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1.
Introduction

At RAN1 #73 meeting [1] a new network performance optimization was proposed, within study item “DCH Enhancements for UMTS”, to minimize the interference in the network after a power limitation occurs. The proposed technique consist in, after the end of wind up is detected, setting the SIR target value as close as possible to the SIR target just before the wind up situation occurs. In this document, link level simulation results and proposals to be discussed for RAN1 to optimize power control in wind up situations are detailed.

2.
Simulation assumptions
Downlink link level simulations are performed.
2.1 General simulation assumptions

The general simulation assumptions are given in Table 1 as follows:
Table 1: General Simulation Assumptions for downlink link-level simulations

	Parameter
	Value

	Carrier frequency
	2100 MHz

	NB antenna configuration
	1 Tx

	UE antenna configuration
	1 Rx

	Channel model
	3GPP PA3, PB3, VA3, VA30, VA120 and Case 4

	TBS
	AMR 12.2 Kbps for DCH

	BLER
	1 %

	SCH Ec/Ior
	-11 dB

	Modulation
	QPSK

	Channel coding
	1/3 Convolutional

	UE Receiver Type
	Ideal RAKE

	Channel Estimation
	Ideal

	Power Control
	ON

	Power Control Inner Loop
	ON

	Power Control Outer Loop
	ON

	ILPC step
	1 dB

	OLPC step up
	0.5 dB

	OLPC step down
	0.05 dB

	OLPC algorithm
	Classic step algorithm


Typical 3GPP channel models for RAN1 evaluations are simulated (PA3, PB3, VA3, VA30, VA120) and 3GPP Case 4 channel model is also used since it is specified in the 3GPP test performance [2].
2.2  Wind up simulation parameters
Using the general assumptions described in Table 1, the Wind up simulation is performed on 3 stages following the procedure described in 3GPP RAN4 test performance [2]. 

In this simulation the maximum downlink power for the dedicated channel is limited and then released, measuring the Ec/Ior after wind up. 
Table 2 shows the specific parameters for testing the wind up [2]. In the stage 3, the time to measure the Ec/Ior level has been increased with respect to the 3GPP original value from 0.5 to 5 seconds to include in the measurement the period after the end of power limitation. 
Table 2: Simulation parameter for wind-up
	Parameter
	Test 1
	Unit

	
	Stage 1
	 Stage 2
	Stage 3
	

	Time in each stage
	5
	5
	5
	s
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	-60
	dBm/3,84 MHz

	Maximum_DL_Power (Note 2)
	7
	min(-6.2, P) Note 1
	7
	dB

	Minimum_DL_Power (Note 2)
	-18
	dB

	Limited Power Increase
	"Not used"
	-

	NOTE 1:
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 power ratio is measured during the initialisation stage after the power control loop has converged before the actual test starts.

NOTE 2:
Power is compared to P-CPICH.


3.
Simulations
In the simulations different scenarios related to the wind up situation are considered using the parameters described on section previous 2. 
3.1. Simulated scenarios 

3.1.1. 3GPP test compliant, no wind up detection
Since the 3GPP defines a requirement [2] for the UE in wind up situations, the objective of this scenario is to simulate a basic mechanism to fulfill this performance test without any specific windup detection. This is achieved by setting tight constrains on the SIR target range. 
This test establishes a limit for the Ec/Ior level after a power limitation occurs to which all UEs should be compliant with in 90% of the simulations as shown in Table 3.
Table 3: 3GPP requirement in downlink power control, wind-up effects

	Parameter
	Test 1, stage 3
	Unit
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	-13,3
	dB


Without windup detection, the SIR target during a power limitation increases until it reaches its maximum value during stage 2 of Table 2. 
The maximum SIR target for this simulation is set to 6.4dB to satisfy that the Ec/Ior after wind up is lower than the requirement showed in Table 3.
3.1.2. Wind up detection and SIR target blocking 
Previous mechanism can be improved by blocking the SIR target when a wind up is detected by the UE. This reduces the SIR target increment during a power limitation, obtaining better results than the minimum performance required by 3GPP. 
There are several techniques in the literature to detect a power limitation and modify the SIR target to minimize its impact in the OLPC. In this simulation, a widely known method based on the difference between SIR and SIR target has been chosen. It is noteworthy that other wind up detection methods could be considered since the aim of this simulations is to achieve a general conclusion not specific of the detection mechanism itself.
The UE assumes that the Node B is power limited when the difference between the measured SIR and the SIR target is bigger than a defined wind up detection margin, that is:  
SIR - SIRtgt > Windup Detection Margin
(  UE in Wind up situation

The mentioned Wind up detection margin is set to 1.5dB for these simulations. 
Due to the fast fluctuation in measured SIR, it is common to average SIR samples over a measuring period to eliminate the fast fading no compensated by the inner loop. In this scenario, SIR and SIR target are measured over a 0.5 second window.
In the same way, when the difference between the measured SIR and the SIR target is less than the wind up detection margin the UE assumes that the power limitation in the Node B has finished, that is: 

SIR - SIRtgt < Windup Detection Margin 
(  UE not in Wind up situation

When the UE detects wind up, the SIR target is blocked in the outer loop power control until the end of wind up is detected as described above.

