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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.
Even though the name OSC implies that orthogonality is involved, the two users are in fact not perfectly orthogonal since time dispersion on the channel (due to multipath propagation on the radio channel and filters in the transmitter and receiver) will cause leakage between the I and Q sub-channels. For the downlink, this means the two users will interfere one another. For the uplink, the phase difference between the two users will be random and hence orthogonality is not achieved even in the absence of time dispersion. This lack of orthogonality results in that each user is interfered by the user using the other sub-channel.

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.
2 Concept Description

The basic idea is to create interference diversity through frequency hopping. Different frequency hopping sequences are assigned to different users. This will result in that the pairing of users sharing a channel is broken (time variant) and therefore interference diversity is achieved. Numerous variants are possible. In general, the hopping sequences must be designed so that at most two users hop onto the same frequency and timeslot at any time instant.

Interference diversity can be achieved as follows. The frequency hopping standardized for GSM ‎[4] is reused. The users in a cell are divided into two sets. The users in the first set are assigned one frequency hopping sequence (defined by a Hopping Sequence Number, HSN) and the users in the second set are assigned a second frequency hopping sequence. All users are assigned the same set of frequencies (e.g., defined by the Mobile Allocation, MA). Each user is given a Mobile Allocation Index Offset, MAIO) that is unique within its mobile set.

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).

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

	Basic hopping sequence

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

	MAIO
	0
	1
	2

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


Table 1. Legacy frequency hopping parameters for case without OSC.

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

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

	Basic hopping sequence

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

	MAIO
	0
	1
	2
	0
	1

	Sub-channel
	0
	0
	0
	1
	1

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


Table 2. Legacy frequency hopping parameters for case with existing OSC solution.

This 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. Legacy 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). These are assigned the following parameters:

	
	M1
	M2
	M3
	M4
	M5

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

	Basic hopping sequence

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

	MAIO
	0
	1
	2
	0
	1

	Subchannel
	0
	0
	0
	1
	1

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


Table 3. Improved frequency hopping parameters for case with OSC.

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).

	Frequency
	9
	
	
	
	
	
	
	

	
	8
	
	
	
	
	
	
	

	
	7
	M3
	M1
	M5
	M2
	M4
	M1
	M5
	M3
	M2
	M4
	

	
	6
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	4
	M2
	M5
	M3
	M4
	M1
	M3
	M4
	M2
	M5
	M1
	

	
	3
	
	
	
	
	
	
	

	
	2
	
	
	
	
	
	
	

	
	1
	M1
	M4
	M2
	M3
	M5
	M2
	M1
	M4
	M3
	M5
	

	
	
	1
	2
	3
	4
	5
	6
	…

	
	
	
	
	Time
	
	
	
	


Figure 3. OSC with improved frequency hopping.

Note that it is desirable for each of the new MUROS training sequences to be orthogonal to all the legacy training sequences, as well as to the other new training sequences.
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). Note that also legacy mobiles will be able to utilize the gain of the frequency hopping feature, especially when having fractionally loaded TSs.
3 Simulation results 
3.1 Simulation assumptions

Simulations have been carried out using cyclic frequency hopping over 4 frequencies.

Scenarios where either 8 users or 7 users are sharing 4 TS’s have been investigated. For the case of 8 users on 4 time slots all timeslots use MUROS, while in case of 7 users only 3 out of four time slots utilize MUROS. The mobile stations are labeled M1 to M8. M1 to M4 are placed on the first sub channel while M5 to M8 are placed on the second sub channel.
Performance of one of the sub channels has been investigated. When frequency hopping scheme is applied the user investigated, M1, will cyclically be interfered by users M5, M6, M7 and M8 on the second sub channel (M2-M4 are allocated on the first sub-channel on the remaining frequencies). If no frequency hopping scheme is applied user M1 will always be allocated together with M4 on one timeslot.

DTX is modeled as a 2-state discrete time Markov chain where a speech activity factor and mean speech holding time can be set. Speech activity factor 0.6 and mean speech holding time 5 sec have been used in the simulations.

The simulations were carried out on a TU3iFH propagation model, using a DTS-2 interference scenario ‎[5]. The training sequences proposed in ‎[2] have been used.
3.2 Simulation Results for the Downlink
Simulations have been carried out both by using a QPSK modulation, i.e. having 0 dB in relative energy between the two MUROS channels, but also with a relative energy of 5.4 dB between the MUROS channels. The relative energy is achieved by using an α-value of 0.67, see ‎[3]. NOTE: If the adaptive symbol constellation described in ‎[3] is used, the α-value will probably be different depending on what other user M1 is multiplexed with. This is not modeled in the simulations, but a fixed value of α has been used.
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Figure 5 Performance with improved frequency hopping
It can be seen that there is a clear gain of using the frequency hopping scheme when 8 users are multiplexed on 4 TS’s. A gain of approximately 1 dB can be seen @ 1 % FER (solid blue compared to dashed blue).

If only 7 users are allocated on the 4 TS’s the gain is increased to approximately 2 dB. User M1 is always multiplexed with M5 if no frequency diversity is used, while M1 will be allocated alone on every 4 burst if frequency diversity is used (solid blue compared to dashed red).

In DL, the two sub-channels can have different power levels due to power control ‎[3]. The power difference between the sub channels have been investigated at 5.4 dB (the branch with lowest power level is investigated). In this case the gain with the diversity scheme increases even further, to 4 dB (solid black compared to dashed black). Further gains are expected if a larger difference in relative energy is used. Also, even further gains are expected if the fractional load of the TS in the cell is decreased.
4 Conclusions
Frequency hopping schemes have been proposed. 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. 
The simulation results show significant gains in the downlink. The performance for the uplink is FFS but gains are also expected.
The method will also enable support for legacy terminals since already available MAIO functionality is used in the system. The method can also 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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