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1
Introduction

The use of compressed mode for measurements on other frequencies, modes and systems is necessary to avoid expensive and power consuming receiver structures. The major drawback when using compressed mode in the uplink is the performance loss due to the limited output power of the UE. The schemes, such as modifying the spreading factor or the channel coding, compresses the information in time but needs to be transmitted with a higher power in order to maintain the targeted bit-error-rate (BER) or frame-error-rate (FER).

2 Cell border

The problem of limited output power at the UE is most severe at the cell border. Here, the transmission power of the UE is already used at its maximum, which corresponds to a case without power control. If the UE were not operating at maximum power all the time, it would be possible to move further away from the BS until the maximum power is used. Now, when compressed mode is to be used, there is no power left to keep the targeted BER or FER.

Note that this is a somewhat simplified picture of what the cell border actually means. However, it is a useful approximation to show the effects of uplink compressed mode on coverage.

3 Performance at the cell border

The service investigated in this paper is the 8 kbps speech service. The parameters of the service are presented in Table 1. To evaluate the performance at the cell border, fast power control was not used. The environment used in the evaluation was the Outdoor to indoor and pedestrian A channel. The terminal velocity was set to 3 km/h.

Table 1. Service parameters

Physical channel rate 
32 kbps

Info/CRC/tail bit per frame 
160/16/8 (20ms)

Convolutional coding rate 
1/3

Repetition 
88 bits per 20ms (552->640)

Interleaver 
20 ms, 20*32

Pilot/TPC/TFI bits per slot 
7/3/0

Power control
No

Antenna receiver diversity 
Yes

Channel estimation
Two successive estimates are averaged.

In the compressed mode simulations, two successive frames are operating in compressed mode, creating a transmission gap length of 10 ms (see Figure 1). 


[image: image1.wmf]1 frame

(10 ms)

Interleaving (20 ms)


Figure 1. Compressed mode transmission.

The DPDCH is transmitted by using a reduced spreading factor. To maintain the required BER or FER, the transmit power is increased for the DPDCH. For the DPCCH however, the reference symbols and power control bits are associated with each transmitted slot. There is therefore no need to increase the power of these
. Assuming the DPDCH/DPCCH ratio to be 3 dB in normal transmission, this would lead to a DPDCH/DPCCH ratio of 6 dB. If the ratio between the DPDCH and DPCCH is maintained at 3dB, i.e. increasing also the DPCCH power by 3 dB, the quality of the channel estimates and the PC commands will be improved. 

The overhead of the DPCCH can be calculated as: 

OH= (PDPCCH + PDPDCH )/ PDPDCH. 

The possible gain when reducing the relative power of the DPCCH in compressed mode can be calculated as: 

G = OH3dB / OH6dB = ((2 + 4) / 4) / ((1 + 4) / 4) = 1.5 / 1.25 = 1.2  = 0.79 dB.
The loss when using link level performance has been shown in for example [1]. Here, the loss when using compressed mode is up to 1 dB depending on the environment and on the power control scheme. The largest contributing part of this loss is the limited operation of the fast power control. On the cell border however, the UE is always operating at the maximum output power so the fast power control is not working.

The performance at the cell border for an 8 kbps speech service is shown in Figure 2. In the figure, the dashed line shows the performance for normal operation. The two solid lines show the performance for a DPDCH/DPCCH power difference of 3 and 6 dB. As seen in the figure, the gain of using a stronger DPCCH is slightly smaller than the loss due to the increasing overhead of the DPCCH.
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Figure 2. Performance for the speech service at the cell border.

The reason that compressed mode performs slightly better (!) than normal mode is that we do not have any power control. Hence, no loss in performance doe to degraded power control appears. Moreover, with 6 dB DPDCH/DPCCH difference we transmit less overhead (only half the DPCCH energy compared to normal mode), while with 3 dB difference we transmit the same energy overhead as in normal mode, but use this more effectively to improve the channel estimation somewhat.

4 Impact of compressed mode

Since a power limited UE can not increase the peak power in compressed mode, the performance during that frame is degraded. Assume the power of the DPDCH is increased by 3 dB. The required total power increase for the case of 3 dB DPDCH/DPCCH ratio is then:

(2 ( PDPDCH + 2 ( PDPCCH) / (PDPDCH + PDPCCH) = 3 dB
If the DPDCH/DPCCH ratio should be 6dB after the power increase, the total power increase is:

 (2 ( PDPDCH + PDPCCH) / (PDPDCH + PDPCCH) = 2.2 dB

The loss in performance for each frame operating in the compressed mode can be found from Figure 2 by comparing the required Eb/N0 of the service (10.8 dB @ 1% FER) with the Eb/N0 that can be accomplished by the UE.

When the UE is operating at its peak power in normal mode, the Eb/N0 that can be accomplished by the UE will be reduced by 3 dB, assuming a "required" increase of 3 dB to compensate in performance. Looking in Figure 2, this would increase the FER from 1% to a FER of 4.2%. Assuming that a relative DPDCH/DPCCH power of 6 dB is used in compressed mode, the decrease of the Eb/N0 is only 2.2 dB. This would give a FER of 2.8%.

Further, the total loss is dependent on the how often compressed mode is used, i.e. the transmission gap period. By assuming a transmission gap period of 12 frames, which means that 2 out of 12 frames are operating in compressed mode, the total FER for the 3 dB and 6dB case will be 1.5% and 1.3% respectively.

5
Conclusion

The performance loss in the uplink due to compressed mode at the cell edge has been considered as a large problem. This paper shows that the loss is relatively small, especially when looking at the total FER. For the studied example, the FER for a UE in compressed mode operating at the cell edge at maximum output power will be increased from 1% to 1.3% - 1.5%.
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� The performance of the TFCI will be degraded. For these simulations, blind rate detection was assumed.
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