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Comparison of Frequency Hopping Schemes in VAMOS

1  
Introduction

In VAMOS (Voice services over Adaptive Multi-user channels on One Slot) discussion [1], how to design proper frequency hopping is one factor which will impact final user experience and whole system capacity. In the study, several schemes were proposed to improve traditional hopping scheme with characteristic that VAMOS user’s MAIO can be changed with frame basis [2][3][4][5]. Such principle can make the pair between VAMOS user and legacy variable in every consecutive TDMA frame. Therefore, it can get user diversity gain. That is to say, VAMOS user can share DTX benefit from multiple users rather than just from the fix paired user (legacy user) in traditional hopping scheme.

In this contribution, we compare these proposed MAIO change schemes through pair probability calculation. Furthermore, the specification impact and relevant complexity are compared for candidate schemes. In last part of this contribution, we give suggestion based on the analysis and observation.
2  
Comparison from pair probability and complexity
For easy comparison, we categorize three available MAIO change schemes as below

Candidate 1: The MAIO of VAMOS user will be changed every TDMA frame. The new MAIO will be a cyclic value of the MAIO set [2].
Candidate 2: The MAIO of VAMOS user will be changed every TDMA frame. The new MAIO will be randomly chosen. The exact rule for choosing new MAIO will follow TS45.002 [3].
Candidate 3: The MAIO of VAMOS user will be changed every TDMA frame. The new MAIO will be a random value of the MAIO set. The exact rule for choosing new MAIO will rely on permutation pattern which is stored in both BS and mobile station [4][5].
Firstly, we will calculate the probability that how VAMOS user can be paired with other available legacy user in VAMOS system (in the same time slot). In our calculation, we simulate 8 user pairs and 4 user pairs separately for demonstration. For each paired user (for both VAMOS user and non VAMOS user), we run frequency hopping schemes (taking into account new MAIO change algorithm for VAMOS users). Then after simulation of 78006 TDMA frames (around 6 minutes to provide enough length for randomization), we collect how many times each VAMOS user will be paired with all other non-VAMOS user. We divide the paired times by the whole running frames. Thus, we get the pair probabilities between each VAMOS user and all possible non-VAMOS users.

Below Tables 1, 2 and 3 list results for cyclic MAIO change scheme (Candidate 1) and random MAIO change scheme (Candidate scheme 2) (u1~8: legacy user, v1~8: VAMOS user). Since Candidate 3 has no specific rule for permutation mapping, so we have to skip it in simulation. 
From the tables we can see Candidate 1 provides smooth and pure equal pair probability. Candidate 2 can achieve similar goal but with some variance for pair probability.

So, based on above comparison, we can observe the following:
Observation 1: From pair probability aspect, Candidate 1 will achieve more uniform pair between VAMOS and legacy users which is expected to achieve better system performance. But the difference between candidate 1 and candidate 2 is not so significant.

Table 1: Pair probability for cyclic MAIO scheme (8 user pairs, 78006 TDMA frames)

	Pair probability between VAMOS and legacy users
	Candidate 1: Cyclic MAIO change scheme

	
	u1
	u2
	u3
	u4
	u5
	u6
	u7
	u8

	v1
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v2
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v3
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v4
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v5
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v6
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v7
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250

	v8
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250
	0.1250


Table 2: Pair probability for random MAIO scheme (8 user pairs, 78006 TDMA frames)

	Pair probability between VAMOS and legacy users
	Candidate 2: Random MAIO change scheme

	
	u1
	u2
	u3
	u4
	u5
	u6
	u7
	u8

	v1
	0.1252
	0.1244
	0.1243
	0.1248
	0.1246
	0.1251
	0.1260
	0.1257

	v2
	0.1257
	0.1252
	0.1244
	0.1243
	0.1248
	0.1246
	0.1251
	0.1260

	v3
	0.1260
	0.1257
	0.1252
	0.1244
	0.1243
	0.1248
	0.1246
	0.1251

	v4
	0.1251
	0.1260
	0.1257
	0.1252
	0.1244
	0.1243
	0.1248
	0.1246

	v5
	0.1246
	0.1251
	0.1260
	0.1257
	0.1252
	0.1244
	0.1243
	0.1248

	v6
	0.1248
	0.1246
	0.1251
	0.1260
	0.1257
	0.1252
	0.1244
	0.1243

	v7
	0.1243
	0.1248
	0.1246
	0.1251
	0.1260
	0.1257
	0.1252
	0.1244

	v8
	0.1244
	0.1243
	0.1248
	0.1246
	0.1251
	0.1260
	0.1257
	0.1252


Table 3: Pair probability for cyclic and random MAIO scheme (4 user pairs, 78006 TDMA frames)

