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Fast Power Control for Speech in GERAN

1 Introduction

This document contains a proposal for a fast power control scheme, which utilises stealing bits of the SACCH bursts for signalling. The scheme enables power control in both uplink and downlink with an update interval of 120 ms. It can be used together with the new 8PSK fullrate and halfrate voice bearers as well as on the present GMSK fullrate and halfrate voice bearers. Link and system simulation results are presented, showing the performance of the proposed scheme.

This document has only minor changes compared a document submitted to the TSG GERAN ad hoc on R4 and beyond, meeting #4 [7].

2 Background

Power control is currently available in GSM speech through the SACCH, which enables a control interval of 480 ms.

ECSD uses inband signalling bits to enable fast power control (FPC) at a control interval of 20 ms. It has been proposed [1] to reuse the FPC mechanism for the 8-PSK voice bearer that is currently being standardized. On TSG GERAN #3 it was decided that 20 ms FPC shall not be specified for speech channels in GERAN.

Another proposal [2] is to signal via stealing bits in the SACCH bursts to get a control interval of 120 ms. System level simulations have been presented [3]

 REF _Ref500578983 \r [4]

 REF _Ref503684672 \r [5]

 REF _Ref506029230 \r [6]

 REF _Ref510422455 \r [7] showing the potential gain of this control interval.

3 Proposed solution

In the following, a proposal for power control signalling over the SACCH bursts is presented and evaluated.

3.1 PC signalling

It is proposed to use 12 bits per SACCH burst for PC signalling. A code with eight code words encoded to 12 bits is used. This will enable an update interval of 120 ms. The USF code for GPRS, shown in Table 1, can be reused for this purpose.

Message
Codeword

0
000 000 000 000

1
000 011 011 101

2
001 101 110 110

3
001 110 101 011

4
110 100 001 011

5
110 111 010 110

6
111 001 111 101

7
111 010 100 000

Table 1. Encoding for the PC signalling.

In the downlink, the messages correspond to relative power regulation commands, while in the uplink, they correspond to RxQual reports. A straightforward solution is to reuse the power regulation commands and RxQual reports from the fast power control in ECSD [10]. If necessary, one value in the RxQual report may be reserved for the case when no measurements are available, for instance during silence periods in DTX mode.

3.2 Channel coding for SACCH

Bandwidth for PC signalling is made available on the SACCH by using the eight existing stealing bits (which are not used today) and by increasing the code rate of the SACCH (i.e., puncturing). To minimise the performance loss of the SACCH, it is proposed to increase the constraint length of the convolutional code to K=7.

4 Link performance evaluation

Link simulations were run to assess the message error rate of the PC signalling and the degradation of the SACCH BLER. A TU3 channel with ideal frequency hopping in a co-channel interference limited environment was assumed. In the PC signalling performance simulations, 40,000 words (sent in 40,000 SACCH bursts) were run in each simulation point. In the SACCH performance simulations, 100,000 SACCH blocks were run in each simulation point. The SACCH simulation results and details can be found in an accompanying contribution [11]. 

4.1.1 PC signalling performance

The message error rate for the PC signalling has been evaluated for the proposed scheme. In order to detect and erase erroneous messages in the receiver, a decoding threshold was used. The threshold was selected to get a residual message error rate of 1% at the “worst case” working point. This point was assumed to be 2 dB C/I on a fullrate channel and at 8 dB C/I on a halfrate channel. The erasure rate (solid line) and the residual error rate (dashed line) are shown in Figure 1, for a threshold suited for halfrate (blue lines) and fullrate (red lines). The figure also shows the error rate without threshold (black dash-dotted line).
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Figure 1. PC signalling performance. The curves show the message erasure rate and the residual message error rate.

4.1.2 SACCH performance

The SACCH performance has been simulated using the channel coding described in section 3.2, and compared to the normal SACCH. The results can be found in [11]. The conclusion is that the loss is about 0.6 dB at any BLER level. 

