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1 Introduction

In our earlier contribution in RAN4#47 we presented system simulation results to evaluate the impact of relaxed power control step size accuracy for some exceptions when UE transmit power crosses PA gain switches [1]. In the same meeting two power control step size relaxation models (Types A and B) and the corresponding hysteresis models were proposed [2]. The current accuracy requirements are defined in [3] and are ( 0.5 dB for 1 dB step size over the entire dynamic range. According to the proposed models the requirements (accuracy) could be relaxed from ( 0.5 dB to ( 1 dB or ( 1.5 dB for the exceptions cases. 

This contribution provides system simulation results in terms of uplink cell when the accuracy is relaxed according to the proposed models [2] for different number of exception cases. 

2 System Models

2.1 Simulated cases
The following cases in terms of power control step size accuracy are simulated to study the system impact:
Reference Case: ( 0.5 dB inaccuracy over entire power control dynamic range; this is according to current requirements in TS 25.101.
Exception Case 1:  2 gain switching points
· upward direction: (+1 dBm, +11 dBm)
· downward direction: (-2 dBm, +8 dBm)

Exception Case 2:   4 gain switching points
· upward direction: (-19 dBm, -9 dBm, +1 dBm, +11 dBm)
· downward direction: (-22 dBm, -12 dBm, -2 dBm, +8 dBm)

Exception Case 3:   6 gain switching points
· upward direction: (-39 dBm, -29 dBm, -19 dBm, -9 dBm, +1 dBm, +11 dBm)
· downward direction: (-42 dBm, -32 dBm, -22 dBm, -12 dBm, -2 dBm, +8 dBm)
In exception cases the power control accuracy applies according to table 1 and 2, which are reproduced from [2]. Thus each of the above 3 cases are simulated according to type A and type B accuracy models. 
Table 1: Type A - Transmitter Power Control Range for the exception

	TPC_ cmd
	Transmitter power control range

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	0.0 dB
	+2.0 dB
	+1 dB
	+3 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	0.0 dB
	-2.0 dB
	-1 dB
	-3 dB
	-1.5 dB
	-4.5 dB


Table 2: Type B - Transmitter Power Control Range for the exception

	TPC_ cmd
	Transmitter power control range

	
	1 dB step size
	2 dB step size
	3 dB step size

	
	Lower
	Upper
	Lower
	Upper
	Lower
	Upper

	+ 1
	-0.5 dB
	+2.5 dB
	+0.5 dB
	+3.5 dB
	+1.5 dB
	+4.5 dB

	0
	-0.5 dB
	+0.5 dB
	+0.5 dB
	+0.5 dB
	-0.5 dB
	+0.5 dB

	-1
	0.5 dB
	-2.5 dB
	-0.5 dB
	-3.5 dB
	-1.5 dB
	-4.5 dB


2.2 Inaccuracy modeling
A power hysteresis model according to [2] is also applied to the exception cases (type A and type B) when UE transmit power traverses the PA gain switch points. The summary of the hysteresis models is:
· In type A relaxation model, at a gain stage transition in the upward direction, a uniformly distributed error between 0 and 1.0 dB is applied on top of the power control command;

· In type B relaxation model, at a gain stage transition in the upward direction, a uniformly distributed error between 0 and 1.5 dB is applied on top of the power control command;
· In type A relaxation model, at a gain stage transition in the downward direction, a uniformly distributed error between -1.0 and 0 dB is applied on top of the power control command;
· In type B relaxation model, at a gain stage transition in the downward direction, a uniformly distributed error between -1.5 and 0 dB is applied on top of the power control command.
2.3 Simulation Parameters
The simulation parameters are listed in table 3 below. 
Only EUL is used for uplink data transmission; there is no DCH traffic in the system. The simulations are dynamic; users move and perform handovers.  
The node B sends UL TPC command to the UE after measuring UL received pilot signal. Thus the parameter, TPC delay in table 1, is defined as the time between measuring the UL pilot at the node B to the moment the UE applies the corresponding UL TPC command received from the node B. Hence, TPC delay is dependent upon cell range in addition to other factors such as UE processing time. For up to a moderate cell range (e.g. up to 35 km) a TPC delay of up to 2 slots is realistic. 
Table 3: Simulation parameters used in system simulation
	Parameter
	Value

	Network model
	7 sites; 3 sectors per site with wrap around. 

