. 10 % of the max TX power level of the BS.

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	The correlation in the slow fading between the sectors. The UE experiences the same kind of slow fading in the area of the correlating sectors, i.e. the fading is not entirely random.

	Correlation between BSs
	0.5
	The correlation in the slow fading between the BSs.

	Correlation distance of slow fading
	50 m
	This parameter defines the maximum distance within which the UE experiences correlated slow fading to a sector.

	Carrier frequency
	2000 MHz
	

	Minimum path loss
	70 dB
	

	BS antenna gain
	18 dB
	

	Noise power in the receiver for downlink 
	-100.1 dB
	Thermal noise (-108.1 dB) + the receiver noise 8 dB.

	Noise power in the receiver for uplink
	-103.1 dB
	Thermal noise (-108.1 dB) + the receiver noise 5 dB.

	BS Tx power per link
	33 dBm
	Corresponds to 2 W

	BS total Tx power
	43 dBm
	Corresponds to 20 W.

	UE Tx power max
	21 dBm
	Corresponds to 125 mW

	P Tx Target
	40 dBm
	

	P Tx Threshold
	15 W
	

	P Rx Target
	-97.1 dBm
	

	P Rx Threshold
	-96.1 dBm
	

	Dynamic range
	30 dB
	

	Active set size
	[3, 6]
	The maximum size of the active set for the UE in soft handover.

	Window add
	[2, 10.5] dB
	The threshold difference after which a BS is added to the active set if the signal from it is at maximum this far from the signal from the current best sector.

	Window drop
	[4, 10.5] dB
	The threshold difference after which a BS is removed from the active set if the signal from it is this much worse than the signal of the current best sector.

	Window replace
	2 dB
	Threshold for branch replacement when the destination set is full. 

	Add timer
	 100 ms
	This is the time how long the signal of the BS has to be above the add window before the BS is added to the active set.

	Drop timer
	640 ms
	This is the time how long the signal of the BS has to be below the window_drop before the BS is dropped from the active set.

	Replace timer
	100 ms
	

	Ec/Io Filter coefficient
	0.009
	Corresponds to a 200 ms moving average filter.

	Frame length
	10 ms i.e 15 slots
	One TTI is two radio frames (20 ms).

	Number of subscribers
	3000 
	

	Call arrival rate
	0.005 calls/second/terminal
	

	Minimum call length
	1 s
	

	Average call length
	120 s
	

	Simulation time
	36 000 slots (4 minutes)
	

	Service
	16 kbps speech
	

	Admission control
	Based on UL/DL power targets and thresholds
	

	Channel models
	Single tap Rayleigh fading channel. 
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