5 System performance evaluation

To assess the performance of the proposed scheme, system simulations were run. The system performance is measured as the capacity at which a certain fraction of the speech users are satisfied (a user is considered satisfied if the Class 1a FER is less than 1%). In the following subsections, capacity figures and relative capacity gains for 90%, 95% and 99% satisfied users are given. Detailed simulation results can be found in Annex A .

For reference, simulations with normal power control and without power control are run.

In this investigation, downlink power control is studied. This is viewed as the most crucial part since it is likely the downlink that limits the capacity. Uplink power control is for further study.

5.1 Algorithms, models and assumptions

5.1.1 Power control algorithm

The power control is based on RxQual measurements received from the MS. The measurements are mapped to C/I values, which are filtered through an exponential filter. The output power is controlled to minimise the deviation of the filtered C/I from a target C/I. Further details of the algorithm can be found in [8].

A BSS delay of 120 ms was assumed.

5.1.2 Measurement filtering

The reported measurements are filtered through an exponential filter with a forgetting factor optimised to maximise the system capacity for each individual case (the same forgetting factor was used for 3 km/h and 50 km/h simulations). Generally, a slower filter must be used with a shorter update interval, due to the increasing measurement inaccuracy.

5.1.3 Model for inaccuracy in RxQual measurements

The accuracy of RxQual measurements has been estimated from link simulations. It is assumed that the raw bit error rate can be estimated accurately per radio block. The spread in RxQual measurements relative to the true RxQual
 is due to frequency hopping and fast fading. On a frequency hopping channel, these variations can not be followed by the power control since they are uncorrelated from block to block
. They must therefore be viewed as measurement errors.

The measurement error can with good accuracy be approximated as a random variable with normal distribution, zero mean, and a standard deviation that depends on the true RxQual (which in turn depends on C/I) and the measurement period. The standard deviation of the error, derived from simulations, is shown in Figure 2.
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Figure 2. Standard deviation of RxQual estimation error versus C/I for different measurement periods (480 ms and 120 ms). Simulated values and linear approximations are shown.

5.1.4  Quantisation of RxQual

The measurements are quantised to eight levels according to the standard [10].

5.1.5 Model for PC signalling errors

The system simulator does not model uplink traffic. Therefore, a simplified model for the uplink signalling is used. A sent RxQual report is erased with a fixed probability. If a report is erased, no RxQual sample is given to the PC algorithm. If a report is not erased, it has a residual error with a fixed probability. If a residual error occurs, a random RxQual sample is given to the power control algorithm.

The parameters of this model are chosen to reflect a worst case scenario: on a fullrate channel, the C/I on the uplink is assumed to be 2 dB, while on a halfrate channel, it is assumed to be 8 dB. Also, a “second worst case” is simulated for fullrate, where the uplink C/I is assumed to be 5 dB. 

In the reference simulations with normal power control, the same model is used. However, the error detection can be assumed ideal in this case, i.e., the residual error rate is 0.

The parameters of the model (taken from Figure 1 and [11]) are summarised in Table 2.

Rate
C/I
Erasure rate
Residual error rate



Normal SACCH
SACCH burst, 12 bits
Normal SACCH
SACCH burst, 12 bits

Fullrate
2 dB
43 %
29 %
0
1%


5 dB
14 %
18 %
0
0.45%

Halfrate
8 dB
2.8 %
3.1 %
0
1%

Table 2. Parameters for PC signalling error model (from Figure 1 and [11]).

5.1.6 Simulation assumptions

Some important parameters are summarised in Table 3.

Parameter
Value
Unit
Comment

Frequency band
900
MHz


Spectrum 
3
MHz


Reuse
1/1 for FR

1/3 for HR



Frequency hopping
Random








Sectors (cells) per site
3



Sector antenna beam width
60
degrees
@ -3dB

Site-to-site distance
3000
m
Cell radius = 1000 m






Propagation model
21 + 35log(d)
m


Log-normal fading 
standard deviation
6
dB



Correlation distance
110
m


Adjacent channel interference
Not modelled








Handover margin
3
dB


Mobile speed
3 and 50
km/h







Voice codec
MR59



Voice activity
60%



Speech model
Measurement based








Maximum BTS power
25
W
= 14 dBW

Minimum BTS power
1
W
= 0 dBW

BTS power granularity
2
dB
8 levels

Noise floor
-118
dBm







Simulation length
600
s


Link results
TU3iFH



Table 3. Simulation assumptions for system capacity evaluation.

