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Frequency Hopping Scheme for VAMOS
1  
Introduction

A work item named VAMOS (Voice services over Adaptive Multi-user channels on One Slot) was agreed at GERAN#40 meeting, whose basic idea is to allow two or more voice users multiplexing on the same carrier frequency and the same time slot, both in downlink and uplink [1]. Among proposed candidate techniques for VAMOS, there were several discussions on frequency hopping schemes proposed for MUROS/VAMOS [2, 3, and 4]. Since the scheme proposed in [2] is not applicable in synthesized hopping, it was not further considered after the meetings. The scheme in [3] needs signalling MAIOA (MAIO Allocation) and MAIOHSN (MAIO Hopping Sequence Number), and a large number of predefined long-term MAIO hopping sequences in the mobile station. The scheme in [4] needs signalling MAIOA and MAOAIO (MAIO Allocation Index Offset), and reuses the current complicated frequency hopping sequence generation algorithm to generate the MAIO value in each TDMA frame and then uses this MAIO value to calculate the MAI [5]. 
In this contribution, we further discuss the related frequency hopping scheme and give our solution which can not only easily obtain the user diversity gain and frequency diversity gain in case of fractional load and DTX but also need less additional signalling overhead and minimum specification impact.
2  
Principle description
The basic idea of current VAMOS is to allow two voice users multiplexing on the same carrier frequency and the same time slot. Therefore, a new improved frequency hopping scheme for VAMOS should be designed to guarantee that at most two users can occupy the same frequency in each time slot in each cell, that is to say, at most two users can have the same MAIO value corresponding to two subchannels at any time instant. Moreover, the user pairing status can be changed in order to avoid that one user continuously suffers the interference from its pairing user. Thus, any user has the opportunity to exclusively occupy one frequency when the system is fractional load (i.e. less than two users per time slot) or pair a DTX user when DTX technique is employed. So user diversity can be achieved in case of fractional load or DTX by the means of averaging the inter-subchannel interference. Allowing for the backward compatibility of the legacy user terminal, it is common understanding to assign subchannel 1 to the legacy user. So the new frequency hopping scheme should have no impact or change on subchannel 1 and continue to use the current GSM standardized frequency hopping scheme in order to support the legacy user.

So, the principles of the new improved frequency hopping scheme for VAMOS are listed in the following:

1) at most two users on the same time-frequency resource;

2) variable user pairing status;

3) minor additional signalling overhead;

4) no change on subchannel 1.

Then our solutions based on the above principles are shown in the next sections.
3 
Frequency hopping scheme based on cyclic MAIO
In this frequency hopping solution for VAMOS, all the users in one cell have the same HSN (Hopping Sequence Number) and MA (Mobile Allocation). Users on subchannel 1 have the fixed MAIO value assigned by BSC during the course of channel assignment procedure and calculate the carrier frequency according to the current standardized GSM frequency hopping scheme in each TDMA frame [5]. Users on subchannel 2 have the variable MAIO value, which is cyclically hopped in each TDMA frame. There are two steps for subchannel 2 to implement frequency hopping:
Firstly, the user on subchannel 2 calculates the current MAIO value according to the initial MAIO value, Frame Number and the MAIOA size. An example is shown in the equation (1).
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where M is the size of MAIOA, FN is the frame number, and MAIO0 is the initial MAIO value assigned by BSC.

Secondly, having got the MAIO of the current TDMA frame, the user calculates the carrier frequency according to the current GSM specification. 
Each user has the unique MAIO value within its corresponding subchannel set. Thus, at most two users can occupy the same carrier frequency at the same time slot. Meanwhile, the user on subchannel 2 has the cyclic hopping MAIO in each TDMA frame, so the user pairing is also variable in each frame, that is to say, the user is not continuously interfered by the same paring user. The carrier frequency and user pairing status of each user change in each TDMA frame through this proposal. Therefore, both user diversity gain and frequency diversity gain can be obtained. 

An example is given below.

· The frequency group consists of 9 frequencies numbered 1,2,…,9.

· 1/3 reuse is used.

· In the given cell, frequencies {1,4,7} are used (this is the MA).
· There are still 5 mobile stations in the cell (on the considered timeslot number), M1, M2 and M3 on subchannel 1, M4 and M5 on subchannel 2.
· Subchannel 2 uses the proposed solution 1.
The detailed frequency hopping parameters are listed in Table 1.
Table 1. Improved frequency hopping parameters for VAMOS.

	
	M1
	M2
	M3
	M4
	M5

	MA
	{1,4,7}
	{1,4,7}
	{1,4,7}
	{1,4,7}
	{1,4,7}

	Basic hopping sequence

	[2,0,1,0,1,2,…]
	[2,0,1,0,1,2,…]
	[2,0,1,0,1,2,…]
	[2,0,1,0,1,2,…]
	[2,0,1,0,1,2,…]

	MAIO
	0
	1
	2
	0,1,2,0,1,2,…
	1,2,0,1,2,0,…

	Subchannel No.
	1
	1
	1
	2
	2

	Frequency sequence
	[7,1,4,1,4,7…]
	[1,4,7,4,7,1…]
	[4,7,1,7,1,4…]
	[7,4,1,1,7,4…]
	[1,7,4,4,1,7…]


The resulting frequency hopping is illustrated in Figure 1. It can be seen that both the pairing user and the carrier frequency of each user are changed in each TDMA frame. The interference is averaged among all the users through this solution. Therefore, both user diversity gain and frequency diversity gain can be achieved at the cost of only one additional signalling overhead to indicate MAIOA size which can be signalled to the mobile station via broadcasting. 
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Figure 1. Improved hopping sequence using proposed solution.

4 
Conclusion

In this contribution, VAMOS frequency hopping based on cyclic MAIO hopping was discussed. In summary, the proposed solution can guarantee that at most two users hop on the same carrier frequency and the same time slot at any time instant. Users on subchannel 2 use the proposed frequency hopping scheme while there is no change to users on subchannel 1. It is easy to implement the user diversity without any additional complexity. It can ensure that one user is not continuously interfered by another same user. This proposed solution can get both frequency diversity gain as well as user diversity gain.

Moreover, this solution needs only one additional signalling to indicate the MAIOA size which can be broadcast in system information. Therefore, this will make a minor change on the current GSM specification.
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� The length of the hopping sequences are assumed to be six. These hopping sequences are used for illustrative purposes only and do not reflect actual hopping sequences for GSM � REF _Ref194893626 \r \h ��[5]�.
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