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RLT analysis for serial SACCH repetition

1 Introduction

In this contribution, aspects of Radio Link Timeout (RLT) are considered for Repeated SACCH proposal by calculations based on a probabilistic Model.

2 Model assumptions

To analyze behaviour of RLT counter, a binary independent identically distributed (i.i.d.) random process for SACCH decoding errors is assumed. This process is fully characterized by the SACCH FER as a parameter, which can of course be mapped back to C/I values under additional assumptions e.g. for channel models, using combining receiver or not, etc.

RLT counter behaviour can efficiently be analyzed by modeling it as a Markov chain, which allows quick simulations and even analytic results. Two different Markov models can be defined.

Model 1. RLT can be considered as a one-dimensional random walk stochastic process with a limiting boarder at the one side (the maximum RLT counter value) and an absorbing boarder at the other side (when reaching RLT counter 0). The maximum RLT counter value is taken as fixed initial state. For any positive FER, the RLT counter will sooner or later expire, therefore the process is not stationary and an expected RLT value (as a statistical ensemble average) does not exist. 

Model 2. Alternatively, it can be assumed that when RLT counter 0 is reached in a frame, the counter is reset to the maximum RLT counter value in the next frame. This assumption can be considered to represent the case of a new call setup after the call drop, or to represent a call of another user, but with the same RLT behaviour during the call as Model 1. Also this assumption can be modeled as a Markov chain. Since call states of this Markov chain are connected step-by-step and there is no absorbing state, the Markov chain is ergodic. Even though this process can be considered to start at maximum RLT counter value like Model 1, it is easier to make the process stationary by assuming the unique stationary state distribution of the process as the initial state distribution. This assumption only means that the first call is only partly modeled by starting with a reasonable random RLT counter value for the first frame. (If a fixed simulation length is considered, a rather similar assumption about the last frame of the last call cannot be avoided, even with Model 1.) 

Both models have their own advantages and disadvantages, therefore both models are applied in this paper.

· Model 1 represents a single call from the beginning to the end and is advantageous especially when the interest is in quantities, which characterize frames over time. Mean RLT counter values can be taken in case of low FER, which avoids call drops for a very long time and results in nearly stationary behaviour, but also over a complete call, regardless of its length.

· Model 2 represents an infinite number of calls and is advantageous especially when the interest is in quantities, which characterize complete calls. Mean RLT counter values for complete calls can more directly be calculated in this model.

The model is well suited for extensions. For example, time-varying FER can be represented by a Gilbert model. This model is based on a Markov chain, which slowly switches between a good state and a bad state, while the state in turn determines the frame error rate. This model, or extensions thereof, is foreseen to be applied to approximate shadow fading, which are supposed to play a critical role in RLT based call drops.

3 Results

A good characterization for RLT counter behaviour is the expected time between timeouts. In the figures 1 to 3, which have been calculated based on Model 1, the probability distribution of the time between start of RLT counter at its maximum value and its expiration is shown for maximum values 16, 32 and 64. The parameter in the plots is SACCH FER, which is ranging +- 5% around the 66%. This range has been taken, since 66.6% is the equilibrium probability (RLT random walk without preferred direction). For each parameter value, the expected time between timeouts is given in the legend.

From all plots it becomes obvious that FER = 66.6% is not at all a sharp limit for avoiding RLT call drops below. For FER = 61%, maximum RLT value 64 is sufficient to make call drops unlikely enough for practical operation, while this is clearly not the case with maximum RLT value 16, because a call drop will occur every few minutes (expected value 214 seconds, 50% of calls with less than 153 seconds call duration).
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RLT counter (max=64) expiration probability over time

time after RLT timer reset [reporting periods]

FER=71%, mean=441.8

FER=70%, mean=551.1

FER=69%, mean=727.5

FER=68%, mean=1046.6

FER=67%, mean=1715.6

FER=66%, mean=3384.8

FER=65%, mean=8353.6

FER=64%, mean=25609.6

FER=63%, mean=93135.7

FER=62%, mean=381267.8

FER=61%, mean=1689016.9
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RLT counter (max=32) expiration probability over time

time after RLT timer reset [reporting periods]

FER=71%, mean=196.4

FER=70%, mean=234.5

FER=69%, mean=288.0

FER=68%, mean=366.4

FER=67%, mean=486.1

FER=66%, mean=677.2

FER=65%, mean=996.1

FER=64%, mean=1550.7

FER=63%, mean=2553.7

FER=62%, mean=4431.3

FER=61%, mean=8054.4
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RLT counter (max=16) expiration probability over time

time after RLT timer reset [reporting periods]

FER=71%, mean=78.7

FER=70%, mean=88.6

FER=69%, mean=100.9

FER=68%, mean=116.0

FER=67%, mean=135.0

FER=66%, mean=159.2

FER=65%, mean=190.2

FER=64%, mean=230.4

FER=63%, mean=283.1

FER=62%, mean=352.9

FER=61%, mean=446.3


In [1], simulation results for RLT expiration are shown. These are in very good agreement with the curves shown in this document. For example, the mean time between timeouts (shown here) is comparable 10000 divided by the number of Radio Link timeouts in 10000 SACCH frames. 

