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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. It further considers several options for the hopping and associated signalling.

2 Frequency hopping patterns

Uplink transmissions must be localized in each OFDM symbol 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. Subframe based 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 slot based 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 
[image: image3.wmf]D

F

 . Table 1 shows the maximum number of bits required for describing the frequency hopping offset 
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 in multiples of PRBs 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

	3 / 3.2 MHz
	4

	1.4 / 1.6 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 could also be reduced.  

The frequency hopping function (i.e. the frequency offset 
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 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 slot-based frequency hopping necessarily increases the uplink scheduling grant size.

3.1 Criterions for frequency hopping allocations

For the slot based frequency hopping the criterions are:

· Sufficient wide range of hopping to acquire sufficient diversity

· Interworking with (VoIP) persistent diverse UL allocations

· Low and limitable spectrum fragmentations

· Interworking with UL Interference Avoidance (ICIC) and diverse allocations

4 Discussion of frequency hopping possibilities

In Figure 1 it is shown a hopping allocation where a frequency shift
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 is used between the allocation for multiple UEs. Examples are given for the 5 MHz case without loss of generality. For the notation we can make some general definitions. First since the PUCCH takes away from the usable bandwidth in uplink the frequency value
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 shall be denoted as the available bandwidth after PUCCH width has been subtracted.
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Figure 1: Description of spectrum allocation in UL together with a hopping configuration

Secondly, in order to make hopping configurations easier, a cyclic repetition or wrap around for the PRBs inside the range of 
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 can be thought of. This would mean that all frequency values and also an allocation for the second slot e.g. 
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 would then be calculated modulo 
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 as:
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Now some frequency hopping possibilities shall be considered. In order to save signaling overhead these are described with as minimum signaling associated as possible.

Hopping with frequency shift 
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 in the grant
This configuration is shown in Figure 1 above already. The green and orange allocations exemplify this method. If 
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 is the allocation of the lowest PRB number in the first slot and 
[image: image15.wmf]1

f

 is the allocation of the lowest PRB number in the second slot this allocation 
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 is defined by being
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 or else. 
This shift with a small granularity can be part of the grant e.g. 
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. As a special case
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 could be two elements in the set to realize the hopping in Figure 1.

This way, matching pairs inside a frequency band can be constructed as shown also in Figure 1.
This possibility allows a hopping configuration for multiple UEs inside a frequency band which is important for the usage of diverse allocations in a scenario for UL Intercell Interference Coordination. This frequency band is described as preferred frequency band in Figure 1 as well.

The case of ICIC is important here. If e.g. three frequency subsets are used which are assigned differently in neighboring cells to avoid collisions in the cell edge area it is absolutely necessary that the diverse allocations (e.g VoIP) are done in a hopping mode inside the preferred subsets. Thus the hopping with frequency shift in the grant is indispensable to enable ICIC.
Hopping with half of available Bandwidth
If maximum frequency diversity shall be achieved the frequency shift 
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 is selected roughly as half of the available bandwidth
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. If  
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 is an even number of PRBs, due to the wrap around, the second slot allocation 
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 is just given by 
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which can be signaled as one possibility.

This hopping is shown in Figure 2.
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Figure 2: Illustration of hopping with half of available bandwidth in UL. Due to a wrap around of the spectrum, the allocations above 
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 will hop to the lower half of the spectrum

An advantage of this hopping method is that all allocations have the same frequency diversity.

Hopping with mirroring

The allocation starts in the first slot at
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. The size of the allocation (resources) is denoted here by 
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. A mirroring of the allocation at the center frequency can be achieved if the second slot frequency is set to
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. This is shown in Figure 3.
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Figure 3: Hopping with mirroring of the allocation at the center frequency

This method has serious disadvantages. First the fragmentation of the spectrum can not be confined into a subband of the spectrum. Second this does not support UL ICIC since there can be no hopping inside different bands. Indeed on the opposite, if there is e.g. VoIP allocation in this way in multiple cells with a medium load maximum interference between the cells is caused with this allocation method. This has be avoided. Thirdly the diversity of the hopping shrinks the more hopping allocations are made.

The rules or formulas for hopping that were given above could be partially re-used for another hopping possibility and partially new rules had to be added. Three hopping modes could be configured per UE mode A, B and C as given below. The value of 
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 out of a frequency set e.g. 
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 is then signaled with 2 or 3 bits as part of the grant. In the table below the rules or formulas are listed which then summarizes all rules that need to be available.  

	Mode
	Rule 
	Mode description

	Hopping mode A
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	With frequency shift (grant) only

	Hopping mode B
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	with half of available Bandwidth

	Hopping mode C
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	with mirroring


Including the possibility of no hopping multiple possibilities are listed here, this requires 3 bit for signaling to cover all possibilities. The NodeB has to guarantee that valid allocations inside 
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 are signaled.
5 Proposed Solution: Frequency shift information as part of the UL Scheduling Grant

In summary we believe that 3 bits are required for describing a suitable frequency shift for UL intra-subframe frequency hopping.

It is proposed to explicitly signal frequency shift with 2-3 bits as part of the UL scheduling grant. 

This approach has the following advantages:

· can avoid or limit the fragmentation in the RB space

· allows efficient pairing of resources for frequency hopping users

· allows UL Interference Avoidance (ICIC) with different subsets and diverse allocations necessary for VoIP inside the sets

· if different scheduling grant formats are acceptable for different UEs, the frequency shift field may be configurable per UE
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