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Performance Evaluation of Serial SACCH Repetition

1 Introduction

It has been acknowledged in previous GERAN meetings that there is a need for improvement of the Associated Control Channels (FACCH and SACCH) for the lower modes of the AMR ([1], [2] and [3]). While the repeated FACCH solution is being standardised as a solution to improve the robustness of the FACCH, there are various proposals in discussion for the enhancement of the SACCH. It has been pointed out in [1] that due to Radio Link Counter instability, calls get dropped when a number of SACCH messages are not decoded successfully. Other proposed solutions like the Parallel Reversed SACCH using idle frames [3] and the Short SACCH using a reduction of the SACCH message size [7] have not been agreed in GERAN and are not considered further.

In this paper, the effect of failed decoding of SACCH on the Radio Link Timer for interference limited scenarios is studied for the normal SACCH and for the Serial Repeated SACCH [5]. In addition some issues regarding the signalling of the Serial Repeated SACCH are outlined. 

2 Performance Evaluation

In this section, the link level performance gain of the Serial Repeated SACCH is shown and impact on the Radio Link Counter is discussed. 

2.1 Link Performance Gain

The link level performance of normal SACCH, the Serial SACCH Repetition [5] and that of the lower AMR modes are shown in Figure 1. It can be seen, that a performance gain of 5 dB can be obtained for Serial Repeated SACCH over normal SACCH in the interesting ranges of C/I (where the lower modes of AMR are operational – i.e. C/I around 3dB).
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Figure 1: Comparison of the link level performance of normal SACCH, Serial SACCH Repetition and the lower modes of AMR

2.2 Impact on Radio Link Counter

There is a clear disparity in the performance of the SACCH as defined currently in the standards and the lower modes of AMR. However, since the Radio Link Counter is incremented by 2 on successful decoding of SACCH and decremented by 1 on its failed decoding [4], there is instability in the radio link counter only when the mean FER on the SACCH is above 66.7%. The probability of a Radio Link Timeout to occur when the FER on SACCH is below 66.7% need not be zero though. The value of the Radio Link Counter is simulated for the TU 3 ideal frequency hopping case in the presence of a co-channel interferer. It can be seen that there are no Radio Link Timeouts for C/Is above 0 (when the counter is set to 64 initially). There is an instability in the Radio Link Counter however, the mean value of the Radio Link Counter is fairly high (and closer to the initial value of the Radio Link Timer) for C/Is above 0. In the simulations, the value of the Radio Link Counter is set to various maximum values initially: 64 (Figure 2), 32 (Figure 3) and 16 (Figure 4). It should be noted that in the simulation when a Radio Link Timeout occurs (i.e. the counter reaches 0), the counter is reset to the maximum value just to continue the simulation (note, that counters with value 0 are not shown in the plots). Hence, the mean value of the Radio Link Counter when there is at least one Radio Link Timeout during the simulation is not of much importance here and hence is not shown in the tables 1 to 3. The simulations are run for approximately 10000 SACCH multiframes. 
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Figure 2: The status of the Radio Link Counter at various C/Is - Channel model is TU3 – idFH – With Normal SACCH, initial value of Radio Link Counter set to 64

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	0
	-
	23

	1
	31
	58.9274
	0

	2
	48
	62.3928
	0

	3
	55
	63.2321
	0

	4
	58
	63.5831
	0

	5
	60
	63.7503
	0


Table 1: Statistics of the Radio Link Counter for normal SACCH – Initial Value of Radio Link Counter set to 64
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Figure 3: The status of the Radio Link Counter at various C/Is - Channel model is TU3 – idFH – With Normal SACCH, initial value of Radio Link Counter set to 32

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts 

	0
	0
	-
	52

	1
	0
	-
	3

	2
	16
	30.3928
	0

	3
	23
	31.2321
	0

	4
	26
	31.5831
	0

	5
	28
	31.7503
	0


Table 2: Statistics of the Radio Link Counter for normal SACCH – Initial Value of Radio Link Counter set to 32
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Figure 4: The status of the Radio Link Counter at various C/Is - Channel model is TU3 – idFH – With Normal SACCH, initial value of Radio Link Counter set to 16

