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Frequency Hopping Schemes for MUROS
1 Introduction
A study item named MUROS (Multiple User Reusing One Slot) ‎[1] was agreed at GERAN #36. The basic idea is to allow two (or more) voice users to share the same carrier frequency and the same time slot, both in the downlink and in the uplink. 

There are several possible technical realizations of MUROS. In one MUROS solution ‎[2], a QPSK modulation is used in the DL (downlink). The two user signals are mapped to the real and imaginary parts of the baseband signal. These are called the I and Q sub-channels, and under some conditions they are orthogonal, and therefore named OSC (Orthogonal Sub-Channels). In ‎[3] it is proposed to use a variant of OSC based on hybrid quaternary modulation in the DL dubbed 
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-QPSK modulation. 
In the uplink, one solution ‎[2] is to use GMSK. The two GMSK modulated signals from two mobile stations are transmitted on the same timeslot and carrier frequency (or sequence of frequencies in case frequency hopping is deployed). On the receiver side, multi-user detection or interference cancellation techniques can be used to demodulate the two signals.
In this contribution a method to create interference diversity (i.e., to ensure that a user is not continuously interfered by the same other user) is described. Diversity is achieved by means of frequency hopping. The frequency hopping schemes can be applied both in the uplink and downlink. Initial simulations in the downlink show substantial gains. The performance in the UL is FFS.
At the Ad Hoc on EGPRS2/WIDER/MUROS/MCBTS another diversity scheme for baseband hopping was presented, see ‎[6]. The method presented in this paper will allow for more flexibility and could also be used in cells utilizing synthesizer hopping. However, a new signaling procedure is needed to the users of the second sub-channel.

2 Concept Description

Assume that the MAIO takes values in the set 
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consists of all bijective mappings from 
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. The length of the MAIO hopping sequence is chosen to be an arbitrary positive integer 
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 A MAIO hopping sequence is defined by a set of 
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. Repetitions are allowed. That is, it is possible to choose 
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. Given a time specified by the counter FN, the MAIO for the 
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-th call assigned to the second OSC sub-channel is 
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Here 
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denotes the arithmetic modulo operator. 

Since the same hopping sequence is used for the different sub channel sets it is guaranteed that at most two users hop onto the same frequency and timeslot at any time instant.
An example is given below.

· The frequency group consists of 12 frequencies numbered 1,2,…,12.

· 1/3 reuse is used.

· In the given cell, frequencies {1,4,7,10} are used (the MA).

· Each cell uses three TRXs, i.e. three MAIO values can be used.

First, consider the case where OSC is not used. Assume that, on a given timeslot, three mobile stations, M1, M2 and M3, are active in the cell. They are given the parameters shown in Table 1.

	
	M1
	M2
	M3

	MA
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}

	Basic hopping sequence

	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]

	MAIO
	0
	1
	2

	Frequency sequence
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]
	[0,4,10,7,0,7,10,4,…]


Table 1. Frequency hopping parameters for case without OSC.

The frequency hopping is illustrated in Figure 1.
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Figure 1. Frequency hopping, without OSC.

It can be seen that not all frequencies are used in the cell at a certain time instance since the cell only has three TRXs (possible frequencies).

Next, consider the existing OSC solution. Assume that two more mobile stations are present in the cell, M4 and M5. They are assigned parameters as shown in Table 2.

	
	M1
	M2
	M3
	M4
	M5

	MA
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}

	Basic hopping sequence

	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]]
	[2,3,1,0,2,0,1,3]

	MAIO
	0
	1
	2
	0
	1

	Sub-channel
	0
	0
	0
	1
	1

	Frequency sequence
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]
	[0,4,10,7,0,7,10,4,…]
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]


Table 2. Frequency hopping parameters for case with existing OSC solution.

Using the frequency sequence in Table 2 results in the frequency hopping illustrated in Figure 2. It is evident that mobile stations M1 and M4 continuously use the two sub-channels of the same channel and thereby are subject to each other’s inter-sub-channel interference. Similarly, M2 and M5 continuously interfere each other. M3, on the other hand, is not subject to any inter-sub-channel interference.
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Figure 2. Frequency hopping, with existing OSC solution.

Finally, consider the OSC solution with improved frequency hopping. Assume there are still 5 mobile stations in the cell (on the considered timeslot number). The same parameters are used as in Table 2 but users of the second sub-channel, i.e. M4 and M5 will hop between the MAIOs.

