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1 Introduction
In RAN1 #87 meeting, the following agreements on larger PDSCH/PUSCH channel bandwidth were made [1]:
· 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.
· 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.

· 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
· 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 20 MHz PDSCH channel bandwidth, contiguous and non-contiguous resource allocation is supported 

To support higher data rates for MTC UEs, we discuss the detailed 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 CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 1.4 MHz.  
· Rel-14 1.4/5 MHz BL UE operates in CE mode B with a maximum PDSCH/PUSCH channel bandwidth of 1.4 MHz.  
· 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 CE mode A with a maximum PDSCH channel bandwidth of 1.4, 5 or 20 MHz
· Rel-14 non-BL UE operates in CE mode A with a maximum PUSCH channel bandwidth of 1.4 or 5 MHz
· Rel-14 non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 1.4, 5 or 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 in CE mode A

2.1.1 Resource allocation for maximum 1.4 MHz PDSCH/PUSCH in CE mode A

For Rel-14 BL/non-BL UE operates in CE mode A with a maximum PDSCH/PUSCH channel bandwidth of 1.4 MHz, PDSCH/PUSCH resource allocation in Rel-13 eMTC can be reused (i.e., to reuse ‘Resource block assignment’ field in DC format 6-1A/6-0A).
2.1.2 Resource allocation for maximum 5 MHz PDSCH in CE mode A

For Rel-14 BL/non-BL UE operates in CE mode A with maximum PDSCH channel bandwidth of 5 MHz, the number of maximum allocatable PRBs for PDSCH is 24. Overlapped DL wideband definition as discussed in [2] can be used to achieve higher scheduling flexibility in CE mode A. The following resource allocation alternatives for maximum 5 MHz PDSCH in CE mode A can be considered:
· Alt 1: Starting narrowband index/wideband index + narrowband bitmap within the wideband + resource allocation within the narrowband [3]
· Alt 2: Starting narrowband index/wideband index + bitmap of RBG within 5-MHz wideband [3]
· Alt 3: Wideband index + distributed allocation based on Resource allocation type 2 within wideband (including localized/distributed flag) [3]
· Alt 4: Starting narrowband index/wideband index +  3-bit bitmap for the remaining 3 narrowbands [4]
For Alt 1, Alt 2 and Alt 4, starting narrowband index here means the first narrowband index within the wideband. Overlapped widebands are indicated by first narrowband index within each wideband. The flexibility of starting position of larger channel bandwidth for Alt 1, Alt 2 and Alt 4 is the same if starting narrowband index is used to indicate the starting position of larger channel bandwidth. For Alt 3, wideband index is used for indicating a predefined non-overlapped wideband.
For Alt 3, distributed allocation based on Resource allocation type 2 within wideband cannot indicate the case when partial narrowband(s)/PRBs within the wideband is unavailable which is occupied by other channels or other UEs as shown in Figure 1. Furthermore, as stated in 6.2.3 of 36.211, virtual resource blocks of distributed type are not applicable to BL/CE UEs. If distributed allocation based on Resource allocation type 2 is used for PDSCH with maximum 5 MHz channel bandwidth, the virtual resource blocks would collide with resources for legacy BL/CE UEs.
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Figure 1 Partial narrowband(s)/PRBs occupied by other channels
Observation 1: PRB-level resource allocation granularity is necessary for support of discontinuous resource allocation.
For Alt 4, since the resource allocation granularity is based on narrowband, the scheduling flexibility is extremely limited in CE mode A.
Table 1 shows the comparison of the above four alternatives for maximum 5 MHz PDSCH resource allocation in CE mode A for 20 MHz system bandwidth from the perspective of overhead and flexibility.

Table 1 Comparison of four alternatives for maximum 5 MHz PDSCH resource allocation in CE mode A
	
	Resource allocation overhead

(20 MHz system bandwidth)
	Scheduling flexibility

	
	Wideband index/starting
narrowband index ( eq \o\ac(○,1))
	Resource allocation ( eq \o\ac(○,2))
	total overhead  ( eq \o\ac(○,1)+ eq \o\ac(○,2))
	

	Alt 1
	4
	3 (narrowband bitmap)+5 
	12
	The resource allocation granularity is PRB. 
Best scheduling flexibility

	Alt 2
	4
	8
	12
	The resource allocation granularity is RBG.

