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1 Introduction
During RAN #72 meeting, “New WI proposal: Further Enhanced MTC” was approved [1]. One objective of this work item is to specify larger maximal PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to support higher data rate applications and scenarios. Based on the discussion in RAN1#86bis meeting, the following agreements for larger bandwidth supporting have been achieved:
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
Agreement:

· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE,

· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.

· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.
Regarding the standard impacts for supporting larger channel bandwidth, the resource allocation for FeMTC UEs needs to be studied. In this contribution, we provide our detailed considerations on DCI design for PDSCH/PUSCH scheduling and resource indication in FeMTC.
2 Enabling Wider Bandwidth Operation
Rel-14 FeMTC UEs with larger TBs and extended channel BW reuse the Rel-13 eMTC design for idle mode operations. Thus Rel-14 FeMTC UE with larger channel BW should operate within 6 PRB narrowbands before RRC connection set up and monitors Rel-13 DCI formats 6-0A/1A to initiate the random access procedure. The UE will report its capability of wider channel bandwidth via Msg3 or an uplink message. 
After eNB acquires UE’s capability of wider channel bandwidth, it can enable UE with wider bandwidth operation for PUSCH and PDSCH channel. eNB can inform the UE wider bandwidth transmission and reception operation in two ways. One way is to signal an extended bandwidth operation indication to UE semi-statically via RRC signaling, another way is to assign a narrowband of 6RBs or wider than 6RBs dynamically by the resource allocation in the DCI format.
However when UE is enabled wide bandwidth via RRC signaling, the UE will keep the wider bandwidth for reception even if  only smaller bandwidth is needed for MTC, which may not be beneficial for UE’s power consumption. Furthermore, DCI design for larger bandwidth (e.g.5MHz) and narrowband width (e.g.1.4MHz) should be considered together to enable and inform the UE about wider bandwidth operation without introducing unnecessary overhead. If the Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of 20 MHz, it should strive for commonality in the DCI design for the 5-MHz and 20-MHz cases as agreed in RAN1 #86bis meeting. So the DCI format indication could distinguish the narrowband and extended bandwidth operation. 
Proposal 1: Dynamic indication in the DCI format for enabling and informing UE about wider bandwidth operation.
3 Granularity of Resource Allocation in FeMTC
For eMTC UEs, only one narrowband is supported, and DCI formats 6-0A/6-1A are used to indicate the resource block assignment within the narrowband for PUSCH/PDSCH. The granularity of resource allocation in DCI format 6-0A/6-1A is based on PRB. To support larger bandwidth in FeMTC, the granularity of resource allocation should be considered. 

With larger bandwidth in FeMTC, when no more than 6 PRBs are scheduled, the granularity of resource allocation can still be one PRB as indication scheme in DCI formats 6-0A/6-1A. When more than 6 PRBs need to be scheduled, narrowband (6 PRB) can be the granularity of resource allocation. Furthermore, a narrowband (6 PRB) granularity is compatible with eMTC UEs since the resource allocation in DCI format 6-0A/6-1A is first indicated by the narrowband index. In order to avoid loss of flexibility due to introduction of narrowband granularity based scheduling, not integer narrowband resource allocation, such as several and a half narrowband, several and one third of narrowband resource allocation could be also considered in FeMTC resource allocation indication.
Proposal 2: Narrowband can be the granularity of resource allocation with larger channel bandwidth when more than 6 PRBs need to be scheduled for a FeMTC UE.

4 DCI Design for Resource Allocation in FeMTC

In order to improve the frequency bandwidth efficiency, the bandwidth extension would be based on multiple narrowbands as discussed in the last section. Furthermore, the UE should be support both the narrow bandwidth (e.g. 6 PRBs) and extended bandwidth (multiple of narrowband) for different scenarios, the same resource allocation indicator (even same DCI formats) should be considered. So the resource indication in DCI format 6 could be reused or re-interpreted for FeMTC.
For eMTC in CEMode A, the resource allocation field in DCI format 6-0A is shown in Figure 1 below, the resource allocation field indicate the narrowband and PRBs in the narrowband separately.
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Figure 1 Resource Indication in DCI format 6-0A

Since 5 bit are used for PRB indication within the narrowband except the narrowband indication and the number of PRB within one narrowband is 6, only 6 (6+1)/2 = 21 states are valid in the above 5bit indication in DCI format 6-0A. There are still 32-21=11 states undefined in the current definition. 
In order to indicate the normal bandwidth and extended bandwidth together, we could use the first several bits to indicate narrowband index as a reference narrowband, use the remaining 11 states of the 5bits indicator to indicate the extend bandwidth resource allocation pattern. As an example, two consecutive narrowbands indication, four consecutive narrowbands indication, two every other narrowbands indication, four every other narrowbands indication, one and a half narrowband, one and one third narrowband indication can be included. Here, the extend bandwidth resource allocation pattern could be different according to the system bandwidth.

Proposal 3:  Resource indication in the DCI format in Rel.13 eMTC should be re-used and re-interpreted for extended bandwidth resource indication in Rel.14.

5 Conclusions
In this contribution, detail consideration of DCI design for PDSCH/PUSCH scheduling and resource indication is provided. The following proposals are given.
Proposal 1: Dynamic indication in the DCI format for enabling and informing UE about wider bandwidth operation.

Proposal 2: Narrowband can be the granularity of resource allocation with larger channel bandwidth when more than 6 PRBs need to be scheduled for a FeMTC UE.

Proposal 3:  Resource indication in the DCI format in Rel.13 eMTC should be re-used and re-interpreted for extended bandwidth resource indication in Rel.14.
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