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1 Introduction
To achieve the frequency diversity and interference diversity, Frequency Hopping (FH) localized transmission will be supported in E-UTRA uplink to substitute the distributed transmission. From the contributions [1-5], we can see the obvious FH gain over none FH, but the Frequency for hopping only provide the single granularity RB simulation in these contributions. In this contribution the predefined, the orthogonal in each cell, frequency ergodic, various granularities hopping pattern provides almost the same performance gain and suitable for mixed multiple RB allocation in E-UTRA uplink.
2 Constraints of Frequency Hopping Localized Mode
2.1 Orthognal in each cell

The frequency hopping mode is orthogonal in each cell, and the users in each cell including the FH users and scheduled users don’t collide. Furthermore the frequency hopping mode can be spread to multi-cell layout easily to maximally decreasing the collision between the adjacent cell users, harmonized with interference coordination method to get the Interference diversity.
2.2 Multiple Continuous RB Allocation
The frequency hopping users may transmit various type services, and the demands on frequency resource are different between the users, such as a part of one RB, one RB or multiple RBs. With the diversity of frequency resource requirement, if the frequency hopping mode is unsuitable, the hopping pattern may cause multiple RBs users use the discontinuous sub carriers to increase the PAPR/CM in uplink illuminating in figure 1. So the continuous RBs number for user is the important parameter to decide the starting frequency of hopping.
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Figure 1 multiple RBs users resource allocation
2.3 Predefined Mode

To achieve the maximal frequency diversity gain and interference diversity, the whole bandwidth for frequency hopping, the frequency hopping gap, the ergodicity of all the resource is more important for performance of frequency hopping. The Random frequency hopping and predefined frequency hopping are both main frequency hopping method, from the contribution [1-5], the predefined frequency hopping mode is more preferred as this mode can keep the orthogonal pattern and minimize the interference between users. The orthogonal, predefined frequency hopping mode can pass by all the frequency resource and the pass probability is equal, so the collision chance between the users in adjacent cells is only once in one hopping period.  The collision probability is the lowest in all frequency modes.
3 Solution for Various Granularity Frequency Hopping
It is hard to find a direct solution for various granularities frequency hopping, and to keep the single carrier character at the same time. So the hierarchical solution is used, just as the group containers hopping.

The various granularities users need to fill up in the same size group containers, and the group containers handle the frequency hopping according to the single granularity frequency hoping method, when the location of group container is confirmed, the frequency location of user in the group container can be determined by the relative offset in the group container.

Figure 2 illustrates a simple example of this group hopping method.
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Figure 2 example of this group hopping

The user 1,2,3 has the different granularity of RBs, the user 3 fills up in a single group container, and user 2,3 fill up in the another group container. The first step frequency hopping is based on the whole group container, and the second step frequency is based on the inside frequency relative offset in the group container.
An example frequency hopping method of first step can be based on Latin square; the Latin square is a hopping method which the pattern’s hopping logic gap is fixed. But for mixed multiple RBs users, the physical frequency gap is not fixed according to the RBs number of users.

The Latin square hopping method is a periodic increment sequence number method. 

The final mathematic expression for this method is below:

Suppose the scale of system frequency hopping is N RBs or sub carriers, K users, the transmit RBs or sub carriers requirements of each user is 
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; According to a container frequency width R, the whole N RBs are divided to M group containers; the user in the container has its own frequency relative offset 
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；G is user group container index，
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 means minimal hopping distance.
Figure 3 explains the detail implementation of the Latin square frequency hopping:
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Figure 3 implementation of hopping
In figure 3, the whole scale of system frequency hopping is 15 RBs, the container frequency width R is 3, 5 frequency hopping container.

