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1 Introduction

In the work with Rel-13 low complexity (LC) and coverage enhanced (CE) UEs for MTC [1], RAN1 has observed significant potential performance gains from frequency hopping (FH) and have so far agreed to support if for most physical channels:
· Frequency hopping is not used for

· PSS/SSS

· PBCH

· Frequency hopping over the system bandwidth is supported for LC UEs in CE for
· M-PDCCH (configurability FFS)

· PDSCH (configurability FFS)
· PUCCH (configurability FFS)

· PUSCH (network configurable, details FFS)

· PRACH (details FFS)

· Frequency hopping over the system bandwidth is supported at least in CE for

· MTC SIB(s) message
· RAR message
· Paging message
In this contribution we discuss further aspects of the frequency hopping.
2 Discussion
With the introduction of the LC/CE UEs, there is a risk that scheduling of downlink and uplink transmissions will become rather challenging. Compared to legacy UEs, the LC/CE UEs may have e.g. the following additional aspects that need to be taken into account by the eNB scheduler:
· Half-duplex FDD operation and half-duplex FDD guard subframes
· Reduced UE bandwidth and UE carrier frequency re-tuning time
· Cross-subframe scheduling

· Subframe repetitions
When specifying the frequency hopping for the various channels, care should be taken not to complicate the task of the scheduler more than necessary. Similarly as for legacy UEs, our preference is that it should largely be left to the eNB implementation whether to actually apply frequency hopping.
Proposal:

· At least for unicast transmissions, it should be up to eNB whether to apply frequency hopping or not.
One approach for simplifying the scheduler task is to time align multiple LC/CE UEs so that they can perform their frequency hops simultaneously, essentially switching PRB location(s) with each other, similarly to how intra-subframe frequency hopping is performed for legacy UEs. However, it may also be desired to time distribute UEs for various reasons, e.g. spectral efficiency or eNB processor load distribution considerations. Ideally it should be up to the network to what extent it wishes to time align the UEs. From UE point of view it may not make much difference whether it is time aligned with some other UE or not.
Observation:

· It might be beneficial from spectral efficiency point of view if the frequency hopping patterns are such that they minimize collisions between different transmissions at least for the case when eNB has taken care to time align multiple LC/CE UEs.
Simple frequency hopping patterns are preferred, such as the ones illustrated in Figure 1.

· The left side shows frequency hopping between mirror PRB groups, i.e. PRB groups at the same distance from the center frequency or the same distance from the band edges. This approach gives large frequency diversity gains to UEs near the band edges but much smaller gains to UEs near the center frequency. This approach may be suitable for physical channels that are typically transmitted near the band edges, e.g. PUCCH.
· The right side shows frequency hopping between PRB groups that are separated by half the total number of PRB groups, i.e. about half the system bandwidth. This approach gives similar frequency diversity gains to all UEs. This approach may be suitable for physical channels that are sometimes transmitted near the center frequency, e.g. EPDCCH, PDSCH and PUSCH.
Proposal:

· Adopt simple frequency hopping patterns such as mirroring with respect to the center frequency or offsetting with half a system bandwidth.
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Figure 1: Two simple frequency hopping approaches (time on x-axes, frequency on y-axes, 4 users)
RAN1 has already agreed that if/when frequency hopping is applied for M-PDCCH or PDSCH, the frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming that re-tuning time is included in Y and that X is a minimum value guaranteeing that sufficient cross-subframe channel estimation can be performed in order to achieve sufficient channel estimation quality even at the low SNR levels experienced in enhanced coverage.
Scheduling could be simplified if the same values X and Y could be applied to different physical channels and different LC/CE UEs even if they apply different amount of CE. Simulations have indicated that a reasonable value for X may be in the order of 2-8 subframes, meaning that a reasonable value for Y may be in the range 3-9 subframes if we would want to allow for a guard subframe at every frequency re-tuning opportunity. Smaller values of X and Y would make the structure more fitting for small numbers of repetition factors and bundle sizes whereas larger values of X and Y result in fewer required guard periods due to frequency re-tuning.
Observation:
· It might be beneficial from spectral efficiency point of view if X and Y could be harmonized between different physical channels (ideally even between downlink and uplink channels) and also with the repetition factors and bundle sizes defined for the different physical channels.
3 Conclusions
In this contribution we have discussed some aspects of frequency hopping for Rel-13 low complexity (LC) and/or coverage enhanced (CE) UEs. We have the following proposals and observations.
Proposals:

1. At least for unicast transmissions, it should be up to eNB whether to apply frequency hopping or not.

2. Adopt simple frequency hopping patterns such as mirroring with respect to the center frequency or offsetting with half a system bandwidth.

Observations:

1. It might be beneficial from spectral efficiency point of view if the frequency hopping patterns are such that they minimize collisions between different transmissions at least for the case when eNB has taken care to time align multiple LC/CE UEs.

2. It might be beneficial from spectral efficiency point of view if X and Y could be harmonized between different physical channels (ideally even between downlink and uplink channels) and also with the repetition factors and bundle sizes defined for the different physical channels.
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