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Abstract:
This contribution presents simulation results that show significant degradation of the performance due to the wind-up effect if no specific algorithm is implemented in the UE to avoid it (4 dB and it could be much larger). However, with a dynamic algorithm preventing the wind up effect, as the Alcatel algorithm, we show that the performance can be close to the performance when no power limitation occurs. Therefore, we propose to add a test for wind up effect in TS 25.101.

1 Introduction

At the RRM ad-hoc meeting, it has been decided to include a test in WG4 specifications verifying that the SIR target of the UE doesn’t increase too much when the transmit power limitation of a Node B occurs. Indeed, when this limitation is removed, the SIR target may be much higher than the SIR target required to respect the QoS so that the Node B will waste transmit power and will increase the interference level of the cell. 

The performance degradation was shown to be significant in [1] and the need to specify a test for wind-up effect was recognised during the last 3GPP RAN WG4 meeting. In order to define appropriate values for the test, some simulation parameters were agreed and are summarised in clause 6.

In this contribution, we show simulation results in the conditions agreed in [2] and propose some parameters for the wind-up effect test. We also show that a specific algorithm can significantly reduce the performance degradation due to wind-up effects. The tested algorithm is fully dynamic and does not rely on any hypothesis on the UE speed, environment or target SIR range. Therefore, such algorithm is realistic and can be implemented in a UE.

Thus, we recommend that test for wind-up effect is specified in TS 25.101.

2 Simulation conditions

2.1 Test

The principle of the proposed test is the following :

Figure 1: Outer loop power control test

· During a period T1 (16.5s) , no restriction is set on DL transmit power,

· During a period T2 (5s), the DL transmit power is limited to X or (X-3) dB, Pmax being below the maximum transmit power that would be required to have the best performance as possible. Note the BLER and the raw BER are monitored during T2 in order to verify that the performance of the link is not such bad that there is a risk for a lost link. The raw BER is given to indicate the error rate on downlink TPC bits (no channel coding is applied on these bits).

· During a period T3 (0.5s), the DL transmit power is not limited anymore and we measure the average transmit power and the BLER.

· These 3 steps are reiterated many times in order to have a sufficient accuracy. Note that the step 1 enables to recover a SIR target close to the nominal SIR target (i.e. the SIR target when the DL transmit power is not limited) after each period T2 (at least when a specific algorithm is implemented against wind-up effects).

Note that X is defined as the average transmit DPCH_Ec/Ior when there is no power limitation. It is fixed with a reference test.

Considering these simulation conditions, several tests have been performed:

· First, a test with no power limitation used as a reference.

· Then, a test with a limitation to X dB of the downlink transmit power of the Node B during T2.

· Another test with a limitation to (X – 3) dB of the downlink transmit power of the Node B during T2.

· All these tests were reiterated with the algorithm preventing the wind up effect.

2.2 Parameters

Detailed simulation parameters can be found in annex. In this clause, we only recall the main parameters of the closed loop power control.

The simulations have been performed in downlink, in case 4 environment [3] and with both inner-loop and outer-loop power control algorithms. The inner-loop power control is the standard one with step size 1 dB. The outer-loop power control algorithm is a simple algorithm that works quite well for medium and large BLER: each time a transport block is decoded, we update the target SIR as follows:

· If the block is correct (CRC success), the SIR target is decreased by Step_Down.

· Otherwise, the SIR target is increased by Step_Up.

Where Step_down and Step_up fulfil: 

Step_down * (1-BLERtarget) = Step_up * BLERtarget

In the simulation results presented in this contribution, we set these parameters to the following values:

· BLERtarget = 0.01

· Step_up = 1 dB

· Step_down = 0.01 dB

An additional algorithm has also been implemented in order to prevent wind up effect. This algorithm is fully dynamic and does not rely on any hypothesis on the UE speed, environment or target SIR range.

3 Simulation results

· First, simulations have been run with no power limitation (even during T2) in order to have a reference. Results are shown in Table 1. Since there is no power limitation, there is obviously no gain to have an algorithm avoiding wind up effect in this case, as shown in Table 1. There is also no degradation of the algorithm in this case.

Simulation Outputs
Without an algorithm to avoid wind-up effects
With an algorithm to avoid wind-up effects

No power limitation - Reference

Average 
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 (dB)
-16.8
-16.8

Average BLER during periods T3
0.01
0.01

Average BLER (all periods T1, T2 and T3)
0.01
0.01

Table 1: Reference (no power limitation during T1, T2 and T3)

· Then, simulations have been performed according to the test defined in clause 2.1 and as described in [2], with a power limitation during period T2 equal to the average 
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 (–16.8dB). Results are shown in Table 2.