	Pair probability between VAMOS and legacy users
	Candidate 1: Cyclic MAIO change scheme
	Candidate 2: Random change MAIO scheme

	
	u1
	u2
	u3
	u4
	u1
	u2
	u3
	u4

	v1
	0.2500
	0.2500
	0.2500
	0.2500
	0.2498
	0.2494
	0.2503
	0.2505

	v2
	0.2500
	0.2500
	0.2500
	0.2500
	0.2505
	0.2498
	0.2494
	0.2503

	v3
	0.2500
	0.2500
	0.2500
	0.2500
	0.2503
	0.2505
	0.2498
	0.2494

	v4
	0.2500
	0.2500
	0.2500
	0.2500
	0.2494
	0.2503
	0.2505
	0.2498


Secondly, we compare the complexity of the three mentioned candidate schemes for MAIO change. 

The main complexity may consider several aspects including BS operation, mobile operation and specification change. From all these aspects, we can see the followings: 

< Candidate 1 > 

MAIO change is just following cyclic principle. Mobile need know the whole MAIO allocated set (MAIO allocation signalling is needed). It is easy for mobile to get new MAIO value. The specification change is limited.
< Candidate 2 >
The new MAI calculation procedure can be re-used when getting new MAIO value (MAIO allocation signalling is needed. MAIOAIO is also needed). So no additional complex mathematic calculation repeat might be needed. Spec change is limited, but higher than scheme 1.
< Candidate 3 >
Storage memory is needed in both mobile and BS to save mapping table. Mobile also needs to know MAIO allocation information and MAIO_HSN. Additional exact mapping rule has to be designed with performance compare among them. From these aspects, it is expected that more meeting time to complete specification.
So, based on above comparison, we can observe

Observation 2: From complexity aspect, Candidate 1 is the simplest. Candidate 2 can be implemented through reusing existing MAI calculation procedure and overhead is also not so big. But Candidate 3 needs more storage requirement, especially in mobile station side. Furthermore, Candidate 3 needs detailed design for permutation mapping which means more meeting time is needed to complete VAMOS specifications.
3   Conclusion

In this contribution, VAMOS frequency hopping based on MAIO change was discussed. We compare three available candidate schemes for MAIO change. In summary, we observe as below:
Observation 1: From pair probability aspect, Candidate 1 can achieve more uniform pair between VAMOS and legacy users which is expected to achieve better system performance. But the difference between candidate 1 and candidate 2 is not so significant.

Observation 2: From complexity aspect, Candidate 1 is the simplest. Candidate 2 can be implemented through reusing existing MAI calculation procedure and overhead is also not so big. But Candidate 3 needs more storage requirement, especially in mobile station side. Furthermore, Candidate 3 needs detailed design for permutation mapping which means more meeting time is needed to complete VAMOS specifications.
From the observations, we suggest that final VAMOS design need consider improved frequency hopping scheme in final whole system performance evaluation. Further, with assumption that improved frequency hopping scheme can bring capacity gain, then Candidate 1 and Candidate 2 are recommended for spec implementation. After considering some other aspects, final agreement can be chosen from either Candidate 1 or Candidate 2, or both Candidate 1 and 2.

References
[1] GP-081966, “New WID: Voice services over Adaptive Multi-user channels on One Slot – Building Block Radio Performance Requirements,” Nokia Siemens Networks, Nokia Corporation, et al.

[2] GP-090798, "Frequency hopping schemes for VAMOS", source Samsung. 
[3] GP-090086, "Discussions and Suggestions on Frequency Hopping Schemes for VAMOS", source Huawei.
[4] AHG1-080019, "Frequency Hopping Schemes for MUROS", source Ericsson.
[5] GP-080636, "Frequency Hopping Schemes for MUROS", source Ericsson.









