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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#87 meeting, the following agreements for larger bandwidth supporting and related resource allocation of DCI design for larger bandwidth have been achieved:

Agreement:
· Rel-14 BL/non-BL UE in CE Mode A support independent max PDSCH/PUSCH channel bandwidth configurations.

· Rel-14 BL/non-BL UE max PDSCH and PUSCH channel bandwidths are configured semi-statically through RRC signaling.

· This does not have an impact on whether the Rel-14 DCI formats should be same size or not as Rel-13 DCI formats.

Agreement:
· The following RAN1 agreement is modified for max channel BW for PUSCH for non-BL UEs

· From 
· 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
· To
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH channel bandwidth of either 5 or 20 MHz
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PUSCH channel bandwidth of 5 MHz
· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PDSCH channel bandwidth of either 1.4, 5 or 20 MHz.

· Rel-14 non-BL UEs can support CE mode B in connected mode with a maximum PUSCH channel bandwidth of 1.4 MHz.

Agreements:

· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 5 MHz max PDSCH channel bandwidth

· 24 PRBs is the maximum number of PRBs that can be allocated

· The PDSCH Allocation for FeMTC UEs supporting larger BW is limited to resource blocks that are part of narrow bands defined in LTE Release 13 for UEs configured with 20MHz max PDSCH channel bandwidth

· 96 PRBs is the maximum number of PRBs that can be allocated

· The PUSCH allocation for FeMTC UEs with larger BW can include at least certain PRBs that are not part of narrow bands defined in LTE Release 13

· This includes at least the central PRB in case of odd system bandwidth

· FFS: PRBs at the band edges that do not belong to any narrowband

Agreement:

· For Rel-14 BL/CE UE configured with max 5 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported

· For Rel-14 non-BL UEs configured with max 20MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported  
The standard impact of resource allocation for FeMTC UEs to support large channel bandwidth needs to be studied .In this contribution; we provide our detailed considerations on DCI design for PDSCH/PUSCH scheduling and resource allocation indication in FeMTC.
2 Resource allocation for DL larger bandwidth
For better coexistence with R.13 eMTC UEs and better reuse of existing eMTC signalling procedures, it is desirable to indicate the larger BW support for FeMTC UEs in DL in terms of number of narrowband (NB) regions. Furthermore, if there is small size of TBS for transmission and smaller bandwidth is needed for FeMTC UE although UE is enabled larger BW via RRC signalling, there is no need to keep the wider bandwidth for reception considering UE power consumption. So dynamic resource allocation for narrowband and larger band switching is considered for FeMTC.
Proposal 1: Dynamic resource allocation for narrowband and larger band switching are considered for FeMTC.
For R.13eMTC in CEMode A, the resource allocation field indicates the narrowband index and PRBs allocation within the narrowband separately in Rel-13 DCI formats 6-0A/6-1A. In the PRBs indication within the narrowband, resource allocation type 0 is used for PUSCH, and resource allocation type 2 is used for PDSCH. Actually, some RIV values are not used for the resource allocation of eMTC UEs.

In Rel-13 DCI formats 6-0A/6-1A, 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. There are still 32-21=11 states undefined in the current definition. 
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Figure 1 Resource Indication in DCI format 6-0A

In order to indicate the narrow bandwidth and larger bandwidth together, we could use the first several bits to indicate narrowband index as a reference narrowband, the existing 21 states of the 5 bits to indication the PRB indication within the reference narrowband as the R.13 eMTC, and the remaining 11 states of the 5bits to indicate the extend bandwidth resource allocation pattern.
Proposal 2: Using the remaining invalid 11 states of the 5bits (resource allocation field) in Rel-13 DCI formats 6-0A/6-1A to indicate the extend bandwidth resource allocation pattern.
For systems BW which have odd number of RBs (15MHz and 5MHz), the RBs associated with all the NBs don’t contain the RB at the centre. So the center RB will not be allocated to any (F)eMTC UE as in R.13 design.
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Figure 2 Resource Indications for R.14 FeMTC
It is agreed that Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH channel bandwidth of either 5 or 20 MHz. RRC signaling can configure 5 MHz channel bandwidth or 20 MHz channel bandwidth. For narrowband indication, the current mechanism (DCI format 6-0A/6-1A) is adopted. For larger band resource indication, TABLE 1 and TABLE 2 list the larger band resource allocation indication for FeMTC UEs with the maximal channel bandwidth 5MHz and 20MHz separately, which uses the narrowband reference index plus narrowband pattern mode. Both contiguous and non-contiguous resource allocation for larger bandwidth are supported in DL.
Proposal 3: Using the narrowband reference index plus narrowband pattern mode to indicate larger band resource allocation for FeMTC.
TALBE 1 Resource allocation for maximum 5MHz channel bandwidth