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	0
	-
	129

	1
	0
	-
	22

	2
	0
	-
	2

	3
	7
	15.2321
	0

	4
	10
	15.5831
	0

	5
	12
	1507503
	0


Table 3: Statistics of the Radio Link Counter for normal SACCH – Initial Value of Radio Link Counter set to 16

Similar studies were performed for the Serial Repeated SACCH proposal [5]. The results are shown in the following tables

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	56
	63.4444
	0

	1
	58
	63.7436
	0

	2
	59
	63.8723
	0

	3
	62
	63.9420
	0

	4
	62
	63.9742
	0

	5
	62
	63.9902
	0


Table 4: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 64 – Two SACCH frames are treated together for the purposes of RLT counter update

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	24
	31.4444
	0

	1
	26
	31.7436
	0

	2
	27
	31.8723
	0

	3
	30
	31.9420
	0

	4
	30
	31.9742
	0

	5
	30
	31.9902
	0


Table 5: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 32 – Two SACCH frames are treated together for the purposes of RLT counter update

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	8
	15.4444
	0

	1
	10
	15.7436
	0

	2
	11
	15.8723
	0

	3
	14
	15.9420
	0

	4
	14
	15.9742
	0

	5
	14
	15.9902
	0


Table 6: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 16 – Two SACCH frames are treated together for the purposes of RLT counter update

In the simulations the effect of slow (shadow) fading has not been taken into account.

It can be seen from the above tables that there are no Radio Link Timeouts in the case when Serial Repeated SACCH is in use. It should however be noted that with Serial Repeated SACCH, two SACCH blocks are treated as one (i.e. the RLT counter is decremented by 1 if neither of the SACCH blocks are successfully decoded - even after softcombining - and incremented by 2 when the decoding is successful). As can be seen in tables 4 to 6 the Serial Repeated SACCH still yields sufficient quality without radio link failures down to C/I = 0 dB.

With the above procedure to increment/decrement RLT counter, one problem is that the initial value of the RLT counter needs to be halved to have the same time to RLT time out and since serial SACCH repetition is switched off and on during the call, it is not practical to achieve the effect of halving the initial value of the RLT counter only when serial SACCH repetition is in use. Hence, the alternative is to treat the RLT counter individually for each SACCH frame even when there is serial SACCH repetition. Simulations are run with this consideration also and the RLT behaviour in this case is tabulated in Table 7, Table 8 and Table 9. It can be seen that with serial SACCH repetition, even when the SACCH frames are treated separately for the purposes of RLT counter update, the decrease in the number of Radio Link Timeouts is considerable, which leads to an improvement in the Dropped Call Rate. 

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	42
	61.8783
	0

	1
	51
	63.0737
	0

	2
	54
	63.5008
	0

	3
	58
	63.7084
	0

	4
	59
	63.8190
	0

	5
	60
	63.8867
	0


Table 7: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 64 – RLT counter is updated after every SACCH frame

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	10
	29.8784
	0

	1
	19
	31.0738
	0

	2
	22
	31.5008
	0

	3
	26
	31.7083
	0

	4
	27
	31.8191
	0

	5
	28
	31.8867
	0


Table 8: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 32 - RLT counter is updated after every SACCH frame

	C/I
	Minimum value of Radio Link Counter
	Mean value of Radio Link Counter
	Number of Radio Link Timeouts

	0
	0
	-
	5

	1
	3
	   15.0738
	0

	2
	6
	   15.5008
	0

	3
	10
	   15.7083
	0

	4
	11
	   15.8191
	0

	5
	12
	   15.8867
	0


Table 9: Statistics of the Radio Link Counter for Serial SACCH Repetition – Initial Value of Radio Link Counter set to 16 - RLT counter is updated after every SACCH frame

