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1 Introduction
In RAN WG1 #51, the way forward was agreed for the hopping in PUSCH transmission [1]. It supports the use of a cell-specific predefined hopping pattern with following agreements.
· Number of sub-bands for hopping pattern is equal to M
· The predefined cell-specific hopping pattern is used.

· M = 1
· Only mirroring over whole PUSCH band

· M > 1
· Hopping patterns between slots or sub-frames are defined based on inter sub-band hopping and mirroring on/off. 

· Exact hopping pattern is FFS
In addition, some companies proposed possible methods in [3], [4], [5], [6]. Therefore, based on the working assumption and these proposals, we suggest the exact hopping pattern equation for PUSCH transmission. 
2 Predefined hopping pattern in PUSCH
The exact hopping pattern equation is described in section 2.2 under the RB allocation in sub-bands introduced in section 2.1.  
2.1 Resource block allocation in sub-bands
In this section, we introduce the allocation of resource blocks in M sub-bands. The number of resource blocks in a sub-band is given by 
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is the total number of resource blocks used in PUSCH transmission.
Since the resource for PUSCH is the remaining resource not used for PUCCH transmission, 
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 may not be an integer multiple of M. If all sub-bands have same size as N, (
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) resource blocks are not included in the sub-band.  However, we prefer to keep them not used because the same sub-band size is easy to define the simple hopping pattern.
Figure 1 shows the example of resource block allocation assuming that the number of uplink resource block is 25 and M is 4. Since 4 resource blocks are used for PUCCH, 21 resource blocks are used for PUSCH. Accordingly, N is 5 RBs and 1 RB is not included in sub-bands as shown at the lower part in the Figure 1. 
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Figure 1. Examples of physical resource block allocation in sub-bands: 
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2.2 Hopping pattern in PUSCH

As we agreed, hopping pattern is defined based on inter sub-band hopping and mirroring on/off.  For sub-band hopping, it is preferred that the cyclic shift hopping is defined and the amount of cyclic shift is an integer multiple of the number of RBs, N, in a sub-band because it can be formulated with a simple equation as mentioned in [4],[5]. In addition, in case mirroring is on, the mirroring is applied within the sub-band.
As a result, the physical resource block number after hopping, 
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Parameters in above equations are defined as below:
· i : subframe (or slot) index synchronised between the eNodeB and UE
· 
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is the physical resource block number used in the (i-K)th hopping instance. The main motivation is to guarantee to have the different sub-band from the previous transmission in the same HARQ process for the inter-subframe hopping or the 1st slot for the intra-subframe hopping.
· 
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determines the amount of cyclic shift hopping and the possible value is one of {1,..M-1}
· 
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, where xi(.) is generated according to Section 7.2
· m(i) determines whether mirroring is switched on or off and the possible value is one of {0,1}, where 0 means mirroring is switched off and 1 means mirroring is switched on.

· m(i) =  xi(0), where xi(.) is generated according to Section 7.2
To obtain the elements of   xi(.),  the sequence generator given in 7.2 is initialized according to Tables 2 and 3 below. 
	Parameter
	Number of bits

	Cell_ID
	9

	i (subframe index)
	12

	Reserved (e.g all zeros)
	12


Table 2  Parameters used for initializing the sequence generator for  xi(.) when hopping is inter-subframe

	Parameter
	Number of bits

	Cell_ID
	9

	i (slot index)
	13

	Reserved (e.g all zeros)
	11


Table 3  Parameters used for initializing the sequence generator for  xi(.) when hopping is intra-subframe and inter-subframe

It is noted that 
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 is the physical resource number counted only in the hopping region. So, it should be re-calculated to get the real physical resource block number, 
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3 Conclusion

We propose to capture the equation described in section 2.2 to TS 36.211 to support the frequency hopping for PUSCH.
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