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Discussions and Suggestions on Frequency Hopping Schemes for VAMOS
1 Introduction

A work item named VAMOS [1] (Voice services over Adaptive Multi-user channels on One Slot) was agreed at GERAN #40. Two frequency hopping schemes (see [2], [3]) have been proposed for the MUROS/VAMOS concept, aiming to create interference diversity among mobiles using different VAMOS sub channels in the same cell. In [4], some concerns were raised on the impacts of such diversity schemes on current RRM policies. In [5], the solution described in [2] was evaluated at system level in a tight reuse scenario, and the gains were found to be quite limited. The solution described in [3] was believed to have similar performance.
This contribution contains some discussions and possible improvements on VAMOS specific frequency hopping schemes. Since the solution proposed in [2] has some inherent limitations (e.g., not applicable in cells utilizing synthesizer hopping), it was not considered any more in the following texts. Only the solution proposed in [3] (“MAIO hopping” for MUROS/VAMOS) was discussed.
2 Generation of MAIO Hopping Sequences
In [3], the mobiles in a cell are divided into two sets. Legacy (non-VAMOS) mobiles are allocated in the first set, and VAMOS aware mobiles may be allocated in the second set. Mobiles in the first set reuse the frequency hopping standardized for GSM [6], whilst mobiles in the second set in addition hop among a set of pre-defined MAIOs (normally a subset of MAIOs used by the mobiles in the first set). All mobiles in a cell use the same HSN.
The idea of MAIO hopping sequence generation in [3] can be roughly described as follows:
· Denote MAIOA (MAIO Allocation) as the allowed MAIOs used by a mobile in the second set, with a number of 
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 elements.
· Values in MAIOA are taken in the set 
[image: image2.wmf]}

1

,...,

1

,

0

{

-

N

. Assume that a total number of 
[image: image3.wmf]M

 permutations of this set e.g. 
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 are pre-defined and stored in the mobile for every possible 
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· Denote MAIOHSN (MAIO Hopping Sequence Number) as an index used by the mobile to select a number in a specific permutation.
· During assignment, handover and reconfiguration, MAIOA and MAIOHSN (shortened as 
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) are signaled to a mobile in the second set. Every time a new MAI needs to be generated (according to current GSM standards), a mobile in the second set first obtains its MAIO according to the following equation:

 
[image: image7.wmf])

(

)

(

mod

i

i

MAIO

M

FN

FN

s

=

                                   (1)
An illustration of the MAI generation procedure in [3] is shown in Figure 1.
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Figure 1  MAI generation in MAIO hopping
It can be found that the above method has two obvious limitations. Firstly, given a size 
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, MAIOA is limited to take all values in 
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. Secondly, a large number of permutations need to be pre-defined and stored in mobiles in the second set. This leads to the lack of flexibility and waste of storages.
The first problem can be solved by making the left side of equation (1) above to be the index to an MAIO in MAIOA, rather than the actual MAIO itself. But there are no quick fixes to the other problem. One possible solution to all problems would be to replace the MAIO hopping sequence generation method in [3] by simply reusing the method for frequency hopping sequence generation already standardized in section 6.2.3 of [6]. The idea can be described as follows:
· Denote MAIOA (MAIO Allocation) as the allowed MAIOs used by the mobiles in the second set, with a number of 
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 elements. This is a concept similar to “MA” in GSM, and also is the same as the “MAIOA” defined in [3], except that there’s no limitation on the values taken by its elements.
· Denote MAIOHSN as the MAIO hopping sequence number. It may be equal to HSN, but other values are also possible. This is a concept similar to “HSN” in GSM. Note that this is not the same as the “MAIOHSN” defined in [3].
· Denote MAIOAIO (MAIO Allocation Index Offset) as an offset allocated to each mobile in the second set for the computation of MAIOs. Each mobile in this set uses a unique MAIOAIO value. This is a concept similar to “MAIO” in GSM.
· Denote MAIOAI (MAIO Allocation Index) as the index to an MAIO in MAIOA. This is a concept similar to “MAI” in GSM.
· During assignment, handover and reconfiguration, MAIOA and MAIOAIO (and MAIOHSN, if it’s not equal to HSN) are signaled to a mobile in the second set. Every time a new MAI needs to be generated, a mobile in the second set first obtains its MAIO Allocation Index (MAIOAI) according to the “hopping sequence generation” procedure described in section 6.2.3 of [6], with some variable replacements as in table 1:

