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1 Introduction

In RAN1#50bis and #51, some agreements were reached about Uplink frequency hopping [9]. However, the exact definition of the frequency hopping pattern needs to be discussed further in order to reach an agreement. 

In this contribution, we propose a suitable frequency hopping pattern for the uplink LFDMA transmission.
2 Basic Frequency hopping scheme
Let 
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be the total number of Resource Blocks (RBs) used for hopping transmission excluding RBs for PUCCH transmission. Let these RBs be divided into M sub-bands of 
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contiguous RBs each.

If a UE is assigned a VRB index x in the UL resource allocation, it is understood that the PRB index actually used for transmission in TTI (or slot) number t is

PRB(t) = (x + a(t)N )mod 
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where

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

a(t)
is a value from the set {0,1,…,M-1} 
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 r(t) represent the 11-bit shift register value at time t. A pseudo-random value in the range 0 to M-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.

3 Combining Frequency hopping scheme with Mirroring on/off
The above described frequency hopping scheme can be combined with mirroring on/off as shown on Figure 1 below. Then the PRB index actually used for transmission in TTI (or slot) number t can be modified as follows [10]:

PRB(t) = (x + a(t)N+(N-1-2(x mod N))*mirr(t)) mod
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Where
· 
[image: image8.wmf](

)

(

)

M

M

t

r

floor

t

a

t

a

mod

))

1

mod(

)

2

/

)

(

(

1

1

(

-

+

+

-

=

; with initial value of a(0)=0. a(t) is an intermediate parameter that ensures the successive frequency hoping shift values are always different.
· mirr(t) = r(t) mod 2; which determines whether mirroring is switched on or off {0,1}.
· r(t) is a cell specific random sequence and the possible value is one of  {0,1,2,…,2M-1}. 
r(t) can be produced from shift registers (m-sequence) described in section 2 or QPP generator as follows:
 r(t) = QPP(t) mod 2M;
where QPP(t) = ( a1*t + a2*(t^2) ) mod T ;  

T is the length of the sequence and a1 and a2 are integer coefficients in the range 1 to T-1. 

If T is a power of 2 then the only requirement is that a1 must be odd and a2 must be even. Therefore, there are T/2 possible values for a1 and (T/2)-1 possible values for a2, giving a total of (T/2)*((T/2)-1) combinations. For example if T=256 then there are 128*127=16256 possible QPP sequences which can be assigned to different cells.   

Therefore the QPP method seems to have the following useful properties: 

· Easy to calculate r(t) from  time index t without the need to update every sub-frame.

· Easy to generate a large number of sequences for different cells.
· Since r(t) is just a permutation of the numbers  0 to T-1, r(t) will be approximately uniformly distributed over 0 to 2M-1.
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Figure 1. Combination of FH scheme and Mirroring on/off for different M values.

4 Conclusions

This contribution proposed a frequency hopping pattern scheme with combination of mirroring on/off which can be adopted for E-UTRA Uplink hopping transmission.
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