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Simulation results of MAIO Hopping for VAMOS
1  
Introduction

In normal frequency hopping operation, network will allocate MAIO value to terminal and no change anymore. in VAMOUS study, MAIO hopping were proposed[1][2][3]. By changing MAIO value for VAMOS paired user periodically could get benefits from both DTX diversity and interference diversity.
In GERAN#43, we compare proposed MAIO change schemes through pair probability calculation and proposed to standardize either cyclic shift based MAIO hop or randomlized selected MAIO hop [1]. In the meeting, it was commented on performance impact in speech frame. In this contribution, we investigate the paired user’s DTX probability which can get when desired VAMOS user is in voice active state and paied user is in DTX activation. Simulation results are provided and speech frame impact is given based on simulation results.
2  
DTX modelling
In the simulation, we consider DTX activation factor as 0.6. The state transit among DTX and voice activation applies to Markov model. In average, the average DTX time and voice time will apply to exponential distribution[4][5].
We consider multiple users(at most, 12 users) in simulation. Four MAIO hopping schemes are listed in below:
MAIO hopping: scheme1
NO MAIO change. The desired user will be fixed pair with the second user. This scheme is used as baseline.
MAIO hopping: scheme2

MAIO changes in every TDMA frame. The paired user is choose from the 2nd user until the last candidate paired user cyclically. 

MAIO hopping: scheme3


MAIO changes in every TDMA frame. This is one ideal MAIO change scheme. The paired user is choose with best effort to have DTX possibility. It is noted this scheme can’t be implemented in reality. This scheme is listed here is for verification purpose.
MAIO hopping: scheme4


MAIO changes in every TDMA frame. The paired user is randomly choose among candidate users.

In simulation, we collect DTX probability when the desired user is in voice state and paired user(s) is in DTX state.  Simulation assumption and results are given in next section.

3   Simulation results
We use below parameters for simulation
Table 1 Simulation Assumption

	TDMA frames
	78007*12=936084

	Total user number
	2,3,4,5,6,7,8,9,10,11 and 12

	DTX <-> Voice
	Markov model
Mean channel activity time is 1826 ms. 

Minimum channel activity time is 60 ms. 

Minimum channel inactivity time is 185 ms.
Note: the channel activity duration is exponentially distributed.

	DTX activation factor
	0.6


In simulation, we first choose total user number. We assume user one as desired user and set desired user always in voice active state. Then, we independently produce DTX state for the left other users from the second user until all left paired users. After running, we collect DTX possibility of the paired user under different MAIO hopping schemes (scheme 1 to scheme 4). As special case, Below figure 1 shows the collected statistics.
Figure 1 DTX statistics
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Related simulation data(log file) is referred in Annex.
In figure 1, we can see from above part that for each user (from user number 2 to user number 12), under different simulation cases (i.e., under different total simulation users), the DTX probability of this user is around 70%. This verifies simulation has reflected DTX modelling of 0.6 DTX activation factor and exponential distribution of average active time. 

Next, we move to see the data in below part of figure 1. We can see blue curves (4vs.1) and (2vs1) show the DTX diversity improvement is quite small (near to 0%). The optimal MAIO change scheme 3 achieve at most 30% DTX diversity increase. But as we mentioned, this scheme can’t be used in reality. 

4   Conclusion
In this contribution, MAIO hopping is further studied. We compare four MAIO hopping schemes and get the DTX probabilities when desired user is in voice and paired user is in DTX state. 
From the simulation, we can see DTX probability is stable and doesn’t change significantly when we introduce MAIO hopping. In some scenarios, the DTX probability can be increased and in some other cases, the DTX probability may be reduced. This shows DTX diversity from MAIO change is small. 
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Annex: Simulation log data
[image: image2.png]Each user’s DTX frames in simulation(%)

Total User| 1 2 3 4 5 6 7 8 9 10 11 12|Average
User 1 0 0 0 0 0 0 0 0 0 0 0 0. 00
User 2 69. 97| 68. 76| 67. 58| 70. 4| 69. 54| 70. 15| 70. 37| 68. 03| 68.67) 63.4
User 3 69. 39 £9. 99| 69) 70.91f 71.11] 70.7] 69) 70.97[ 68. 23]
User 4 69. 69] 69. 2| 68. 78| 69. 75| £9. 34] £9. 46| £8.9[ £9.49)
User 5 0] 89.8[ 70.43] 69.8| 70.21) 72.17[ 70. 68
User 6 67. 93| 69. 59[ £8. 94| 70.17) 68.88[ 71.02]
User 7 66. 66[ 69. 08] 67. 87| 71.79| 68.71
User 8 70.36] 69.2] 71.16] 68.37
User 9 68. 32| 71.03] 69.58
User 10 69. 71| 89. 75|

User 11 70. 74

User 12





[image: image3.png]Possible user diversity gain for increasing DTX possibility

Total User Number 1 2 3 4 5 6 7 8 9 10 11 12|Average
Schemel: Fix pair between user 1&2 69. 97| 68. 76/ 67. 55| 70. 4| 69. 54 70. 15| 70. 35] 68. 03] 68.59] 69. 4] 69. 47, 69. 3
Scheme2: Choose optimal user for pair 69. 97| 89. 99] 97. 36| 99. 2| 99. 81 99. 9] 99. 99 100] 100] 100) 100 96.0
Scheme3: Cyclic pair 69. 97| 69. 07| 69. 06] 69. 6] 69. 38| 69. 56| 69. 76| 69. 01] 70.33| 69. 58] 69. 13| 69. 5
Schemed: Random pair 69. 97| 69. 03] 69. 36| 69. 5] 69.56] £9. 79] 69. 67] 69. 17| 70.43] £9.52) 69. 14 69. 6
Improvement from scheme 2 to scheme 1 0

Improvement from scheme 3 to scheme 1 0] 0.31) 1.51] -0.7) 0. 16| —0.59) -0.59 0.98] 1.74 18] 0. 34| 0.2
Improvement from scheme 4 to scheme 1 of 0.27] 1.81] -0.9] 0.02] -0.36]-0.68] 1.14] 1.84] 12| -0. 33 0.3