3 Signalling issues with Serial Repeated SACCH

In [5] it is proposed that the spare bits of Layer 1 header on the downlink shall be used to order the usage of Serial SACCH Repetition on the uplink and the proposed concept is later extended to include also the other link i.e. use the spare bits of Layer 1 header on the uplink to request the usage of the Serial SACCH Repetition on the downlink [8]. The link level simulation results in Figure 5 show that the error rate on these spare bits is not negligible in the operating ranges of C/Is for the lowest mode of AMR (approximately 7% for single bit usage and approximately 5% if both the spare bits in SACCH L1 header are used). Hence it is preferable to use alternative ways of signalling. It should be noted that for these simulations, it is assumed that there is no SACCH repetition on the other link. 

In conditions of poor coverage or high interference (when the Repeated SACCH is likely to be operational), it is likely that the mobile is transmitting with maximum transmit power anyway and thus the Enhanced Power Control might not bring additional gain and hence could be switched off. This frees the stealing flags, which can be used for signalling the use of Serial Repeated SACCH both in UL and DL, as proposed in [7]. It can be seen in Figure 5 that the error rate on the stealing flags (all of them together – ie all the stealing flags set to ‘0’ to command/signal usage of repeated SACCH and set to ‘1’ to switch to normal SACCH) is approximately around 0.1% in the region of interest (C/I around 3 dB) and hence is a quite reliable way of signalling. 
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Figure 5: Comparison of performance of various signalling options for ordering the usage of Serial SACCH Repetition on uplink

From the results above it is recommended that the signalling of the Serial Repeated SACCH is performed via stealing flags. This is due to better performance and also faster signalling, i.e. signalling always needs only one SACCH multiframe independently of the opposite link using either Normal SACCH or Serial Repeated SACCH. This however, requires that the Enhanced Power Control is not active. In addition the inclusion of the Serial SACCH repetition support indicator into CM3 is necessary. One possible way to achieve this is to deactivate the EPCCH and SACCH/TP channels for the lower codec modes of AMR when the mobile and network support Repeated SACCH. 

4 Impact on Measurement Reporting

For Serial Repeated SACCH, the measurements performed by the mobile over a period of one SACCH multiframe (480 ms) would be reported to the network only every other SACCH multiframe because of repetition. Hence, there is a disparity between the actual measurement period and measurement reporting period. Currently it is stated in TS 45.008 [4] (section 8.13) that:

“For each channel, the measured parameters (RXLEV) shall be the average of the received signal level measurement samples in dBm taken on that channel within the reporting period of length one SACCH multiframe defined in 8.4. In averaging, measurements made during previous reporting periods shall always be discarded”.

If this procedure is unchanged then it means that when Serial Repeated SACCH is in operation, every other measurement period is not reported to the network. Hence, it might be better to average the measured parameters (RXLEV) over two SACCH multiframes (instead of one multiframe) by using a Longer Measurement Period that spans two SACCH multiframes instead of one. Since these measurements vary slowly, averaging might be better than discarding one multiframe period as a whole. For serving cell measurements it might also be worth considering reporting the worst value measured during the two measurement periods.

It is desirable that the averaging period used by the mobile station is reported to the network. This is important because the network itself has some averaging strategies implemented and the handover algorithms would benefit from the knowledge of the amount of pre-averaging done by the mobile. In order to indicate this to the network, the proposal is to make use of the spare bit in the octet 4 of the Measurement Results information element [6] in case of normal measurement reporting, or to define a new message type in case of enhanced measurement reporting on the uplink SACCH. Figure 6 explains how the signalling is done. 
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Figure 6: A way of signalling the network whether normal measurement period is used or the longer measurement period is used by the terminal