Table 1 Variable replacements for computing MAIOAI with existing hopping sequence generation procedure in section 6.2.3 of [6]
	Variables for MAI computation
	Variables for MAIOAI computation

	MAI
	MAIOAI

	MAIO
	MAIOAIO

	HSN
	MAIOHSN


An illustration of the MAI generation procedure in the proposed solution is shown in Figure 2.
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Figure 2  MAI generation in the proposed solution

It is clear that the proposed solution reuses existing standards to a reasonable extent, and avoids the waste of storages of the mobiles in the second set. The added computation effort for MAIO generation is trivial.
3 Adaptability of MAIO Hopping to Variable Radio Conditions
MAIO hopping itself is a neat way of spreading interference among VAMOS sub channels, thus obtaining diversity gains. But when it is coupled with other algorithms, the cost is also non-negligible. In [4], there are some discussions about the impact of diversity schemes such as MAIO hopping upon current RRM policies. It was believed that random pairing of users may increase the possibility of call drop at the cell boundary, and may further complicate the design of effective power control algorithms due to the ambiguity of measurement reports when MAIO hopping is employed. It was also pointed out that for the first problem, static MAIO segregation will not help too much since the distribution of voice traffic in a cell varies from time to time.
Another problem of MAIO hopping which was not mentioned in [4] is the fluctuation of the performance of ACCH signaling. With uncertain and uncontrollable random pairing, the possibility of loss of signaling messages is inevitably increased.
It may be argued that the above problems will only occur in certain scenarios with plenty of variance in radio conditions over a cell. But another concern is immediately raised: How can MAIO hopping be adapted to different scenarios? Preliminary simulations provided in [5] showed that the gains of MAIO hopping are negligible in tight reuse scenarios. Even if the gains were more remarkable in loose reuse scenarios, MAIO hopping would still be of less significance for its dependency on specific scenarios.
The key issue here is that, while random pairing is useful in spreading interference, fixed pairing is also crucial in maintaining two calls simultaneously and stably on one slot. It would be beneficial to find some way of adaptive pairing based on the variation of radio conditions.
One possible solution is to enable the capability of tuning the “degree of randomization” (denoted by
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· 
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: Fixed pairing selected by RRM channel assignment and/or channel mode adaptation algorithms (i.e. legacy GSM frequency hopping).

· 
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: Random pairing (i.e. MAIO hopping as defined in [3]).
· 
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: Random pairing with periodical regression to fixed pairing.

This can be implemented as follows:
· Denote RPI (RRM Pairing Interval) as the regression period (in frames), and MAIO0 as the MAIO selected for fixed pairing. The only change made to MAIO hopping is that, for every RPI frames a mobile in the second set ignores the generated MAIO in Figure 1 or Figure 2 and uses MAIO0 instead. RPI may be coded in several bits, representing the adaptability for typical scenarios, including the case of 
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· A “starting time” (FN0) may also be needed to indicate when the above change takes effect.

· RPI, MAIO0 and FN0 need to be signaled to a mobile in the second set. This can happen at the same time as MAIO hopping, or when RPI or MAIO0 needs to be adjusted during a call by some RRM policies.
It can be seen that great flexibility has been achieved by introducing RPI. The base station is now able to balance the interference diversity and call qualities of weaker sub channels.
4 Conclusion
In this contribution, several potential limitations of the MAIO hopping scheme proposed for MUROS/VAMOS were discussed, and some possible solutions were proposed to solve these problems. It is suggested that more discussions should be made on the evaluation and selection of diversity schemes before they can be adopted to further improve the capacity of MUROS/VAMOS capable networks.
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