In this scenario, the SIR target increases until it is blocked when the wind up is detected. This delay corresponds to the window length described above for measuring the SIR during 0.5 seconds. A shorter averaging length allows a faster detection and consequently a lower SIR target increment, but if this length is too short, the channel fading may be wrongly identified as wind up leading to a bad outer loop performance and higher BLER. To avoid these undesirable situations and fulfill this tradeoff a 0.5s wind up detection window has been selected. 

3.1.3. Wind up detection procedure and SIR target reset
A wind up detection method as the previous one exposed in section 3.1.2 highly improves the performance over the basic 3GPP requirement. However, it still presents the problematic that the UE does not have an instantaneous knowledge of a power limitation in the NodeB and thus, it requires a detection period during which an unnecessarily increment of SIR target will take place. To avoid this effect, we proposed an optimization in [1] consisting of setting the SIR target after a power limitation equals to the required in normal mode without the limitation. 

In this scenario, the beginning and the end of wind up is detected based on the difference between SIR and SIR target in the same way as in previous scenario described in section 3.1.2, and during the power limitation the SIR target is blocked.
The SIR target after the end of power limitation is detected is set to the value of SIR target recorded 0.5 seconds before detecting the beginning of power limitation, this value is a guard period between the beginning of the power limitation and its detection. That is:

SIR target [end power limitation] = SIR target ( t [beginning of power limitation] – 0.5s)
3.2. Simulation results
The next figures from 1.1 to 1.6 show the measured Ec/Ior during the 5 seconds after the end of wind up of the 328 simulations (as defined in [2]) executed using the parameters described on section 2 for each scenario. Each box contains a central mark for the median, and the edges of the box are respectively the 25th and 75th percentiles of data points.
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Figure 1.1: Simulation results for channel Case 4
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Figure 1.2: Simulation results for channel PA3
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Figure 1.3: Simulation results for channel PB3
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Figure 1.4: Simulation results for channel VA3
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Figure 1.5: Simulation results for channel VA30
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Figure 1.6: Simulation results for channel VA120
Table 4 summarizes the mean of Ec/Ior for each method of the simulation results shown in the above figures from 1.1 to 1.6. 
Table 4: Simulation Results for Ec/Ior after wind up
	Mean Ec/Ior (dB) in stage 3
	
	

	Channel 
	No WU detection 
	Wind up detection
	Detection and SIRtarget reset

	Case 4
	-15.0
	-17.1
	-18.7

	PA3
	-15.1
	-17.3
	-19.0

	PB3
	-15.9
	-17.9
	-19.8

	VA3
	-15.7
	-17.9
	-19.7

	VA30
	-15.7
	-17.7
	-19.5

	VA120
	-15.8
	-17.9
	-19.4


Table 5 summarizes the mean of Ec/Ior levels of the 328 simulations during stage 1 of Table 2 (5 seconds) before entering the wind up. These values are the Ec/Ior levels for each channel in stable conditions, when the convergence of the outer loop is completed. 
Table 5: Simulation Results for Ec/Ior before wind up
	Mean Ec/Ior (dB) in stage 1