	Alt 3
	2
	9 + 1 (localized/distributed indication)
	12
	Cannot indicate the resources if partial narrowband(s)/PRBs within the wideband is unavailable which is occupied by other channels or other UEs
Limited mapping location due to resource collision

	Alt 4
	4
	 3
	7
	The resource allocation granularity is restricted to narrowband. The scheduling flexibility is extremely limited.


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 the method in Rel-13 eMTC (i.e., 5 bits are used for resource allocation within the narrowband). Based on the above assumption, 8 bits are needed for indication of ‘narrowband bitmap within the wideband + resource allocation within the narrowband’. For Alt 2, considering that a RBG is composed of 3 PRBs, 8 bits are needed for indication of ‘bitmap of RBG within 5-MHz wideband’. The resource allocation overhead of Alt 1 and Alt 2 is the same. But the resource allocation granularity of Alt 1 is PRB while the resource allocation granularity of Alt 2 is RBG. Compared with Alt 2, the scheduling flexibility of Alt 1 is better.
Proposal 1: Resource allocation of PDSCH with maximum 5 MHz channel bandwidth in CE mode A is based on
· Starting narrowband index + narrowband bitmap within the wideband + resource allocation within the narrowband. 

2.1.3 Resource allocation for maximum 5 MHz PUSCH in CE mode A
For Rel-14 BL/non-BL UE operates in CE mode A with maximum PUSCH channel bandwidth of 5 MHz, based on the assumption that the number of maximum allocatable PRBs is 25, the following alternatives can be considered in CE mode A:

· Alt A: Starting narrowband index/wideband index + existing PUSCH type 0 within 5-MHz wideband
· Alt B: Existing PUSCH type 0 (RIV limited) 
· Alt C: Starting RB index + number of RBs
· Alt D: Starting narrowband index + number of NBs

· Alt E: Starting narrowband index + number of RBs
For Alt B, existing PUSCH resource allocation type 0 can be reused for 5 MHz system bandwidth. 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.

Table 2 shows the comparison of the above five alternatives for maximum 5 MHz PUSCH resource allocation in CE mode A for 20 MHz system bandwidth from the perspective of overhead, flexibility and standardization impact.
Table 2 Comparison of five alternatives for maximum 5 MHz PUSCH resource allocation in CE mode A
	
	Resource allocation overhead
(20 MHz system bandwidth)
	Pros and cons

	
	wideband/
narrowband index ( eq \o\ac(○,1))
	Resource allocation ( eq \o\ac(○,2))
	total overhead  ( eq \o\ac(○,1)+ eq \o\ac(○,2))
	

	Alt A
	2 or 4
	9
	11 or 13
	· The starting position may be limited. e.g., the starting position is limited to the narrowband boundary for resource allocation of 5 MHz PUSCH.
· PRBs at the band edges that do not belong to any narrowband cannot be used.

	Alt B
	0
	12
	12
	· No limitation on starting position
· minor standardization impact

	Alt C
	7
	5
	12
	· No limitation on starting position
· large standardization impact

	Alt D
	4
	2
	6
	· The starting position is limited to the narrowband boundary.
· The resource allocation granularity is narrowband.
· PRBs that do not belong to any narrowband cannot be used.

	Alt E
	4
	5
	9
	· The starting position may be limited. e.g., the starting position is limited to the narrowband boundary for resource allocation of 5 MHz PUSCH.
· PRBs at the band edges that do not belong to any narrowband cannot be used.