Moreover, there are 3 users, the hopping gap 
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is 2, user 1 occupies 2 RBs, user 0, user 2 occupies 3 RB, and user 3 occupies 1 RB. So the user 1 and 3 can be group to container 0, and user 2 can be group to container 1. The base parameters of users can be easily got:

User 1  G=0，
[image: image13.wmf]b

=0;

User 2  G＝1，
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＝0;

User 3  G＝0，
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＝2

From the equation (1), the result can be derived:
At time 0, users occupy the frequency according to:
1（0～1），2（9～11），3（2）；
At time 1, users occupy the frequency according to:
1（6～7），2（0～2），3（8）；

At time 2, users occupy the frequency according to:
1（12～13），2（6～8），3（14）；
The following time, event can be deduced from above procedures.

If the hopping gap 
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of the adjacent cell is set to different number, the frequency hopping pattern can be kept quasi orthogonally, as only collide once with the same user in one hopping period.
4 Conclusion
In this contribution, from the analysis and simulation under the different scenario, the multiple granularity user, with the predefined, orthogonal in each cell, frequency ergodic, group container frequency hopping pattern provides almost the same performance gain with the single granularity user. Moreover the hierarchical solution is suitable for mixed various RB allocation in E-UTRA uplink. For further study, this frequency hopping method need consider the merging with the inter cell interference coordination and the detailed mapping method from logic to physics layer.
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6 Appendix- Simulation Asumption and Result

6.1 Simulation Asumption
Table 1-3 is the simulation assumption parameters sets

Table 1 Simulation parameters

	Parameter
	Assumption

	Bandwidth
	5.0 MHz

	Carry Frequency
	2.0 GHz

	Channel Model
	6-ray Typical Urban

	Velocity
	3km/h, 120 km/h

	Sampling Rate
	7.68 MHz

	RB Size
	12/36 subcarriers

	TTI length
	1.0 ms

	Antenna Configuration
	1 Tx, 2 Rx

	Equalizer
	FDE-MMSE

	Channel Estimation
	ideal

	HARQ combining method
	Chase combining

	HARQ transmission times
	4

	HARQ transmission interval
	6 TTI

	Hopping pattern
	Latin square inter TTI &intra TTI


Table 2 MCS parameters

	Modulation
	Code Rate
	TB Size
	# of Allocated

Subcarriers

	QPSK
	R=1/2
	138
	12

	
	
	282
	24

	
	
	426
	36

	16QAM
	R=1/2
	282
	12

	
	
	570
	24

	
	
	858
	36


Table 3 16 QAM Signal Constellation Rearrangements
	# of Transmissions
	Signal Constellation Rearrangement

	0
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6.2 Simulation Result
Link level performance comparisons between the non-FH and FH are illustrated from figure 4 to figure 20, the figure 4-11 are under 3km/h, figure 12-19 are under 120km/h。
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Figure 4 Initial BLER of QPSK, 12 subcarriers performance
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Figure 5 Initial BLER of QPSK, 36 subcarriers
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Figure 6 HARQ with chase combining, QPSK, 12 subcarriers performance
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Figure 7 HARQ with chase combining, QPSK, 36 subcarriers performance
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Figure 8. Initial BLER of 16QAM, 12 subcarriers
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Figure 9 Initial BLER of 16QAM, 36 subcarriers
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Figure 10 HARQ with chase combining of 16QAM, 36 subcarriers
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Figure 11 HARQ with chase combining of 16QAM, 36 subcarriers
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Figure 12 Initial BLER of QPSK, 12 subcarriers performance
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Figure 13 Initial BLER of QPSK, 36 subcarriers
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Figure 14 HARQ with chase combining, QPSK, 12 subcarriers performance
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Figure 15 HARQ with chase combining, QPSK, 36 subcarriers performance
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Figure 16. Initial BLER of 16QAM, 12 subcarriers
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Figure 17 Initial BLER of 16QAM, 36 subcarriers
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Figure 18 HARQ with chase combining of 16QAM, 36 subcarriers
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Figure 19 HARQ with chase combining of 16QAM, 36 subcarriers
According to the simulation results we have the following viewpoints:
Frequency hopping is effective to the 1 RB and 3RBs users. Moreover, the multiple granularity frequency hopping gain is almost the same with single granularity frequency hopping gain. 
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