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Introduction
Based on the agreed WI at RAN#72 meeting about “New WI proposal on Further Enhanced MTC” [1], RAN1 is tasked to specify techniques for supporting high data rate transmission for further enhanced machine type communications (FeMTC). Some of the techniques for supporting high data rate transmissions are captured in WI description as follows:
· Higher data rates [RAN1, RAN2, RAN4]
· Specify HARQ-ACK bundling in CE mode A in HD-FDD
· Larger maximum TBS
· Larger max. PDSCH/PUSCH channel bandwidth in connected mode at least in CE mode A in order to enhance support e.g. voice and audio streaming or other applications and scenarios
· Up to 10 DL HARQ processes in CE mode A in FD-FDD

In addition, the following agreements were reached for FeMTC:
Agreement at RAN1#86:
· The wider bandwidth operation is enabled by eNB.
· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.
· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).
· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.
Agreement at RAN1#86:
· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.
· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.
Agreement at RAN1#86bis:
· 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.

In this contribution, we discuss resource allocation schemes at least for PDSCH/PUSCH wider channel bandwidth for FeMTC in Rel-14 and provide some proposals at the end. 

Resource allocation schemes for CE mode A
In RAN1#86, it was agreed that the wider bandwidth operation can be enabled by eNB. However, it is understood that this can be done in two ways:
· Semi-static manner via RRC configuration: After UE signals that it is capable of the feature, the eNB can signal to the UE semi-statically to open a wider bandwidth for reception or transmission. However, when enabled, the UE will keep the wider bandwidth for reception even if it is only assigned a small number of RBs (i.e. less or equal to 6RBs) in a given time. This may not be beneficial from UE’s power consumption point of view. 
· Dynamic manner via DCI format: After UE signals that it is capable of the feature, the eNB can assign either a narrowband of 6RBs or winder than 6RBs dynamically by utilizing for example the resource allocation in the DCI format. However, this does not mean that the number of blind decodings of MPDCCH will be increased with respect to Rel-13 eMTC. As the bandwidth is changed dynamically, there is a benefit of power saving at the UE due to fallback of Rel-13 narrowband operation when small number of RBs (≤6RBs) are assigned to the UE. 
For Mode A, we think frequency hopping should only be enabled and disabled by higher layer signaling. Therefore, for Mode A, frequency hopping flag can be used to differentiate the two DCI formats in Rel-14. 

Proposal 1: Consider dynamic indication in the DCI format for enabling and informing UE about wider bandwidth operation.  

Furthermore, it was agreed that a single larger maximum UE channel BW of 5MHz for PDSCH and PUSCH in RRC connected mode is supported. However, the open issue is how to allocate the resources for the UE when eNB’s system bandwidth is greater than 5MHz. In general, there may be at least three possible options:


Option 1: Aggregating multiple narrowbands of 6RBs – this option reuses the definition of narrowbands (NB) from Rel-13 in which the number of narrowbands depends on eNB’s system bandwidth. A UE can be assigned to more transmission bandwidth of PDSCH/PUSCH whenever it needs a high data rate, for example 2, 4 or 6 consecutive NBs can be aggregated to meet the demands for high data rate transmission. In this case, UE’s RF and baseband bandwidth could be changed dynamically depending whether only one or multiple narrowbands are assigned to the UE at given time as shown on Figure 1 below. The resource allocation for PDSCH/PUSCH comprises the starting narrowband index and number of contiguous RBs allocated for a given UE by re-using the legacy eMTC resource allocation of +5 bits. The 5 bits can represent more than 25RBs without considering the starting RB, because the starting RB is automatically given by starting narrowband index. This does not have an impact on the size of legacy Rel-13 eMTC resource allocations.
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Figure 1. Assignments of single NB (left) and multiple NBs (right) in 10MHz BW
Option 2: Multiple 5MHz – The system bandwidth could be divided into multiple of 5MHz subbands where each subband has its own separate resource allocation. In this case, UE should be indicated dynamically the index of the assigned subband and RBs within the same subband. 
Option 3: eNB system BW using legacy RA – The resource assignments (RA) for PDSCH/PUSCH can be based on eNB’s system bandwidth. This means to reuse the legacy resource allocation schemes such as DL RA Type 2 and UL RA Type 0, but, the total assignment for the UE cannot be more than 25 RBs (i.e. 5MHz).
Table 1 shows the overhead comparison of the above three options and it can be observed that option 1 has the minimum overhead compare to other options. Therefore, we propose to consider resource allocation in Option 1 where the resource allocation for PDSCH/PUSCH comprises the starting narrowband index and number of contiguous RBs allocated for a given UE.

          Table 1: RA Overhead comparison for different options in 20MHz BW
	
	Narrowbands/subbands (bits)
	RA Type 2 (bits)
	  Total overhead (bits)

	Option 1
	4
	5
	9

	Option 2
	2
	9
	11

	Option 3
	0
	13
	13




Proposal 2: For PDSCH/PUSCH in Mode A, consider re-using the legacy eMTC resource allocation of +5 bits with the interpretation that it indicates the starting narrowband index and contiguous RB allocation of up to [24 or 25]RBs. 

Resource allocation schemes for PDSCH CE mode B
In CE Mode B, a fall back DCI format is not supported for Rel-13. Therefore, it may be preferable a Rel-14 UE to monitor a legacy Rel-13 DCI format as a fall back as well as a new Rel-14 DCI format because it is difficult to find a spare or reusable bit to differentiate legacy and a new DCI format for FeMTC. In any case, a fall back DCI format would be needed during RRC reconfigurations as well as for random access procedure initiated by a PDCCH order.
For the new Rel-14 DCI format in CE Mode B, we just need to use same resource allocation mechanism as in CE Mode A described in the previous section due to wider bandwidth transmission for PDSCH.
Proposal 3: Consider a fall back DCI format for Mode B based on Rel-13 DCI format in Mode B, and introduce a new Rel-14 DCI format in CE Mode B.
Proposal 4: For PDSCH in Mode B, consider same resource allocation mechanism as in CE Mode A.

Conclusion
In this contribution, we have discussed the resource allocation schemes at least for PDSCH/PUSCH wider channel bandwidth for FeMTC in Rel-14. We have the following proposals:
Proposal 1: Consider dynamic indication in the DCI format for enabling and informing UE about wider bandwidth operation.  

Proposal 2: For PDSCH/PUSCH in Mode A, consider re-using the legacy eMTC resource allocation of +5 bits with the interpretation that it indicates the starting narrowband index and contiguous RB allocation of up to [24 or 25]RBs. 
Proposal 3: Consider a fall back DCI format for Mode B based on Rel-13 DCI format in Mode B, and introduce a new Rel-14 DCI format in CE Mode B.
Proposal 4: For PDSCH in Mode B, consider same resource allocation mechanism as in CE Mode A.
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