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1 Introduction
In RAN1 #86 and #86bis meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1], [2]:
· 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.
· For Rel-14 BL UEs in CE mode A and CE mode B, the single larger maximum UE channel BW for PDSCH in RRC connected mode is 5 MHz.
· For Rel-14 BL UEs, the single larger maximum UE channel BW for PUSCH in RRC connected mode is 5 MHz in CE mode A.
· 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.
· 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.

· 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.

To support higher data rates for MTC UEs, we discuss the resource allocation for larger maximum PDSCH/PUSCH channel bandwidth in this contribution.
2 Discussion on resource allocation for different channel bandwidth
For Rel-14 BL UEs, the following operation cases should be considered:
· Rel-14 1.4/5 MHz BL UE operates in Rel-13 CE mode A 

· Rel-14 1.4/5 MHz BL UE operates in Rel-13 CE mode B 

· Rel-14 5 MHz BL UE operates in CE mode A and CE mode B with a maximum PDSCH channel bandwidth of 5 MHz

· Rel-14 5 MHz BL UE operates in CE mode A with a maximum PUSCH channel bandwidth of 5 MHz
· Rel-14 5 MHz BL UE operates in CE mode B with a maximum PUSCH channel bandwidth of 1.4 MHz

For Rel-14 non-BL UEs in CE mode, the following operation cases should be considered:
· Rel-14 non-BL UE operates in Rel-13 CE mode A
· Rel-14 non-BL UE operates in Rel-13 CE mode B
· Rel-14 non-BL UE operates in CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 5 MHz

· Rel-14 non-BL UE operates in CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 20 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 5 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 20 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PUSCH channel bandwidth of 1.4 MHz
Since different operation cases may have different channel bandwidth, resource allocation for different channel bandwidths should be supported.
2.1 Resource allocation for Rel-14 5-MHz BL UEs
For Rel-14 5 MHz BL UEs, DCI format 6-1A/6-0A and DCI format 6-1B/6-0B can be reused if the UEs operate in maximum 1.4 MHz channel bandwidth in CE mode A and CE mode B.

2.1.1 Resource allocation for 5 MHz maximum PDSCH channel bandwidth in CE mode A
Distributed resource allocation is considered for resource allocation of 5 MHz maximum PDSCH channel bandwidth to achieve frequency diversity gain. For Rel-14 5 MHz BL UEs, the number of maximum allocatable PRBs for PDSCH is 24. Overlapped DL wideband definition as discussed in [3] can be used to achieve higher scheduling flexibility in CE mode A. If larger bandwidth operation mode is semi-statically configured by RRC signaling, DCI format size for resource assignment of 5 MHz channel bandwidth can be different from that of Rel-13 1.4 MHz case. Based on the above assumptions, following resource allocation alternatives for PDSCH can be considered:
· Alt 1: Narrowband index + narrowband bitmap within the wideband + resource allocation within the narrowband 
· Alt 2: Narrowband index + resource allocation within the wideband
Narrowband index here means the first narrowband index within the wideband. Overlapped widebands are indicated by first narrowband index within each wideband. For Alt 1, since the wideband is composed of 4 narrowbands, the narrowband bitmap within the wideband is up to 4 bits. If the first narrowband is always assumed to be allocated, the narrowband bitmap would be 3 bits. Resource allocation within the narrowband reuses Rel-13 resource allocation. For Alt2, resource allocation within the wideband reuses existing type0/type1. For different system bandwidths, the overheads of the two alternatives are compared in Table 1. 
Table 1 Comparison of PDSCH resource allocation overhead

	System bandwidth (MHz)


	Resource allocation
	Overhead (bits)

	5
	Alt 1
	9

	
	Alt 2.
	13

	10
	Alt 1
	11

	
	Alt 2.
	16

	15/20
	Alt 1
	12

	
	Alt 2.
	17


The flexibility of starting position of larger channel bandwidth for the two alternatives is the same since both of the two alternatives use narrowband index to indicate the starting position of larger channel bandwidth. The resource allocation granularity of Alt 1 is PRB. For Alt 2, the resource allocation granularity is RBG for type 0. For Alt1, the resource allocation within each narrowband is the same. If four narrowbands are allocated, overhead of Alt 1 is smaller than Alt2.
Proposal 1: Discontinuous resource allocation should be considered for resource allocation of PDSCH with 5 MHz maximum bandwidth.