Simulation Outputs
Without an algorithm to avoid wind-up effects
With an algorithm to avoid wind-up effects

Power limitation: 
[image: image3.wmf]or

c

I

E

DPCH

_

< -16.8 dB

Average raw BER during   periods T2
0.09
0.09

Average BLER during periods T2
0.03
0.03

Average 
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 (dB) during periods T3
-12.7
-16.5

Average BLER during periods T3
<< 0.01
0.009

Table 2 : Power limitation at X dB during T2

· Then, simulations have been performed according to the test defined in clause 2.1 and as described in [2], with a power limitation during period T2 equal to 3 dB below the average 
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 (–19.8 dB). Results are shown in Table 3.

Simulation Outputs
Without an algorithm to avoid wind-up effects
With an algorithm to avoid wind-up effects

Power limitation: 
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 < -19.8 dB

Average raw BER during   periods T2
0.1
0.1

Average BLER during periods T2
0.12
0.12

Average 
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 (dB) during periods T3
-1 dB
-16.1 dB

Average BLER during periods T3
<< 0.01
0.005

Table 3 :Power limitation at (X-3) dB during T2

In this last case, without any algorithm to counteract wind-up effects, the outer-loop power control algorithm is not enable to recover the required target SIR after periods T1 and therefore the average DPCH_Ec/Ior diverges towards 0 dB.

4 Conclusion

This contribution presents simulation results that show significant degradation of the performance due to the wind-up effect if no specific algorithm is implemented in the UE to avoid it (4 dB and it could be much larger). However, with a dynamic algorithm preventing the wind up effect, as the Alcatel algorithm, it is shown the performance can be close to the performance when no power limitation occurs.

It is proposed to set-up a test for wind up effect in 25.101, and to specify a margin of 1dB on 
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 requirement, compared to the reference value without power saturation.

5 Reference

[1] : R4S000041. Test for downlink outer loop power control. (Alcatel)

[2] : R4S000051. Simulation assumptions for DL power control, wind up effects (RAN4 ad-hoc)

[3] : TS25.101 V3.2.0. UE Radio transmission and Reception (FDD).

6 Annex: detailed simulation parameters

Parameters
Values, assumptions, …

Service
Speech

Carrier frequency
2 GHz

Channel
Case 4 as defined in [4]

Link direction 
Downlink

Chip period
0.260 s

Inner-loop power control
- Infinite dynamic range except during period T2 where the transmit power is limited to Pmax = X dB or X-3dB.

- One-slot delay

- Step size of 1 dB.

- SIR estimation: the useful signal power is assumed to be perfectly known (as the channel) and the interference is dynamically estimated.

Outer-loop power control
- T1 = 16.5s (24750 slots)

- T2 = 5s (7500 slots)

- T3 = 0.5 s (750 slots)

Rake receiver
2 fingers.

An ideal path searcher with fixed delays is used. The oversampling rate is the chip rate.

Channel estimation method
An ideal channel estimation is used.

Coding
Convolutional coding

Constraint length 9, rate 1/3, 8 tail bits

Antenna diversity
None (receiver and transmitter)

Downlink Physical Channels and Power Level
CPICH_Ec/Ior
= -10 dB


PCCPCH_Ec/Ior
= -12 dB


SCH_Ec/Ior
= -12 dB


PICH_Ec/Ior
= -15 dB


OCNS_Ec/Ior
= Power needed to get total power spectral density (Ior) constant


DPCH_Ec/Ior
= power needed to get meet the required BLER target

Îor/Ioc
5 dB

Information bit rate
12.2 kbps

Physical channel rate (DPDCH)
45 kbps (spreading factor = 128)

DPCCH/DPDCH power
0 dB

Number of blocks per TTI
1

CRC / block
16 bits

TTI
20 ms

Overhead (dB)
6.92

Coding rate
0.38

Channel coding and multiplexing

- Number of info bits per TTI

- CRC addition

- Channel coding

- Rate matching

- DTX indication bits insertion

- First interleaving

- Radio frame segmentation

- Transport channels multiplexing

- Physical channel segmentation

- Second interleaving
244

244 ( 260

260 ( 804

804 ( 688 (116 punctured bits)

688 ( 688 (no DTX)

688 ( 688
688 ( 344 (2 frames per TTI)

344 ( 420 (76 bits DCCH)

420 ( 420 (1 DPDCH)

420 ( 420

Number of bits per slot

- DPDCH

- DPCCH
28

12  (Pilot: 8, TPC: 2, TFCI: 2)

Table 4 :Detailed simulation parameters
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