	Case 4
	-18.6

	PA3
	-19.2

	PB3
	-19.9

	VA3
	-19.8

	VA30
	-19.7

	VA120
	-19.6


The increment in values in Table 4 with respect to the values in Table 5 are consequence of the not ideal behaviour of the anti windup mechanism. Therefore values in Table 4 should be as close as possible to the values in Table 5 to avoid undesirable interference and power waste.
Results in the first column of Table 4 correspond to a UE meeting 3GPP requirement though with no windup detection. In this case the SIR target increases until reaching its maximum value during stage 2 of Table 2, which is much higher than the Ec/Ior in normal mode shown in Table 5.
In the second column of Table 4 the results for windup detection scenario can be seen. The windup is detected as described in 3.1.2 and the SIR target is blocked during stage 2 providing a big gain with respect to the previous 3GPP scenario due to the blocking improvement. However, the SIR target increases from the beginning of the wind up to its detection due to the window delay. This increment leads to a Ec/Ior value after the power limitation still higher than needed in comparison to values in Table 5.
The third column of Table 4 shows the results for the SIR target reset strategy proposed as described in section 3.1.3. The SIR target is set to the value recorded 0.5 seconds before the windup was detected. This improvement leads to Ec/Ior values after wind up similar to the ones shown in Table 5 in stable conditions minimizing the impact of power limitation.
Table 5 shows the gains of the proposed SIR target reset optimization comparing the Ec/Ior levels in Table 4 to 3GPP requirement and wind up detection with SIR target blocked without reset. 
Table 6: Ec/Ior gains (dB) for SIR target resetting optimization
	Channel 
	Gain vs No WU detection
	Gain vs WU Detection

	Case 4
	3.7
	1.6

	PA3
	3.8
	1.7

	PB3
	3.9
	1.9

	VA3
	3.9
	1.8

	VA30
	3.8
	1.8

	VA120
	3.7
	1.6


In average, the optimization gains are around 4 dB with respect to the 3GPP requirement with no detection and 1.7 dB with respect to the wind up detection case considered in these simulations. By just resetting the SIR target, this optimization provides big gains with respect to 3GPP requirement and also substantial gain compared to the wind up detecting procedure. 
4.
Conclusions

Simulations results demonstrate that in power limitation situations there is a margin to improve the performance of outer loop power control. Two main conclusions can be derived from the simulations:

· The results compared against the minimum 3GPP requirement show that mentioned requirement is not very demanding and leaves a great margin for optimization (almost 4dB). Although manufacturers are open to optimize this requisite, one of the objectives of the 3GPP standard group is to specify minimum UE performance requirements to avoid penalizing networks capacity.  
· A simple anti wind up mechanism for blocking the SIR target has been simulated as an example of improvement with respect to the 3GPP requirement. Ec/Ior values decrease significantly in this scenario, but there is still a margin for improvement due to the Ec/Ior increment until wind up is detected.
Based on the results described above, we proposed to RAN1 some alternatives to be considered for improving the UE performance in power limitation scenarios:
· Do not make any modification with respect to current situation and maintain the 3GPP performance requirement.
· Pros: It does not require any change.

· Cons: The terminal requirement will continue as in [2] and despite the fact that manufacturers can improve the UE performance in wind up, there could be some UEs with poor performance which meet the 3GPP requirement and waste about 4 dB in the wind up convergence process.   
· Standardize new signaling from the NodeB to UE to indicate the beginning and the end of a power limitation period. A possible action point is to send an LS to RAN2 to study this possibility. 
· Pros: The SIR target does not increase during the wind up detection, solving the problem of wind up detection delay described in section 3.1.2. This way there is no need to use a wind up detection procedure because the UE has knowledge of power limitation in the NodeB. 
· Cons: It requires a change in the standard to specify new signaling from the NodeB to UE and consequently the downlink signaling load will increment.    
· RAN1 standardize the SIR target reset procedure after wind up. 

· Pros: The SIR target does not have to converge after the wind up obtaining gains up to 4dB comparing to the actual 3GPP performance requirement. 
· Cons: It is needed to define a trigger to indicate the end of power limitation to allow specifying the SIR target reset procedure. The wind up detection procedure is not standardized and thus standardizing a mechanism to reset the SIR target after the power limitation could be not possible. 
· RAN1 send an LS to RAN4 to change the conformance test TS 34.121 [2] to tighten the requirement in downlink power control defining it in relative terms. It implies changing the absolute requirement defined in Table 7 to a relative value with respect to the level measured in stage 1 of Table 2. By defining it in relative terms the requirement can be fine adjusted to all UE performance. The requirement will be as follows:

The downlink 
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 power ratio values, which are averaged over one slot during stage 3, shall be between the values specified in Table 7 at least 90% of the times.
Table 7: Requirements in downlink power control, wind-up effects

	Parameter
	Test 1, stage 3
	Unit
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*The most adequate value for the margin with respect to the Ec/Ior level before wind up is to be defined by RAN4.
· Pros: It ensures good UE performance in power limitation situations. It leaves open to manufacturers the choice of the wind up improvement methods.  
· Cons: It requires a change in the standard test definition; in particular, it implies changing the absolute requirement defined in Table 3 to a relative value with respect to the level measured in stage 1 of Table 2. 
Proposal: It is proposed that RAN1 discuss the proposed alternatives and capture the decision and conclusions in the corresponding TR.
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