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[bookmark: _Ref129681832]In RAN1#86bis, the following agreements on supporting larger channel bandwidth in FeMTC were reached [1]:
	Agreement:
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.
· Rel-14 capability signaling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.
· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.
· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.
· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.
· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz


In this contribution, we discuss the definition of narrowband and frequency hopping in FeMTC. 
Consideration on narrowband definition
In Rel-13 eMTC, a narrowband (NB) is defined as 6 PRBs, which refers to a bandwidth of 1.4 MHz. Based on the definition, for eMTC UE in CE Mode A, hierarchical resource assignment of PUSCH indicated by DCI format 6-0A achieves higher efficiency compared to that of DCI format 0 in Rel-8 [2]. It is desirable to use eMTC-like methodology to indicate the resource allocation of PDSCH/PUSCH with a wider maximum bandwidth (either 5 MHz or 20 MHz) in Rel-14 FeMTC.
Generally, there are two kinds of options to handle NB in FeMTC:
Option 1: Introduce a new definition of narrowband for FeMTC
With a larger bandwidth of PDSCH and PUSCH, a new NB definition (usually larger than 6 PRB) may be introduced in FeMTC. Similarly, a wideband (WB) may also be defined to represent a larger number of continuous PRBs.
Option 2: Reuse the definition of a narrowband in Rel-13 eMTC for FeMTC
For Option 2, the definition of NB in Rel-13 eMTC is reused in FeMTC. A specific wider bandwidth may be regarded as the aggregation of NBs, i.e. extended NB (ENB). 
The main difference in these two options is the indication of certain RBs. For Option 1, since new definition is introduced, the indication of the same RBs in the same system bandwidth could be quite different from that in Rel-13 eMTC. On the other hand, the indication of the same RBs in Option 2 can easily be the same as in Rel-13. From point of view of keeping the system simple and clear, Option 2 has an advantage over Option 1.
Additional problems would also need to be discussed in Option 1, e.g., whether the newly defined NB or WB should be overlapped or non-overlapped. The resource allocation proposed in [4] assumes the same definition of starting PRBs for narrowbands as in Rel-13, and allows resource allocations of less than one whole narrowband. This does not need any new definition of an ENB, and therefore we can avoid the specification effort of defining one.
Reusing the definition of NB in Rel-13 eMTC not only fulfils the demand of indicating a larger bandwidth, but also achieves better compatibility with legacy eMTC UEs; weighing this against the uncertain effort implied by trying to create a new definition, keeping the existing one is better.
Proposal 1: Reuse the definition of narrowband in Rel-13 eMTC (i.e., 6 PRBs) for the operation of wider bandwidth in FeMTC.
Frequency hopping
Frequency hopping (FH) for MPDCCH, PDSCH and PUSCH is supported by BL/CE UEs in Rel-13 eMTC. Since the maximum PUSCH/PDSCH bandwidth is increased for Rel-14 FeMTC UEs, directly applying the FH defined for Rel-13 BL/CE UEs can result in fragmentation of the PDSCH/PUSCH bandwidth at the band edges caused by wrap-around operation. FeMTC UEs may not be able to simultaneously monitor both portions due to their limited bandwidth ability.

Figure 1 Example of fragmentation of PDSCH/PUSCH allocation with frequency hopping
Several options can be applied to tackle such issue:
Option 1: FH offset is a multiple of the number of aggregated NBs
Such method can avoid fragmentation only if the aggregated NBs are assumed to be non-overlapping. The coexistence of FeMTC UEs and eMTC UEs will be a problem since collisions are hard to avoid due to the different bandwidths and hopping offsets. 
Option 2: FH offset is indicated by eNB dynamically
The purpose of this method is to allow eNB to dynamically avoid fragmenting resource. To ensure that the wrap-around operation will not damage the continuity of aggregated NBs, the scheduling complexity may be increased, especially in the situation where UEs with different (maximum) bandwidths need to coexist. But this is still a possible choice if the scheduling complexity is proved to be acceptable.
Option 3: Allow wrap-around fragmentation 
In [3] it was proposed that wrap-around fragmentation may be allowable, and the UE would be required to monitor the portion with larger number of RBs. The scheme could have better flexibility and co-existence compatibility since less modification is needed. However, choosing the portion with more RBs may not always be optimum without taking into account the fading and interference condition of both portions at the band edges. With an increasing ratio of allocated RBs to total bandwidth, fragmentation caused by the wrap-around operation may happen more frequently. This method is a possible choice if the disadvantages mentioned above will not cause serious degradation of system performance.
Proposal 2: Consider frequency hopping methods of (a) dynamically indicate the FH offset as a multiple of the aggregated NBs; or (b) allow wrap-around fragmentation for Rel-14 FeMTC UEs.
Conclusions
In this contribution, we discuss the definition of narrowband and frequency hopping in FeMTC, and make the following proposals:
Proposal 1: Reuse the definition of narrowband in Rel-13 eMTC (i.e., 6 PRBs) for the operation of wider bandwidth in FeMTC.
Proposal 2: Consider frequency hopping methods of (a) dynamically indicate the FH offset as a multiple of the aggregated NBs; or (b) allow wrap-around fragmentation for Rel-14 FeMTC UEs.
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