2.1.2 Resource allocation for 5 MHz maximum PDSCH channel bandwidth in CE mode B
CSI feedback is not supported for UEs in CE mode B. Frequency scheduling flexibility is not required for Rel-14 UEs in CE mode B. Non-overlapped wideband definition as discussed in [3] can be used in CE mode B. 1/2/3/4 widebands are defined for 5/10/15/20 MHz system bandwidth respectively. If the resource allocation granularity is based on narrowband, length of ‘resource assignment’ field for 5 MHz PDSCH channel bandwidth in CE mode B can keep the same as that of 1.4 MHz in Rel-13 eMTC. The following two resource allocation methods can be considered:

· Alt A: Wideband indication + resource allocation within the wideband
· Alt B: Number of Narrowbands + Starting position
For Alt A, overhead of ‘wideband indication’ is different for different system bandwidth. There is no need to indicate the wideband for 5 MHz system bandwidth. For 10 MHz system bandwidth, 1 bit is required to indicate the non-overlapped wideband. For 15/20 MHz system bandwidth, 2 bits are required to indicate the non-overlapped wideband. Narrowband bitmap can be used to indicate the resource allocation within the wideband. The first narrowband within the indicated wideband is always assumed to be allocated, thus 3 bits are required for indication of narrowband bitmap within the wideband. Alternatively, joint coding of starting narrowband and ending narrowband also can be used to indicate resource allocation within the wideband. Considering 3-bit limitation and total 4 narrowbands within the wideband, 8 states are chosen from total 10 states. An example is shown in Table 2,  
Table 2 Description of ‘resource allocation within the wideband’ field
	Resource allocation within the wideband
	Description

	
	Starting narrowband
	Ending narrowband

	000
	Narrowband #0
	Narrowband #0

	001
	Narrowband #0
	Narrowband #1

	010
	Narrowband #0
	Narrowband #2

	011
	Narrowband #0
	Narrowband #3

	100
	Narrowband #1
	Narrowband #1

	101
	Narrowband #2
	Narrowband #2

	110
	Narrowband #2
	Narrowband #3

	111
	Narrowband #3
	Narrowband #3


For Alt B, 2 bits are used to indicate 1, 2, 3 or 4 narrowbands. Starting position is determined according to total narrowbands and length of ‘starting position’ field for different system bandwidth. For example, length of ‘starting position’ field for 5 MHz is 2, 2 starting positions can be indicated with the gap of total narrowband/2n = 2 narrowbands.  An example is shown in Table 3.
Table 3 Starting position for different system bandwidth

	System bandwidth
(MHz)
	Length of ‘starting position’ field
	Description

	5
	1
	2 starting positions can be indicated with the gap of 2 narrowbands.
0: narrowband #0
1: narrowband #2

	10
	2
	4 starting positions can be indicated with the gap of 2 narrowbands.

0: narrowband #0  1: narrowband #2
2: narrowband #4  3: narrowband #6

	15/20
	3
	6/8 starting positions (6 is for 15 MHz and 8 is for 20 MHz) can be indicated with the gap of 2 narrowbands.

For 15/20 MHz case:

0: narrowband #0   1: narrowband #2
2: narrowband #4   3: narrowband #6
4: narrowband #8   5: narrowband #10
For 20 MHz case:

6: narrowband #12  7: narrowband #14


Proposal 2: Resource allocation for 5 MHz maximum PDSCH channel bandwidth in CE mode B can be based on non-overlapped wideband definition.
· Resource allocation granularity is narrowband.
2.1.3 Resource allocation for 5 MHz maximum PUSCH channel bandwidth in CE mode A
For resource allocation for 5 MHz maximum PUSCH channel bandwidth in CE mode A, in order to support scheduling flexibility, DCI format size is different from that of Rel-13 1.4 MHz case. Based on the assumption that the number of maximum allocatable PRBs is 25, resource allocation based on joint coding of the starting RB and ending RB is the best scheme. 

Existing PUSCH resource allocation type0 can be reused for system bandwidth of 5 MHz. If the system bandwidth is larger than 5 MHz, considering that the number of maximum PRBs is 25, modification based on existing type 0 is needed to reduce the overhead. One way is to modify RIV formula; another way is to limit the RIV values. To reduce the impact on standardization, limiting the RIV values is preferable. 11 bits are needed if RIV value is limited to 1250 for 10 MHz system bandwidth and 1875 for 15 MHz system bandwidth while 12 bits are needed if RIV value is limited to 2500 for 20 MHz system bandwidth.

Proposal 3: For resource allocation for 5 MHz maximum PUSCH channel bandwidth in CE mode A,
· Existing PUSCH resource allocation type0 is reused for system bandwidth of 5 MHz.
· Reusing existing PUSCH resource allocation type0 but limiting the RIV values can be considered for system bandwidth larger than 5 MHz.
2.2 Resource allocation for Rel-14 non-BL UEs
Since larger maximum UE channel BW for PUSCH is not supported for CE mode B, Rel-14 non-BL UEs in CE mode B only support 1.4 MHz PUSCH channel bandwidth. 

