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1 Introduction

Frequency hopping may be used to obtain frequency diversity in the uplink for frequency selective channel conditions. Grant based shift information is useful to avoid “holes” in the spectrum and to allow different settings of UL persistent scheduling. This is emphasised in this contribution looking at examples also allowing hopping inside frequency subsets. Based on decisions from the previous meeting consequences are drawn for the signalling. 

2 Hopping with grant based signalling

In Figure 1 it is shown how a frequency hopping can be done inside each of 3 frequency subsets for UL VoIP allocations which are done by persistent scheduling. 
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Figure 1: Hopping inside three frequency subsets (part of the spectrum) for UL Intercell Interference Coordination e.g. for VoIP allocations using signaled frequency shift Fs

This way Uplink Intercell Interference Coordination for VoIP persistent scheduling can be implemented which is very useful for this GBR service which needs a high 5%ile cell edge bit rate. This is e.g. especially useful to implement UL ICIC in 20 MHz where each of e.g. 7 subsets can consist of 12 PRBs.

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 subset 1 inFigure 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 necessary to enable ICIC.
In Figure 2 a hopping inside 7 interlaced subsets is shown. 
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Figure 2: Illustration of hopping inside 7 interlaced frequency subsets using signalled frequency shift Fs

So it is seen that the hopping by +Fs and –Fs signalled in the grant is very useful.

3 Signalling requirements

In order to signal the frequency shift it is proposed in the Way forward [2] that two bits can be freed from the allocation grant word because the hopping allocation is only used for smaller allocations.

Looking at the formulas [2] for the number of bits for the Resource Allocation b_RA with the number of allocation combinations C_RA
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it seems that two bits can only be freed if the size that can be allocated is lowered even less than N_RB/M = N_RB/4.

So it seems necessary that M=6 or M=8 is possible to allow +Fs and –Fs signalling using the second bit that was made available.

4 Conclusion

Grant based frequency hopping with a configurable frequency shift Fs is an important hopping possibility useful to allow efficient scheduling. The grant based frequency hopping was agreed in the last way forward. To allow the option of signalled Fs hopping at all the bandwidth allocated to a hopping UE must be small enough e.g. 1/6 or 1/8 of the N_RB. So the values M=6, M=8 should be added which is at most one additional bit on the D-BCH.
The value of Fs is considered to be part of RRM. So it is proposed to be configurable by higher layers (RRC or D-BCH) to have the necessary flexibility for RRM.
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 which is very useful for GBR services like VoIP in the Uplink
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