The following tables shows this good agreement between the results tabulated in [1] and the calculation results, which are based on Model 2. 

Table 1 gives the results for normal SACCH (in comparison to Tables 1 – 3 of  [1]).

Table 2 gives the results for RLT updated after each Repeated SACCH (in comparison to Tables 4 – 6 of  [1]). This case implies slowing down the RLT counter update (as assumed also in scenario B of [2]), which is not seen as the preferred solution for Repeated SACCH.

Table 2 gives the results for RLT updated both after each normal SACCH and Repeated SACCH (in comparison to Tables 7 – 9 of  [1]). This case implies slowing down the RLT counter update (as assumed also in scenario B of [2]), which is not seen as the preferred solution for Repeated SACCH.

The results show call drops at low C/I in normal SACCH, which mostly vanish in case of Repeated SACCH. 

	RLT max
	C/I (dB)
	FER [1], Figure 1 (%)
	Minimum value of Radio Link Counter [1]
	Mean value of Radio Link Counter [1]
	Expected RLT

Counter value
	Number of timeouts / 10000 SACCH frames [1]
	Pr(timeout)
	Average time between timeouts (SACCH frames)
	Expected time between timeouts (SACCH frames)

	64
	0
	0.71
	0
	-
	35.2789
	0.0023
	0.002263
	434.8
	441.8

	64
	1
	0.60
	31
	58.9274
	59.3556
	0
	1.26e-7
	-
	7.89e+06

	64
	2
	0.50
	48
	62.3928
	62.3820
	0
	6.80e-15
	-
	1.46e+14

	64
	3
	0.39
	55
	63.2321
	63.2045
	0
	2.90e-17
	-
	3.43e+16

	64
	4
	0.29
	58
	63.5831
	63.5477
	0
	 0
	-
	Inf

	64
	5
	0.20
	60
	63.7503
	63.7388
	0
	 0
	-
	Inf

	32
	0
	0.71
	0
	-
	18.7239
	0.0052
	0.005092
	192,3
	196.398

	32
	1
	0.60
	0
	-
	27.5295
	0.0003
	6.56e-05
	3333
	15233

	32
	2
	0.50
	16
	30.3928
	30.3820
	0
	3.34e-08
	-
	2.98e+07

	32
	3
	0.39
	23
	31.2321
	31.2045
	0
	1.73e-12
	-
	5.76e+11

	32
	4
	0.29
	26
	31.5831
	31.5477
	0
	3.93e-17
	-
	2.53e+16

	32
	5
	0.20
	28
	31.7503
	31.7388
	0
	 0
	-
	Inf

	16
	0
	0.71
	0
	-
	 9.9061
	0.0129
	0.012705
	77,5
	78.7065

	16
	1
	0.60
	0
	-
	12.5727
	0.0022
	0.001747
	454.5
	572.533

	16
	2
	0.50
	0
	-
	14.4020
	0.0002
	7.41e-05
	5000
	13493

	16
	3
	0.39
	7
	15.2321
	15.2046
	0
	7.86e-07
	-
	1.27e+06

	16
	4
	0.29
	10
	15.5831
	15.5477
	0
	4.28e-09
	-
	2.33e+08

	16
	5
	0.20
	12
	15.7503
	15.7388
	0
	8.14e-12
	-
	1.22e+11


Table 1: Statistics [1] and probabilities of the Radio Link Counter for normal SACCH 

	RLT max
	C/I (dB)
	FER [1], Figure 1 (%)
	Minimum value of Radio Link Counter [1]
	Mean value of Radio Link Counter [1]
	Expected RLT

Counter value
	Number of timeouts / 10000 SACCH frames [1]
	Pr(timeout)
	Average time between timeouts (SACCH frames)
	Expected time between timeouts (SACCH frames)

