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1 Introduction

Frequency hopping may be used to obtain frequency diversity in the uplink for frequency selective channel conditions. This contribution shows that explicit signalling of the frequency hopping patterns to the UE is required. 
2 Frequency hopping patterns
Uplink transmissions must be localized to limit the peak-to-average power ratio in the UE. To achieve frequency diversity, frequency hopping per timeslot (intra-subframe frequency hopping) or per transmitted subframe (inter-subframe frequency hopping) may be used. Inter-subframe frequency hopping is discussed as part of the adaptive HARQ retransmissions in [1].
The frequency hopping function for a specific UE depends on the resource allocations of all other UEs scheduled in the same subframe / timeslot. Figures 1 and 2 show two examples of possible frequency hopping patterns, given a number of UEs and their respective resource allocations.

Figure 1 shows an allocation consisting of six RBs assigned to three UEs. UE #1 is assigned four RBs and UE #2 and #3 are assigned one RB each. The left side of Figure 1 shows an initial resource allocation, while on the right side the four possibilities of frequency hopped allocations are given. An allocation consists of one timeslot in the case of intra-subframe frequency hopping.
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Figure 1: Possible frequency hopping with three UEs
Figure 2 shows the same allocation as in Figure 1 consisting of six RBs, but assigned to two UEs only. UE #1 is assigned four RBs and UE #2 is assigned two RBs. The left side of Figure 2 shows an initial resource allocation, while on the right side the only possible frequency hopped allocation is given. 
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Figure 2: Possible frequency hopping with two UEs
When comparing Figure 1 and Figure 2, the possible frequency hopping patterns for each UE depend on the size (in number of RBs) and location (in frequency) of the resource assignments assigned to all other UEs. Therefore, a frequency hopping function fhop(.) as given in Section 5.3.4 of TS36.211 for one particular UE depends on the resource assignments for all other UEs within the same subframe/timeslot. Since these dependencies of the frequency hopping function are known to the eNodeB, but not to the UE, the frequency hopping function needs to be signalled explicitly. 
3 Signalling requirements for the frequency hopping function
Given an initial resource allocation, any frequency hopped allocation can be described with a frequency hopping offset. Table 1 shows the maximum number of bits required for describing the frequency hopping offset in multiples of RBs when the frequency hopping offset covers the entire system bandwidth.
	System Bandwidth
	Max. number of bits needed for offset in multiple of RBs

	20 MHz
	7

	10 MHz
	6

	5 MHz
	5

	2.5 MHz
	4

	1.25 MHz
	3


Table 1: Maximum number of bits for frequency hopping offsets 

In case of limiting the granularity or range (i.e. frequency shifting only by multiples of  N x PRB (N>1) or frequency shifting  only within a limited subband), the number of bits required for signalling the offset can be reduced.  

The frequency hopping function (i.e. the frequency offset between first and second timeslot) needs to be conveyed to the UE as part of the scheduling grant. It may be noted that the possibility of intra-subframe frequency hopping necessarily increases the uplink scheduling grant size.

We believe that  no more than 3 bits are required for describing a suitable frequency shift for UL intra-subframe frequency hopping.

4 Proposed Solution: Frequency shift information as part of the UL Scheduling Grant
It is proposed to explicitly signal frequency shift with 3 bits as part of the UL scheduling grant. 

This approach has the following advantages:

· can avoid fragmentation in the RB space
· allows efficient pairing of resources for frequency hopping users
· if different scheduling grant formats are acceptable for different UEs, the frequency shift field may be configurable per UE
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