	Site-to-site distance
	1000 meters

	Channel model
	TU3

	Service
	Full buffer data

	Node B receiver type
	2 way receiver diversity

	TPC command error rate
	4%

	TPC step size
	1 dB

	TPC delay
	2 slots

	EUL TTI length
	2 ms

	BLER target
	1%

	Shadow fading correlation between cells
	0.5

	E-DCH modulation
	QPSK

	Carrier Frequency
	2.0 GHz (band I)

	UE maximum output power
	21 dBm

	Shadow fading standard deviation
	8 dB

	Maximum HARQ transmissions
	4

	EUL active set size
	3


2.4 Performance metrics
The performance metrics include:

· Average cell throughput

· UE ratio of gain stage switching occurrence every slot
· Indicates how many UEs have the gain stage switching occurrence in a slot
3 Simulation Results

3.1 Cell Throughput
Figures 1 and 2 show system results in terms of mean cell throughput as function of offered load in TU3 environment for type A and type B relaxation models respectively. The results are also summarized in table 3, where the cell throughput results are compared with the reference case at moderate cell load (4 users per cell). The reference case is based on current requirements (i.e. inaccuracy of ( 0.5 dB over the entire power control dynamic range). 
As depicted in table 4, mean cell throughput losses for ‘type A’ model are approximately 2%, 3% and 3% for 2, 4 and 6 exceptions respectively. The losses in case of ‘type B’ model are even larger since larger inaccuracy (( 1.5 dB) applies to exception cases. Throughput losses for ‘type B’ model are approximately 3%, 5% and 5% for 2, 4 and 6 exceptions respectively. Obviously system performance degrades with the increase of switching points, though no further degradation is observed beyond 4 switching points.
We observe that the throughput loss due to ‘type B’ model is quite significant even for 2 exceptions. In case of ‘type A’ model an for 2 exceptions the loss is less significant (1.5%), though it is still not negligible given the fact that simulation does not incorporate all impairments encountered in reality. Furthermore, simulations don’t cover all possible scenarios and channel environments. 
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Figure 1: Cell throughput in TU3 environment for ‘Type A’ model
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Figure 2: Cell throughput in TU3 environment for ‘Type B’ model
Table 4: Summary of results for TU3; cell throughput loss 
	Simulated cases
	Cell throughput (Mbps/cell)
	Throughput loss compared to reference case (%)

	
	Type A
	Type B
	Type A
	Type B

	Reference case: ( 0.5 dB inaccuracy 
	1.055
	1.055
	0
	0

	2 switch points
	1.035
	1.025
	( 2
	( 3

	4 switch points
	1.025
	1
	( 3
	( 5

	6 switch points
	1.025
	1
	( 3
	( 5


3.2 Gain Switch Occurrence

Figures 3 and 4 show the cumulative distribution of the ratio of UE encountering the gain switching point to the total number of UE in a slot in TU3 environment for type A and type B relaxation models respectively. 
Table 5, which summarizes results, shows that the gain stage switching occurs more often with the increase of switching points. The 50th percentile of UE ratio of gain switching in a slot for 2, 4 and 6 exception cases are approximately 11%, 25% and 26% respectively for both models. Thus we don’t see any noticeable difference between the two models in terms of UE gain switch occurrence statistics. The difference in system performance between the two models is due to different inaccuracies as described in earlier in section 3.1.
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Figure 3: Statistics of UE ratio of gain switch occurrence per slot for ‘Type A’
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Figure 4: Statistics of UE ratio of gain switch occurrence per slot for ‘Type B’
Table 5: Summary of results for TU3; gain switch occurrence
	Simulated cases
	50th Percentile of occurrence (%)

	
	Type A
	Type B

	2 switch points
	( 11
	( 11

	4 switch points
	( 25
	( 25

	6 switch points
	( 26
	( 26


4 Impact of E-TFC Restriction
In the system simulation E-FTCI selection is used. This means total change in power at the TTI boundary could be larger than 1 dB. In TS 25.101 [3] there are no accuracy requirements for change in power due to E-TFC restriction; requirements are defined only for change in TFC. Thus, at TTI boundary in practice due to possible larger step the inaccuracy would be larger than ( 0.5 dB (i.e. for 1 dB power step). In 2 ms TTI scenario, there can be larger change in power at most once every three slots but at most once every 15 slots in 10 ms TTI scenario. We therefore believe that in practice the system loss due to power control exceptions might be slightly lower than that shown in table 1. In the light of these results and analysis we agree to allow up to 2 exceptions.  
5 Conclusion and Recommendations
This contribution provides system simulation results to study the effect on the system performance of relaxing the power control step size accuracy for some exception cases. Our results and analysis reveal that the proposed models governing the power control accuracy in exception cases cause noticeable loss in cell throughput and system degradation. Although simulations are based on realistic scenarios but they still cannot take into account all possible aspects, which in practice would interact with the power control causing even further system degradation. 
However, power change at TTI boundary due to E-TFC restriction could larger change in power leading to larger inaccuracy at TTI boundary. Such inaccuracies are not applied in the simulations since there are no corresponding requirements in TS 25.101. Thus in practice the system loss due to exceptions would be slightly lower than that shown in our analysis. We therefore agree to allow up to 2 exceptions. But introduction of exceptions may also have impact on other requirements in TS 25.101. Secondly we strongly suggest that power control requirements are tested in extreme conditions. To summarize we recommend the following:

· Allow up to 2 exceptions in release 8. 

· All UE requirements in 25.101 affected due to the introduction of exceptions are updated.
· Testing of power control accuracy in RAN5 over temperature, frequency and battery supply voltage as analyzed in our previous paper.
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