	64
	0
	0.3200
	56
	63.4444
	63.4642
	0
	4.37e-17
	-
	2.28e+16

	64
	1
	0.1950
	58
	63.7436
	63.7475
	0
	0
	-
	Inf

	64
	2
	0.1100
	59
	63.8723
	63.8749
	0
	0
	-
	Inf

	64
	3
	0.0550
	62
	63.9420
	63.9416
	0
	0
	-
	Inf

	64
	4
	0.0245
	62
	63.9742
	63.9749
	0
	9.26e-19
	-
	1.07e+18

	64
	5
	0.0085
	62
	63.9902
	63.9914
	0
	0
	-
	Inf

	32
	0
	0.3200
	24
	31.4444
	31.4642
	0
	1.16e-15
	-
	8.59e+14

	32
	1
	0.1950
	26
	31.7436
	31.7475
	0
	0
	-
	Inf

	32
	2
	0.1100
	27
	31.8723
	31.8749
	0
	0
	-
	Inf

	32
	3
	0.0550
	30
	31.9420
	31.9416
	0
	0
	-
	Inf

	32
	4
	0.0245
	30
	31.9742
	31.9749
	0
	0
	-
	Inf

	32
	5
	0.0085
	30
	31.9902
	31.9914
	0
	0
	-
	Inf

	16
	0
	0.3200
	8
	15.4444
	15.4642
	0
	2.35e-08
	-
	4.24e+07

	16
	1
	0.1950
	10
	15.7436
	15.7475
	0
	5.35e-12
	-
	1.86e+11

	16
	2
	0.1100
	11
	15.8723
	15.8749
	0
	4.64e-16
	-
	2.15e+15

	16
	3
	0.0550
	14
	15.9420
	15.9416
	0
	0
	-
	Inf

	16
	4
	0.0245
	14
	15.9742
	15.9749
	0
	0
	-
	Inf

	16
	5
	0.0085
	14
	15.9902
	15.9914
	0
	0
	-
	Inf


Table 2: Statistics [1] and probabilities of the Radio Link Counter updated only after Repeated SACCH (treating two frames together, as assumed in scenario B of [2]) 

	RLT max
	C/I (dB)
	FER [1], Figure 1 (%)
	Minimum value of Radio Link Counter [1]
	Mean value of Radio Link Counter [1]
	Expected RLT

Counter value
	Number of timeouts / 10000 SACCH frames [1]
	Pr( timeout )
	Average time between timeouts (SACCH frames)
	Expected time between timeouts (SACCH frames)

	64
	0
	0.5150
	42
	61.8783
	62.1802
	0
	9.39e-14
	-
	1.06e+13

	64
	1
	0.3975
	51
	63.0737
	63.1691
	0
	1.10e-17
	-
	9.05e+16

	64
	2
	0.3050
	54
	63.5008
	63.5075
	0
	0
	-
	Inf

	64
	3
	0.2225
	58
	63.7084
	63.6975
	0
	0
	-
	Inf

	64
	4
	0.1573
	59
	63.8190
	63.8085
	0
	0
	-
	Inf

	64
	5
	0.1043
	60
	63.8867
	63.8823
	0
	0
	-
	Inf

	32
	0
	0.5150
	10
	29.8784
	30.1804
	0
	1.14e-07
	-
	8.72e+06

	32
	1
	0.3975
	19
	31.0738
	31.1691
	0
	3.58e-12
	-
	2.78e+11

	32
	2
	0.3050
	22
	31.5008
	31.5075
	0
	1.94e-16
	-
	5.15e+15

	32
	3
	0.2225
	26
	31.7083
	31.6975
	0
	0
	-
	Inf

	32
	4
	0.1573
	27
	31.8191
	31.8085
	0
	2.81e-19
	-
	3.55e+18

	32
	5
	0.1043
	28
	31.8867
	31.8823
	0
	0
	-
	Inf

	16
	0
	0.5150
	0
	-
	14.2182
	0.0005
	0.002718
	-
	7862.95

	16
	1
	0.3975
	3
	15.0738
	15.1693
	0
	1.10e-06
	-
	901336

	16
	2
	0.3050
	6
	15.5008
	15.5075
	0
	1.02e-08
	-
	9.77e+07

	16
	3
	0.2225
	10
	15.7083
	15.6975
	0
	4.80e-11
	-
	2.08e+10

	16
	4
	0.1573
	11
	15.8191
	15.8085
	0
	1.55e-13
	-
	6.41e+12

	16
	5
	0.1043
	12
	15.8867
	15.8823
	0
	1.91e-16
	-
	5.22e+15


Table 3: Statistics [1] and probabilities of the Radio Link Counter updated alternating normal SACCH and Repeated SACCH, simulated with FER linear average of normal SACCH and Repeated SACCH, as assumed in scenario A of [2].

4 Conclusions

An efficient method for analysis of Regular Radio Link behaviour has been applied to the analysis of Repeated SACCH. Normal RLT counter update procedures are considered as most appropriate. The computed results confirm previous Monte-Carlo simulation results. 

Further extensions are possible and recommended, proposals welcome. So far more precise modeling of Repeated FACCH usage and slow channel variation are foreseen for this extention.
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