A set of permutations giving the MAIO hopping sequences in Table 3 is chosen.
	
	MAIO

	M4
	0
	2
	2
	1
	2
	0 
	2
	1 ...

	M5
	1
	1
	0
	0
	1
	2 
	0
	0 ...

	
	FN=0
	FN=1
	FN=2
	FN=3
	FN=4
	FN=5 .
	FN=6
	FN=7 ...


Table 3 MAIO Hopping Sequences
The following table shows the resulting assignment of frequencies.

	
	M1
	M2
	M3
	M4
	M5

	MA
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}
	{1,4,7,10}

	Basic hopping sequence

	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]
	[2,3,1,0,2,0,1,3]

	MAIO
	0
	1
	2
	from Table 3
	from Table 3

	Sub-channel
	0
	0
	0
	1
	1

	Frequency sequence without hopping over MAIOs
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]

	[7,1,10,4,1,7,10,4,…]
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]

	Frequency sequence applying cyclic hopping over MAIOs in sub-channel 1
	[7,10,4,0,7,0,4,10,…]
	[10,0,7,4,10,4,7,…]
	[7,1,10,4,1,7,10,4,…]
	[7,4,10,4,0,0,10,0 ,…]
	[10,0,4,0,10,7,4,10,…]


Table 4 Frequency sequences

The resulting frequency hopping is illustrated in Figure 3. It can be seen that the interference diversity has improved. E.g., mobile station M1 is sometimes interfered by M4, sometimes by M5 and sometimes not interfered at all. A similar improvement is seen for M2. M3, which was never subject to inter-sub-channel interference with the existing OSC solution, is now sometimes interfered by M4 or M5. But the fairness has improved due to the improved frequency hopping. Further, since the channel coding makes the channel robust to a certain amount of interference, it is likely that the speech quality on average has improved in the cell (assuming the network is well dimensioned to handle the given load).
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Figure 3. OSC with improved frequency hopping.
2.1 Legacy support
Since the frequency hopping scheme uses already available MAIO hopping the diversity scheme will support legacy mobiles (given that legacy mobiles can be supported by the MUROS concept and that they are allocated to sub channel one). Note that also legacy mobiles will be able to utilize the gain of the frequency hopping feature, especially when having fractionally loaded TSs.

2.2 Additional signaling

Both the users of the first and second sub-channel will re-use the frequency hopping in GSM is defined in the 3GPP specification 45.002 ‎[4]. However, the second set of users will use an additional hopping sequence to hop between MAIOs, which needs to be signaled to the mobile station.

To generate the MAIO hopping sequence, the MS must know the set of allowed MAIOs (the MAIO Allocation, MAIOA). Given the MAIOA, the number of MAIOs to hop over is known. Assuming that the permutations are predetermined and stored in the mobile station, the MS selects the permutation corresponding to the size of the MAIOA and an additional parameter determining which MAIO hopping sequence to use (the parameter i in the example in section ‎3.1). This is here denoted the MAIOHSN.

Optionally, several permutations can be defined for each given MAIOA size. This requires another parameter to be signaled to the mobile station, a MAIO permutation number, MAIOPN.

The MAIOA, the MAIOHSN and optionally the MAIOPN need to be signaled to the mobile station during assignment, handover and reconfiguration. It is necessary to update the relevant signaling messages to convey the new parameters.

Since the resource allocation in the cell can change during a call, it should be possible to change the parameters during a call. Therefore, the signaling messages should also include means for coordinating the change to new hopping parameters between all MS, e.g., a starting time after which the new parameters apply.

3 Conclusions
Frequency hopping schemes have been proposed for MUROS. It has been shown that the interference diversity is increased. For example, if a user is in DTX, the reduced inter-sub-channel interference is spread out among several other users instead of just one. Further, in a fractionally loaded cell (i.e., less than two users per timeslot), the link performance degradation due to sub-channel multiplexing is spread out among more users, thereby reducing the performance loss of each individual user. 
No simulation results have been provided in this document but similar gains as shown in ‎[6] can be expected.
The method will also enable support for legacy terminals since already available MAIO functionality is used for the first sub-channel. For the second sub-channel, additional signaling is needed for the hopping sequence over the MAIO allocations. The method can be used on all speech channels, both full rate and half rate, available today.

It is proposed to include the improved frequency hopping described in this contribution in the MUROS concept as a means to increase diversity. 
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