In addition, the mobile shall be allowed to switch dynamically between normal measurement period and the longer measurement period during serial SACCH repetition, based on whether a new neighbour is detected or not. However, this requires that the mobile determines the detection of a new neighbour cell and this procedure should be standardised. One way to achieve this is as follows: the mobile station performs measurements on the two SACCH multiframe periods separately and if the strongest neighbour cell in the second measurement period is eliminated (not among the reported set of neighbour cells) when measurements are averaged over two measurement periods, then the mobile shall report the measurements made during the second measurement period and otherwise it shall report the averaged measurements. This ensures that averaging doesn’t hide the strongest neighbour that is discovered during the most recent measurement period, for example in case the mobile turns a corner. In addition the mobile can also signal the network the measurement period used by using the signalling procedure as shown in Figure 6.

One issue with serial SACCH repetition is that the measurement report refresh rate is slowed down because of repetition of the messages on the uplink. However, it should be noted that this is not true for all the C/I values because of the higher probability of losing a message on the normal SACCH when compared to the serial SACCH repetition.
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Figure 7: Measurement Reporting Rate with normal SACCH and Serial SACCH Repetition

Figure 7 shows the number of neighbour cells reported at various C/Is with normal SACCH and serial SACCH repetition and it can be seen that at lower C/Is (around 1dB), the number of neighbours reported by serial SACCH repetition is greater than those reported by normal SACCH. Clearly the situation changes as the channel gets better, however, the usage of serial SACCH repetition should be restricted to when it is absolutely necessary, which then, guarantees that there is no reduction in the measurement report refresh rate as seen by the network. 

5 Impact on other messages carried by SACCH in UL

SACCH on uplink carries other messages like DTX USED, actual MS Power Level and Timing Advance used etc. With repeated SACCH, all the messages will reflect only those used in one SACCH multiframe. However, since actual MS power level and timing advance vary slowly, this might not be a big problem. Moreover for AMR calls, the DTX status can be derived by the BTS by other means and hence the repetition of DTX USED is also acceptable. 

6 Conclusion

It can be seen that the probability of a Radio Link Timeout because of failed SACCH decoding is reasonably low even though there is instability of the Radio Link Timer for the lower modes of AMR. In particular it can be observed that within the region of operation of the lowest mode of AMR (TCH/AFS 4.75 – C/I around 3 to 4 dB see Figure 1) though there is an instability in the Radio Link Timer, there is less chance for a Radio Link Timeout even with normal SACCH. Hence, it is probable that any SACCH enhancement will be used only for a limited duration of the call, and therefore the solution to enhance the SACCH should preferably be very simple. The Serial SACCH Repetition solution, which provides easy implementation and quick realisation in the existing networks, is a preferable candidate for the enhancement of the SACCH. 

Further, it is also pointed out that the error rate on the spare bits in the Layer1 header is not negligible (for the normal SACCH on the downlink it is 7 % for a single bit signalling in the SACCH L1 header and around 5 % for two bit signalling). Therefore it is recommended to deactivate the Enhanced Power Control for low rate AMR channels and to use the stealing flags for signalling of Serial SACCH Repetition. For this the inclusion of the Serial SACCH repetition support indicator into CM3 is necessary.

Because of the longer transfer delay of the measurement report on the uplink when using Serial Repeated SACCH, it is preferable to average the measured parameters (RXLEV) over two SACCH multiframes by using a Longer Measurement Period to match the measurement period with the measurement reporting period. However, it is desirable that a newly discovered strong neighbour cell is not hidden because of the longer averaging period and to this end, the mobile shall be allowed to switch between normal and longer measurement periods based on whether a new neighbour is discovered or not. One possible procedure to determine the discovery of new neighbour is described in section 4. This needs the mobile to signal to the network whether the reported measurements are made during the normal measurement period or a longer measurement period of 2 SACCH multiframes and various signalling options to achieve this are also outlined in section 4. 

Repetition of other parameters like DTX USED, actual MS Power Level and Timing Advance used etc. on the uplink SACCH is not a big problem as discussed in the Section 5. 
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