	Field state
	Narrowband pattern
	Total PRB
	Illustration

	10101
	two consecutive NB
	12
	[image: image3.emf]

	10110
	three consecutive NB
	18
	[image: image4.emf]

	10111
	four consecutive NB
	24
	[image: image5.emf]

	11000
	every other NB
	12 
	[image: image6.emf]

	11001
	every other half NB(first half, totally 2 half NB)
	6
	[image: image7.emf]

	11010
	every other half NB(second half, totally 2 half NB)
	6
	[image: image8.emf]

	11011
	every other half NB(first half, totally 3 half NB)
	9
	[image: image9.emf]

	11100
	every other half NB(second half, totally 3 half NB)
	9
	[image: image10.emf]

	11101
	Reserved
	Reserved
	Reserved

	11110
	Reserved
	Reserved
	Reserved


TALBE 2 Resource allocation for maximum 20MHz channel bandwidth

	Field state
	Narrowband pattern
	Total PRB
	Illustration

	10101
	two consecutive NB
	12
	[image: image11.emf]

	10110
	four consecutive NB
	24
	[image: image12.emf]

	10111
	six consecutive NB
	36
	[image: image13.emf]

	11000
	eight consecutive NB
	48
	[image: image14.emf]

	11001
	ten consecutive NB
	60
	[image: image15.emf]

	11010
	twelve consecutive NB
	72
	[image: image16.emf]

	11011
	fourteen consecutive NB
	84
	[image: image17.emf]

	11100
	sixteen consecutive NB
	96
	[image: image18.emf]

	11101
	every other NB(totally 2 NB)
	12
	[image: image19.emf]

	11110
	every other NB(totally 4 NB)
	24
	[image: image20.emf]


3 Resource allocation for UL larger bandwidth
Similar to the resource allocation for DL larger bandwidth, resource allocation for UL larger bandwidth follows the same method. The first several bits are used to indicate narrowband index as a reference narrowband, and the existing 21 states of the 5 bits are used to indication the PRB indication within the reference narrowband as the R.13 eMTC, and the remaining 11 states of the 5bits indicator are used to indicate the extend bandwidth resource allocation pattern.
For systems BW which have odd number of RBs (15MHz and 5MHz), the RBs associated with all the NBs don’t contain the RB at the centre. Considering the necessity of contiguous UL allocations for lower PAPR, it is preferred that the centre PRB is automatically allocated to the resource. That is, if the resource allocation is cross the centre PRB of the odd BW, the centre PRB is added to the resource allocation, which make the resource allocation contiguous and the narrowband will not be made fragmented.
TABLE 3 lists the larger band resource allocation indication for FeMTC UEs with the maximal channel bandwidth 5MHz. Only contiguous resource allocation for larger bandwidth is supported in UL.
TALBE 3 Resource allocation for maximum 5MHz channel bandwidth

	Field state
	Narrowband pattern
	Total PRB
	Illustration

	10101
	One and half consecutive NB
(first half)
	9
	[image: image21.emf]

	10110
	One and half consecutive NB

(second half)
	9
	[image: image22.emf]

	10111
	two consecutive NB
	12
	[image: image23.emf]

	11000
	two and half consecutive NB(first half)
	15
	[image: image24.emf]

	11001
	two and half consecutive NB(second half)
	15
	[image: image25.emf]

	11010
	three consecutive NB
	18
	[image: image26.emf]

	11011
	four consecutive NB
	24
	[image: image27.emf]

	11100
	Reserved
	Reserved
	Reserved

	11101
	Reserved
	Reserved
	Reserved

	11110
	Reserved
	Reserved
	Reserved


4 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 resource allocation for narrowband and larger band switching are considered for FeMTC.
Proposal 2: Using the remaining invalid 11 states of the 5bits (resource allocation field) in Rel-13 DCI formats 6-0A/6-1A to indicate the extend bandwidth resource allocation pattern.
Proposal 3: Using the narrowband reference index plus narrowband pattern mode to indicate larger band resource allocation for FeMTC.
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