The DCI format size of DL grant and UL grant should be the same. For downlink, to support continuous and discontinuous resource allocation, overhead of DL grant would be larger than that of legacy DCI. For example, 4-bit ‘Starting narrowband index’ is required for 5 MHz PDSCH resource allocation in CE mode A to indicate wideband location. Overhead is not the most essential factor to determine the resource allocation scheme for maximum 5 MHz PUSCH resource allocation in CE mode A. Considering that Alt A, Alt D, and Alt E may have starting position restriction issue and the standardization impact of Alt C is larger than that of Alt B, Alt B is the most preferable solution.
Proposal 2: For resource allocation of PUSCH with maximum 5 MHz channel bandwidth in CE mode A,
· Existing PUSCH resource allocation type 0 is reused for system bandwidth of 5 MHz.
· Reusing existing PUSCH resource allocation type 0 but limiting the RIV values can be considered for system bandwidth larger than 5 MHz.
2.1.4 Resource allocation for maximum 20 MHz PDSCH in CE mode A

For Rel-14 non-BL UE operates in CE mode A with a maximum PDSCH channel bandwidth of 20 MHz, based on the assumption that the number of maximum allocatable PRBs is 96, existing LTE type 0/type 1 resource allocation can be reused with new RBG definition. Based on the assumption that a RBG is composed of a narrowband, the resource allocation overhead for maximum 20 MHz PDSCH in CE mode A is 16 bits.
Proposal 3: For resource allocation of PDSCH with maximum 20 MHz channel bandwidth in CE mode A, existing LTE type 0/type 1 resource allocation can be reused with the definition that a RBG is composed of a narrowband.
2.2 Resource allocation in CE mode B
In CE mode B, in order to improve the link performance, the resource allocation overhead should be reduced as much as possible. To keep the resource allocation overhead for larger channel bandwidth same as 1.4 MHz case is beneficial for coverage enhancement.
Observation 2: In CE mode B, keeping the resource allocation overhead for larger channel bandwidth same as 1.4 MHz case is beneficial for coverage enhancement.
2.2.1 Resource allocation for maximum 1.4 MHz PDSCH/PUSCH in CE mode B

For Rel-14 BL/non-BL UE operates in CE mode B with a maximum PDSCH/PUSCH channel bandwidth of 1.4 MHz, PDSCH/PUSCH resource allocation in Rel-13 eMTC can be reused (i.e., to reuse ‘Resource block assignment’ field in DC format 6-1B/6-0B).

2.2.2 Resource allocation for maximum 5 MHz PDSCH in CE mode B

For Rel-14 BL/non-BL UE operates in CE mode B with a maximum PDSCH channel bandwidth of 5 MHz, the number of maximum allocatable PRBs for PDSCH is 24. CSI feedback is not supported for UEs in CE mode B. Frequency scheduling flexibility is not necessary for Rel-14 UEs in CE mode B. Besides overlapped wideband definition, non-overlapped wideband definition as discussed in [2] can be considered in CE mode B. 1/2/3/4 widebands are defined for 5/10/15/20 MHz system bandwidth respectively if non-overlapped wideband definition is applied. For non-overlapped wideband definition case, wideband index is used to indicate a wideband. To keep the resource allocation overhead for PDSCH with 5 MHz channel bandwidth in CE mode B same as 1.4 MHz case, the resource allocation granularity for 5 MHz maximum PDSCH in CE mode B can be based on narrowband. The resource allocation method for 5 MHz maximum PDSCH in CE mode B can use ‘Wideband index’ + ‘narrowband bitmap within a wideband’. For system bandwidth larger than 5 MHz, one bit is required to indicate ‘wideband index’ for 10 MHz system bandwidth while 2 bits are required for 15/20 MHz system bandwidth. Three bits are required to indicate ‘narrowband bitmap within a wideband’ field.
Observation 3: Wideband index can be used to indicate non-overlapped wideband in CE mode B.
· One bit is required to indicate ‘wideband index’ for 10 MHz system bandwidth while 2 bits are required for 15/20 MHz system bandwidth
Observation 4: To reduce the DCI overhead, resource allocation granularity of narrowband can be considered for PDSCH with 5 MHz channel bandwidth in CE mode B.
Proposal 4: Resource allocation for PDSCH with maximum 5 MHz channel bandwidth in CE mode B is based on  
· Wideband index + narrowband bitmap within a wideband
2.2.3 Resource allocation for maximum 20 MHz PDSCH in CE mode B
For Rel-14 non-BL UEs in CE mode B, to keep the same overhead as 5 MHz case, resource allocation for 20 MHz PDSCH channel bandwidth can use ‘allocated widebands’ + ‘resource allocation within each allocated wideband’. The allocated resources for each allocated wideband are the same. For system bandwidth larger than 5 MHz, one bit can be used to indicate ‘allocated widebands’ for 10 MHz system bandwidth while 2 bits can be used for 15/20 MHz system bandwidth. For example, for the case of system bandwidth of 20 MHz, 2 bits can be used to indicate  ‘allocated wideband’ as exampled in Table 3 and three bits are used to indicate ‘resource allocation within each allocated wideband’. Indication of ‘Resource allocation within each allocated wideband’ can reuse the same method for 5 MHz maximum PDSCH channel bandwidth in CE mode B. Namely; 3-bit ‘narrowband bitmap within a wideband’ can be used. To make wideband allocation more flexible, 3-bit ‘allocated widebands’ filed can be considered as shown in Table 4. Accordingly, only 2 bits are used to indicate ‘resource allocation within each allocated wideband’.  
Table 3 Example of 2-bit ‘Allocated widebands’ filed for 20 MHz system bandwidth 
	Allocated widebands
	Description