5.2 Simulation results

5.2.1 GMSK fullrate

In Table 4 and Table 5, the capacity of a system with 1/1 reuse with 90%, 95% and 99% satisfied users is shown for GMSK fullrate at 3 km/h and 50 km/h, respectively. Detailed simulation results can be found in Annex A . Values are given without PC signalling errors (uplink C/I = () and with PC signalling errors assuming an uplink C/I of 5 dB and 2 dB. Also, the relative gain of SACCH burst based PC compared to normal PC is given in the last row.

Uplink C/I
(
5 dB
2 dB

Satisfied users
90%
90%
95%
99%
90%
95%
99%

Capacity [Erlang/MHz/sector]
No PC
12.9
12.9
10.4
7.5
12.9
10.4
7.5


Normal PC (480 ms)
18.8
18.4
15.9
11.1
16.7
14.4
8.9


SACCH burst (120 ms)
20.3
19.8 
17.3
11.7 
19.2 
16.4
9.7

Capacity gain SACCH burst PC vs normal PC
8%
8%
9%
5%
15%
14%
9%

Table 4. System capacity at a mobile speed of 3 km/h and GMSK fullrate.

Uplink C/I
(
5 dB
2 dB

Fraction of satisfied users
90%
90%
95%
99%
90%
95%
99%

System capacity [Erlang/MHz/sector]
No PC
12.9
12.9
11.5
8.8
12.9
11.5
8.8


Normal PC (480 ms)
16.2
15.5
13.3
8.8
12.6
10.4
7.3


SACCH burst (120 ms)
19.1
18.1 
15.8
10.1
17.2 
15.1
9.3

Capacity gain SACCH burst PC vs normal PC
18%
17%
19%
15%
37%
45%
27%

Table 5. System capacity at a mobile speed of 50 km/h and GMSK fullrate.

It can be seen that at 3 km/h, the normal power control gives a large increase in capacity. Also there is an additional gain from the SACCH burst based PC (5-15% compared to normal PC). When the uplink C/I is 2 dB, the normal power control is degraded due to SACCH errors, while the degradation of the SACCH burst based PC is smaller. This explains the relatively larger gain, up to 15%, of SACCH burst based PC at 2 dB.

At 50 km/h, the gain from SACCH burst based PC is larger, 15-45% compared to normal PC, depending on the uplink C/I and the required fraction of satisfied users. Also in this case, the normal PC suffers from SACCH errors at 2 dB uplink C/I.

Notice that the relative gain of SACCH burst based PC is in the same order when a higher (95% or 99%) fraction of satisfied users is required, as compared to a lower requirement (90%). In some cases the gain is somewhat smaller, while in others it is actually larger.

5.2.2 8PSK halfrate

In Table 6 and Table 7, the capacity of a system with 1/3 reuse with 90%, 95% and 99% satisfied users is shown for 8PSK halfrate at 3 km/h and 50 km/h, respectively. Detailed simulation results can be found in Annex A . Values are given without PC signalling errors (uplink C/I = () and with PC signalling errors assuming an uplink C/I of 8 dB. Also, the relative gain of SACCH burst based PC compared to normal PC is given in the last row.

Uplink C/I
(
8 dB

Fraction of satisfied users
90%
90%
95%
99%

System capacity [Erlang/MHz/sector]
No PC
9.9
9.9
6.8
3.4


Normal PC (480 ms)
17.0
17.0
13.2
7.7


SACCH burst (120 ms)
20.3 
19.7 
15.7 
8.6 

Capacity gain SACCH burst PC vs normal PC
19%
16%
19%
12%

Table 6. System capacity at a mobile speed of 3 km/h and 8PSK halfrate.

