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1 Introduction

At RAN1#50bis, the following frequency hopping (FH) modes have been agreed.

· Semi-static configuration of two hopping modes on a cell specific basis (signalled by D-BCH) 
· Inter-subframe hopping only

· both intra and inter-subframe hopping 
Inter-subframe frequency hopping only applies to the case of retransmissions without explicit scheduling grant. We discuss in this contribution the usage of inter-subframe frequency hopping and conclude that this mode is not beneficial, neither as the single frequency hopping mode, nor together with intra-subframe frequency hopping.
2 Problems with Inter-Subframe frequency hopping
2.1. Distinction between FH and non-FH PRBs
The simple frequency hopping scheme suggested in R1-074495 divides the available PRBs into two sets, i.e. FH PRBs and non-FH PRBs. This separation of the PRBs is required because otherwise non-FH dynamically/persistently allocations may collide in the retransmissions with the FH allocations. However, dividing the PRBs in FH and non-FH PRBs is adding another constraint to the usage of PRBs in the uplink. In particular, the number of UEs employing FH and the number of UEs not employing FH may vary over time, but it may not be possible to update the sets of FH PRBs and non-FH PRBs in a fast and flexible way.

2.2. Pairing of UEs employing FH
Any UE that is frequency hopping over retransmissions, is allocated a certain set of  PRBs contiguous in the frequency domain. For retransmissions, a frequency hopped set of PRBs contiguous in the frequency domain needs to be reserved as well. 
To make full use of the PRBs employing FH, UEs have to be found that can be allocated the remaining PRBs employing FH. In particular, for ever FH UE allocation in a specific subframe, there should be the complementary allocation of of the remaining FH PRBs for other UEs. Given that the number of FH UEs may be time-varying, and the UEs only use localized PRB allocations, making full use of the available PRBs may not be possible.

The problem becomes even more complicated when using 4 mirroring areas as shown in  R1-074495.
2.3. Spectrum Fragmentation
The distinction into FH and non-FH PRBs leads to one type of spectrum fragmentation. Larger PRB allocations for a particular UE may not be possible in this case, and the desired peak data rates may not be achievable in a configuration with FH PRBs. In particular, when using 4 FH regions as shown in R1-074495, the peak data rate is less than a quarter of the peak data rate achievable without FH configuration.  
Provided the FH PRBs can all be allocated in a particular subframe, the number of HARQ retransmissions required for a particular UE can vary. The PRBs that become available from early HARQ termination could be allocated only to UEs of the same type, i.e. FH or non-FH UEs. Allocation to UEs is only possible in a localized way with smaller or equal number of PRBs that have become available. While the same problem exists in general with retransmissions without scheduling grants, the problem becomes more pronounced due to the additional limitations by using either FH or non-FH PRBs.
2.4. Other cell interference and compatibility with ICIC schemes

FH is most beneficial over a large frequency range. Hence, it is preferrable to define FH at the band edges, which has been chosen for PUCCH. Inter-subframe FH could possibly employ the spectrum at the band edges next to PUCCH, which is also shown in R1-074495. However, when scheduling FH UEs in a limited frequency range at the band edges, these UEs will generate interference and suffer from interference of the same type of UEs in the neighboring cells. An inflexible scheme as shown in  R1-074495 cannot avoid this type of interference, and the frequency ranges allocated to FH PRBs may be too narrow to employ some efficient ICIC scheme.

Instead of using ICIC for FH UEs, R1-074495 suggests to randomize interference between cells by introducing different FH patterns. However, additional FH patterns and distinct FH regions also introduce additional segmentation of the available PRBs and, hence, the problem with the spectrum fragmentation becomes more pronounced. 

It may also be noted that ICIC would be superior to the interference randomization that is outlined in R1-074495.  

2.5. Collisions with RACH allocations
Any inter-subframe FH pattern needs to avoid the RACH resource allocations. Avoidance of RACH resource allocations seems to be not possible when employing simple mirroring FH patterns. Therefore, special handling of collisions with RACH resource allocation would need to be introduced.


3 Alternatives to inter-subframe frequency hopping
3.1. Usage of a scheduling grant for retransmissions 
UL HARQ operation as defined by RAN2 is synchronous and can be adaptive. Adaptive retransmissions require a scheduling grant anyway. A scheduling grant could also override any sychronous non-adaptive retransmission. Hence, adaptivity in the frequency domain is easily introduced by using additional scheduling grants for the retransmissions. However, usage of scheduling grants for adpating the retransmission is very costly in terms of additional PDCCH overhead.
3.2 Usage of a frequency shift information transmitted jointly with ACK/NAK

For every uplink transmission/retransmission, a corresponding HARQ ACK/NAK is transmitted in the downlink direction. The ACK/NAK feedback may be accompanied by a frequency offset (frequency shift information). This frequency shift introduces some adaptivity in the HARQ operation. As outlined in [1], this frequency shift may be the only adaptivity required to support the adaptive HARQ operation.

This approach has the following advantages:

· introduces adaptive HARQ without the need for scheduling grants for the retransmissions

· avoids fragmentation in the frequency domain
· allocations can be adapted to channel conditions

· persistent allocations may also be easily modified

· may be used to avoid collisions between dynamically and persistently scheduled resources due to synchronous HARQ
· compatible with ICIC schemes

· can be configurable per UE

The frequency shift information uses more than 1 bit of information. The frequency shift information can be considered a refinement of frequency hopping that is more flexible, UE specific and adaptive with the retransmissions.
4 Summary
This contribution describes some drawbacks of the inter-subframe frequency hopping and outlines possible alternatives. It is proposed to modify the agreement from RAN1#50bis into 

· UE specific intra-subframe frequency hopping supported
· Frequency shifting is supported as part of the adaptive HARQ operation
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