For Rel-14 non-BL UEs, DCI format 6-1A/6-0A and DCI format 6-1B/6-0B can be reused if the UEs operate in maximum 1.4 MHz channel bandwidth in CE mode A and CE mode B.
For Rel-14 non-BL UEs in CE mode A, DCI formats for 5 MHz PDSCH and PUSCH channel bandwidth of Rel-14 BL UEs in CE mode A can be reused.

For Rel-14 non-BL UEs in CE mode B, DCI formats for 5 MHz PDSCH channel bandwidth of Rel-14 BL UEs in CE mode B can be reused.

For Rel-14 non-BL UEs in CE mode A, DCI formats for 20 MHz PDSCH/PUSCH channel bandwidth can refer to the DCI format of 6-1A/6-0A except for the resource allocation field. The resource allocation field can reuse legacy LTE PDSCH and PUSCH resource allocation.

For Rel-14 non-BL UEs in CE mode B,  DCI format for 20 MHz PDSCH channel bandwidth can reuse the DCI format of 6-1B except for the resource allocation field. The resource allocation method can use similar method as that for 5 MHz maximum PDSCH channel bandwidth in CE mode B. For example, for the case of system bandwidth of 20 MHz, 2 bits are used to indicate the number of allocated widebands and 3 bits are used to indicate resource allocation within each allocated wideband. The allocated resources for each allocated wideband are the same. Indication of ‘Resource allocation within each allocated wideband’ reuses the same method for 5 MHz maximum PDSCH channel bandwidth in CE mode B. The field of ‘number of allocated widebands’ is described in Table 4. 
Table 4 Description of ‘Number of allocated widebands’ filed
	Number of allocated widebands
	Description

	00
	wideband #0

	01
	wideband #0 and #1

	10
	wideband #0, #1 and #2

	11
	wideband #0, #1, #2 and #3


Proposal 4: For Rel-14 non-BL UEs,  resource allocation for PDSCH with maximum 5 MHz channel bandwidth reuse the scheme of Rel-14 BL UEs. 

Proposal 5: For Rel-14 non-BL UEs in CE mode A, DCI formats for 20 MHz PDSCH/PUSCH channel bandwidth can reuse the DCI format of 6-1A/6-0A except for the resource assignment field. The resource allocation can reuse legacy LTE PDSCH/PUSCH resource allocation.

Proposal 6: For Rel-14 non-BL UEs, DCI format for 20 MHz PDSCH channel bandwidth of Rel-14 BL UEs in CE mode B can reuse the DCI format of 6-1B except for the resource assignment field. 
· ‘Number of allocated widebands’ and ‘ resource allocation within each allocated wideband’ fields are used to indicate the resource allocation.
3 Conclusions
In this contribution, we have discussed resource allocation to support larger PDSCH/PUSCH channel bandwidth. We make the following proposals:
Proposal 1: Discontinuous resource allocation should be considered for resource allocation of PDSCH with 5 MHz bandwidth.
Proposal 2: Resource allocation for 5 MHz maximum PDSCH channel bandwidth in CE mode B can be based on non-overlapped wideband definition.
· Resource allocation granularity is narrowband.
Proposal 3: For resource allocation for 5 MHz maximum PUSCH channel bandwidth in CE mode A,
· Existing PUSCH resource allocation type0 is reused for system bandwidth of 5 MHz.
· Reusing existing PUSCH resource allocation type0 but limiting the RIV values can be considered for system bandwidth larger than 5 MHz.
Proposal 4: For Rel-14 non-BL UEs,  resource allocation for PDSCH with maximum 5 MHz channel bandwidth reuse the scheme of Rel-14 BL UEs. 

Proposal 5: For Rel-14 non-BL UEs in CE mode A, DCI formats for 20 MHz PDSCH/PUSCH channel bandwidth can refuse the DCI format of 6-1A/6-0A except for the resource assignment field. The resource allocation can reuse legacy LTE PDSCH and PUSCH resource allocation.

Proposal 6: For Rel-14 non-BL UEs, DCI format for 20 MHz PDSCH channel bandwidth of Rel-14 BL UEs in CE mode B can reuse the DCI format of 6-1B except for the resource assignment field. 
· ‘Number of allocated widebands’ and ‘ resource allocation within each allocated wideband’ fields are used to indicate the resource allocation.
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