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1. Introduction

According to the way forward for uplink frequency hopping discussed in [1], many issues regarding inter-subframe frequency hopping (FH) operation on PUSCH are still open. In this contribution we suggest adopting a band-flipping mechanism (i.e. mirroring) to enable inter-subframe FH in case of non-adaptive HARQ.
3. Band-flipping for inter-subframe FH
Though in RAN2 the use of adaptive HARQ in uplink for both dynamic and (semi-) persistent scheduling is being considered, the default assumption is still non-adaptive HARQ; i.e., unless differently notified in the PDCCH the UE will retransmit data on the same PRBs used at first transmission. 

To provide some degree of frequency diversity in case on non-adaptive HARQ we propose introducing a band-flipping mechanism between the first transmission (or more generally a transmission with even RSN) and the first retransmission (or more generally a transmission with odd RSN) of the same data packet. This can be implemented by “flipping” the numbering of the uplink physical PRBs (a.k.a. PRB index) on a per-HARQ process basis, as shown in Figure 1. Here as an example we have assumed 4 HARQ processes and 48 PRBs used for PUSCH.

[image: image1]
Figure 1 – Band-flipping principle for inter-subframe FH 
In case of non-adaptive HARQ, the implementation of this method allows exploiting part of the frequency diversity available without introducing any additional overhead on PDCCH, nor additional restrictions to the uplink packet scheduler. 
The concept is quite simple, so there should not be any major issue related to the switching mechanism in general - as long as the eNode B and the UE have the same common understanding of the exact switching location. In order to limit the impact on the scheduler complexity, it is proposed that band-flipping is cell-specific and can be turned off. 
Proposal: a band-flipping mechanism is introduced to provide some degree of frequency diversity in case of non-adaptive HARQ in LTE uplink. This means that the mapping from “logical” (i.e. PRB index) to “physical” PRB is periodically “flipped”. The flipping period is a cell-specific parameter (e.g. can be set equal to the number of HARQ processes). It should be made possible for the eNode B to turn band-flipping off.
4. Conclusions

In this contribution a method based on frequency band-flipping is proposed for inter-subframe FH on PUSCH in case of non-adaptive HARQ. The main advantages of the proposed band-flipping scheme are its simplicity and minor impact to the standard (neither additional signalling overhead nor additional restriction to the UL packet scheduler). Therefore it is suggested to introduce the following proposal into the LTE standard: 
Proposal: a band-flipping mechanism is used to provide some degree of frequency diversity in case of non-adaptive HARQ in LTE uplink. Frequency diversity is achieved by periodically “flipping” the mapping from “logical” (i.e. PRB index) to “physical” PRB. The flipping period is a cell-specific parameter (e.g. can be set equal to the number of HARQ processes). It should be made possible for the eNode B to turn band-flipping off.
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