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1 Introduction

During TSG-RAN WG1#46bis discussions, it was decided that Localised FDMA (L-FDMA) with inter and intra TTI frequency hopping (L-FDMA+FH) would be used for EUTRA Uplink. However, there was not any discussion about what kind of frequency hopping pattern can be supported by EUTRA Uplink.

In this contribution, we collect some requirements that can be used for the selection of an efficient hopping pattern for L-FDMA uplink and propose a suitable frequency hopping scheme for the uplink.

2 Requirements for Frequency Hopping Pattern 

It is well-known that frequency hopping provides service quality improvement through interference averaging and frequency diversity. However, frequency hopping needs to be tailored for each system. The following requirements are applicable to the LTE system [5-6]:

· No collision between hopping UEs in the same cell. 
· Different hopping patterns in neighbouring cells to reduce inter-cell interference.

· High degree of frequency diversity for one UE throughout hopping pattern for the subsequent transmissions.
· Preserve the single carrier property of the L-FDMA

· Signalling overhead for informing UEs of a specific or common hopping sequence should be kept as small as possible.
· Frequency hopping should be designed for small sized packets intended to persistent scheduled UEs (e.g. VoIP service) as well as high speed UEs. 
3 Frequency hopping scheme
Let NRB be the total number of Resource Blocks (RBs) in the whole bandwidth. Let the bandwidth be divided into S sub-bands of N=NRB/S contiguous RBs each.

If a UE is assigned a RB x, it is understood that the RB actually used for transmission in TTI (or slot) number t is

y = (x + a(t)N )mod NRB
where

t
is a TTI (or slot) counter synchronised between the eNodeB and UE

a(t)
is a value from the set {0,1,…,S-1} 
If a UE is assigned more than one RB, then the calculation above is performed for each assigned RB. Provided that all the assigned RBs are contiguous and contained within one of the S sub-bands, the single carrier property is retained even after applying the frequency hopping shift a(t). It follows that the largest allowable contiguous allocation for a hopping UE is N RBs. The signalling of the assigned contiguous resource allocations have already been proposed in [7]. 
The periodic sequence a(t) is common for all UEs in the cell, and should have the following properties.

1. It should be different in different cells in order to randomise inter-cell interference.

2. It should be simple to generate (to minimise computational load in the eNodeB and UE).
3. It should be defined by a small number of parameters (to minimise signalling load).
4. Its period, T, should be much longer than the transmission interval of persistently scheduled users (otherwise there is a risk that the transmission interval is equal to the period of a(t), in which case there would be no frequency diversity).

In the case that some TTIs are set aside for hopping UEs, the hopping shift a(t) would only be applied in those TTIs. Dynamically scheduled UEs may still be scheduled in such ‘hopping TTIs’ in any RBs which are not occupied by hopping UEs.

One possibility is to generate a(t) using a pseudo-random sequence, resetting the sequence every T TTIs (or slots). A large number of sequences could easily be generated in this way and the sequence number could be signalled efficiently. For example, consider the shift register arrangement below which produces a length 2047 pseudo-random binary (PRBS) sequence.
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Figure 1.  11-bit shift register.

The shift register state is updated each TTI (or slot). Let m(t) represent the 11-bit shift register value at time t. A pseudo-random value in the range 0 to S-1 can be obtained as follows.
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By resetting the shift register every T =256 TTIs (or slots), 8 different sequences can be produced using different initial states. Obviously a longer shift register could produce more sequences, and/or a larger period T. These different sequences can also be assigned into different cells. 
If required, the calculation above could be modified slightly to ensure that successive values of a(t) are always different, as follows:
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, where a(0)=0.

Figure 2 shows a hopping pattern for four UEs where UE1 to UE3 are assigned 1RB each while UE4 is assigned 2RBs. In this example, a(t) has values of 0, 2, S-1 and 1 for TTI#0, TTI#1, TTI#2 and TTI#n respectively.
In summary for the above hopping scheme, the followings are needed to be signalled to the UE:

1) The index of the hopping sequence, so that UE can load and initialise the shift register with the right values. The selected hopping sequence can be fixed in a cell throughout transmissions or can be changed periodically to ensure that any resulting inter-cell interference will be short lived. A common index can be signalled on the broadcasting channel (BCH) to all UEs.
2) The assigned contiguous resource blocks (RBs). This is only signalled at the start of the transmissions when UE has data to transmit or persistently scheduled data.
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                                  Figure 2. Hopping Pattern for four UEs in a cell.

4 Conclusions

This contribution outlines some requirements for the selection of an efficient hopping pattern for L-FDMA uplink. In addition, a method for generating hopping patterns has been described for L-FDMA which avoids collision between hopping UEs and at the same time mitigates other cell interference. Hence, we propose such frequency hopping scheme to be adopted for E-UTRA Uplink.
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