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1 Introduction

The problem with control channel robustness at low C/I levels has been discussed a number of times in GERAN. At GERAN #22 it was however agreed that the downlink FACCH performance is a real problem causing for example dropped calls. 

This contribution evaluates the performance of different enhanced FACCH solutions.

2 Evaluated schemes

2.1 Normal FACCH

The FACCH block is encoded according to the current standard.

2.2 Repeated FACCH

The FACCH block is encoded as the normal FACCH and transmitted twice.

2.2.1 Legacy receiver

The receiver is not capable of chase combining the two frames, but decodes them separately. If at least one of the frames is correctly decoded, the FACCH is considered to be correctly received.

2.2.2 New receiver

The receiver is capable of chase combining the two frames. A first attempt to decode is made when the first frame is received. If that fails, a second attempt is made using both frames chase combined when the second frame is received.

2.3 Code combined FACCH

The FACCH block is sent in two frames encoded in two different ways. The first transmission has the same encoding as the normal FACCH. The second transmission has the same coding except that different polynomials are used in the convolutional encoder (G2 and G3 from 45.003).

The receiver is able to code combine the two frames. A first attempt to decode is made when the first frame is received. If that fails, a second attempt is made using both frames code combined when the second frame is received.

The code combined FACCH is not compatible with legacy MS. It also requires larger changes to the BTS, which means that implementation in legacy BTS is more difficult.

2.4 Code combined FACCH 2

As above, but the constraint length of the encoder is increased from 5 to 7. The polynomials defined in 45.003 are used (G4 and G7 for the first frame; G5 and G6 for the second frame). To compensate for the longer tail, four encoded bits are punctured in each frame (at positions 28, 145, 258, 375 in the first frame; at positions 86, 203, 316, 433 in the second frame).

The legacy aspects are the same as in section 2.3.

2.5 Delay

Two options are evaluated for all schemes (except the normal FACCH for obvious reasons):

1. The two frames are transmitted without delay. This means that the total interleaving depth is 12 bursts.

2. The two frames are transmitted with one speech frame in between. This gives a total interleaving depth of 16 bursts.

3 Simulation assumptions

Simulations are run on a TU3 channel with ideal frequency hopping. Between 13000 and 20000 FACCH frames were transmitted in each simulation point, repetitions not counted.

The same implementation margin has been added to all curves.

4 Simulation results

The results are shown in Figure 1. The rightmost black curve shows the performance of the normal FACCH. The red curves show performance of the repeated FACCH scheme for a legacy receiver, with no delay (solid) and one frame delay (dashed) respectively. The blue curves show repeated FACCH performance of a receiver capable of chase combining. The magenta curves show the performance of the first code combined FACCH scheme and the green curves show the performance of the second code combined scheme (with a larger constraint length). Table 1 summarises the simulation results at 10% BLER.
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Figure 1. Link performance of enhanced FACCH schemes.

	Scheme
	C/I @

10% BLER [dB]
	Gain over normal FACCH [dB]

	Normal FACCH
	6.8
	-

	No delay
	Repeated FACCH, legacy
	5.5
	1.3

	
	Repeated FACCH, chase combined
	2.9
	3.9

	
	Code combined FACCH
	2.3
	4.5

	
	Code combined FACCH 2
	2.1
	4.7

	One frame delay
	Repeated FACCH, legacy
	4.8
	2.0

	
	Repeated FACCH, chase combined
	2.6
	4.2

	
	Code combined FACCH
	1.9
	4.9

	
	Code combined FACCH 2
	1.7
	5.1


Table 1. Summary of FACCH performance.

5 Observations

· The repeated FACCH gives a significant performance gain of about 4 dB for receivers capable of chase combining.

· The code combining schemes give an additional gain of 0.6-0.9 dB.

· A delay of one frame between the frames gives a small gain of about 0.3-0.4 dB for all schemes, except for the repeated FACCH for legacy receivers where the gain is larger, 0.7 dB.

· The repeated FACCH with one frame delay gives a gain of 2 dB for legacy receivers.

6 Conclusions

The repeated FACCH gives a large performance improvement of about 4 dB with a small effort. It can also give a 2 dB gain to legacy receivers. It is proposed to introduce this scheme in the standard to help new as well as legacy MS. A delay of one speech frame before the repeated frame improves performance at the cost of some extra delay.

A code combined FACCH could give an additional gain of about 0.6-0.9 dB. This small gain does not motivate the introduction of another enhancement scheme, since the repeated FACCH is believed to be sufficient.
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