	00
	wideband #0

	01
	wideband #0 and #1

	10
	wideband #0, #1 and #2

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


Table 4 Example of 3-bit ‘Allocated widebands’ filed for 20 MHz system bandwidth 
	Allocated widebands
	Description

	000
	wideband #0

	001
	wideband #1

	010
	wideband #2

	011
	wideband #3

	100
	wideband #0 and #1

	101
	wideband #2 and #3

	110
	wideband #0, #1 and #2

	111
	wideband #0, #1, #2 and #3


Proposal 5: For Rel-14 non-BL UEs, resource allocation for PDSCH with maximum 20 MHz channel bandwidth  in CE mode B is based on
· Allocated widebands  + resource allocation within each allocated wideband
3 Conclusions
In this contribution, we have discussed resource allocation to support larger PDSCH/PUSCH channel bandwidth. We make the following observations and proposals:
Observation 1: PRB-level resource allocation granularity is necessary for support of discontinuous resource allocation.

Observation 2: In CE mode B, keeping the resource allocation overhead for larger channel bandwidth same as 1.4 MHz case is beneficial for coverage enhancement.
Observation 3: Wideband index can be used to indicate non-overlapped wideband in CE mode B.
· One bit is required to indicate ‘wideband index’ for 10 MHz system bandwidth while 2 bits are required for 15/20 MHz system bandwidth
Observation 4: To reduce the DCI overhead, resource allocation granularity of narrowband can be considered for PDSCH with 5 MHz channel bandwidth in CE mode B.

Proposal 1: Resource allocation of PDSCH with maximum 5 MHz channel bandwidth in CE mode A is based on

· Starting narrowband index  + narrowband bitmap within the wideband + resource allocation within the narrowband. 

Proposal 2: For resource allocation of PUSCH with maximum 5 MHz channel bandwidth in CE mode A,
· Existing PUSCH resource allocation type 0 is reused for system bandwidth of 5 MHz.
· Reusing existing PUSCH resource allocation type 0 but limiting the RIV values can be considered for system bandwidth larger than 5 MHz.
Proposal 3: For resource allocation of PDSCH with maximum 20 MHz channel bandwidth in CE mode A, existing LTE type 0/type 1 resource allocation can be reused with the definition that a RBG is composed of a narrowband.
Proposal 4: Resource allocation for PDSCH with maximum 5 MHz channel bandwidth in CE mode B is based on  

· Wideband index + narrowband bitmap within a wideband
Proposal 5: For Rel-14 non-BL UEs, resource allocation for PDSCH with maximum 20 MHz channel bandwidth  in CE mode B is based on

· Allocated widebands  + resource allocation within each allocated wideband
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