Uplink C/I
(
8 dB

Fraction of satisfied users
90%
90%
95%
99%

System capacity [Erlang/MHz/sector]
No PC
9.9
9.9
7.6
4.1


Normal PC (480 ms)
14.3
14.2
11.5
6.0


SACCH burst (120 ms)
17.8 
17.4 
14.6 
7.9 

Capacity gain SACCH burst PC vs normal PC
24%
23%
27%
32%

Table 7. System capacity at a mobile speed of 50 km/h and 8PSK halfrate.

It can be seen that the increased power control rate improves capacity, both for 3 km/h and 50 km/h, regardless of the required fraction of satisfied users.

6 Relation to other LQC procedures

In this section, the interworking of the SACCH burst based power control, the normal power control and the AMR link adaptation is discussed.

6.1 Normal power control

It is proposed that either the normal power control or the SACCH burst based power control be activated. At channel assignment, it is indicated by the FPC bit in the ASSIGNMENT COMMAND if SACCH burst based power control shall be used or not, and as a consequence which channel coding of the SACCH (normal or reduced) that applies. Further, the SACCH burst based PC can be switched on and off at handover using the FPC bit in the HANDOVER COMMAND.

Notice that it is not possible to alternate between normal and reduced SACCH channel coding without notifying the receiver. This notification can not be done inband in the SACCH, e.g. using the FPC bit in the L1 header, since the decoding of the bit itself relies on that the channel coding is known. Therefore, the FPC bit need not be included in the L1 header of the reduced SACCH.

If SACCH burst based PC is turned on, the MS ignores the normal power control commands in the L1 header of the SACCH. The normal RxQual reporting (as well as other measurement reporting) via the SACCH should be done as normal, regardless of whether SACCH burst based PC is on or off.

6.2 AMR link adaptation

The link adaptation of AMR can work independently of SACCH burst based power control (and of normal power control). The power control attempts to achieve a fixed target RxQual (or C/I) on the channel, based on the requirements of a preferred AMR mode. If the actual RxQual varies around the target, the AMR link adaptation may compensate for this by link adaptation. Since the power control is based on raw bit error rate (i.e., RxQual), it will not be affected by the choice of AMR codec mode. Therefore, there is no risk of unstable behaviour.

Notice that combining SACCH burst based PC with AMR link adaptation does not impose any additional problems compared to when normal PC and AMR LA are used. The target RxQual need not be altered more often with SACCH burst based PC than with normal PC. Actually, the channel quality will likely vary less with a faster power control, implying less need for AMR mode changes.

7 Conclusions

A fast power control scheme is proposed. The scheme uses 12 stealing bits of each SACCH burst for PC signalling, and gives an update interval of 120 ms, four times faster than the normal power control.

System simulations, including RxQual measurement inaccuracy, RxQual quantisation and PC signalling errors, show gains in the order of 15-45% in capacity at 50 km/h, compared to normal power control. At 3 km/h, the gain is smaller, 5-32%. The gains are in the same order whether 90%, 95% or 99% satisfied users are required.

To make bits in the SACCH bursts available for the PC signalling with a small performance loss of the SACCH, it is proposed to reuse the existing stealing bits, to increase the constraint length to K=7, and to puncture the encoded block. The link performance of the new SACCH is 0.6 dB worse than the normal SACCH. This loss was not accounted for in the system performance evaluation.

The SACCH burst based power control scheme can be used both for GMSK and 8PSK channels.
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Annex A  System capacity simulation results
The figures below show the fraction of satisfied users versus offered traffic. Blue lines show capacity with SACCH burst based PC. Red lines show normal PC. Black lines show capacity without PC.
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Figure 3. System capacity for GMSK fullrate. Left: 3 km/h. Right 50 km/h.
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Figure 4. System capacity for 8PSK halfrate. Left: 3 km/h. Right 50 km/h.
� Defined as the raw bit error rate averaged over time, i.e., over the fast fading.


� With cyclic frequency hopping over few frequencies, there may be a small correlation of raw BER from block to block, but with cyclic hopping over many frequencies or with random hopping, the assumption holds.
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