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1 Introduction

For the supporting of larger PDSCH channel bandwidth, agreements made in recent RAN1 meetings include [1]:
RAN1#86 and RAN1#86bis agreement:
· 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 CE mode A and for PDSCH in CE mode B in RRC connected mode is 5 MHz.

RAN1#86bis and RAN1#87 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 and a maximum PUSCH channel bandwidth of 5 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.

RAN1#87 agreement on bandwidth configuration:

· 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 UEs can support CE mode B in connected mode with a maximum PDSCH channel bandwidth of either 1.4, 5 or 20 MHz.

RAN1#87 agreement on resource allocation:

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

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

· 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  

For Rel-14 BL/non-BL UEs, when they operate in maximum 1.4 MHz PDSCH channel bandwidth, DCI format 6-1A/6-1B can be reused. In this contribution, we discuss resource allocation for UEs operating 5 MHz or 20 MHz maximum PDSCH channel bandwidth in CE mode A and CE mode B.
2 Resource allocation for larger maximum PDSCH bandwidth in CE mode A

2.1 Resource allocation for 5 MHz maximum PDSCH bandwidth

In last RAN1 meeting, various resource allocation methods were discussed for 5 MHz maximum PDSCH bandwidth. We have the following candidates:
· Alt 1: NB index + type-2 PRB allocation within NB (i.e. same as Rel-13) for <= 1 NB, and type-2 RBG allocation for > 1 NB.
The main considerations behind this approach are as follows,

· A larger maximum PDSCH bandwidth of 5 MHz does not mean the resource allocation will always be close to 5 MHz. Depending on the instantaneous traffic characteristics, the allocated PDSCH bandwidth can be as small as in Rel-13 or can be up to 5 MHz.

· For small resource allocation it would be a waste to use large resource granularity, and for large resource allocation it would be a significant loss in terms of DCI payload if a small resource granularity is used.
In case less than or equal to 1 NB is allocated, the NB index can be indicated with 
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 bits, i.e. the same as Rel-13 DCI format 6-1A, the PRB allocation can fully follow Rel-13 DCI format 6-1A, i.e. 5 bits provide the resource allocation using DL resource allocation type 2 within the indicated NB. And if greater than 1 NB needs to be allocated, type-2 RBG-based allocation can be used, with a fixed RBG size of 3 PRBs.
The “> 1 NB” case can actually be accommodated by the unused states in the resource allocation field in Rel-13 DCI format 6-1A, as illustrated in Figure 1: since only 21 states (00000~10100) are used in the 5-bit “PRB allocation” in Rel-13, the 11 unused 5-bit states (10101~11111), when combining with the other 
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 bits, create a total of 
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 unused states, e.g. 176 unused states in the case of 20 MHz system bandwidth while only 30+29+…+25=165 states are required. Hence Alt1 is fully compatible with Rel-13 DCI format 6-1A.
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Figure 1 Supporting larger PDSCH bandwidth with the unused states of the resource allocation field in Rel-13 DCI format 6-1A
· Alt 2: Starting NB index (or wideband index) + NB bitmap or type2 NB allocation + Resource allocation within each NB
To indicate the starting NB index, 
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 bits can be used the same as in Rel-13. The NB with the starting NB index value is the first NB of the allocation. Then the remaining NBs are allocated from the subsequent 3 NBs with a 3-bit bitmap. Resource allocation is the same within each of the allocated narrowbands, reusing Rel-13 resource allocation. For an example with 20 MHz system bandwidth, 4+3 +5 bits are needed for resource allocation in this alternative [2].
In another way, non-overlapping widebands are defined as sets of 4 adjacent NBs, so each wideband has the bandwidth not larger than the maximum PDSCH BW of 5 MHz. The wideband index is indicated by 
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 MSBs of the resource allocation field. The NBs within the wideband can be indicated via a bitmap, or via the starting NB index and the number of NBs to be allocated, i.e. type 2 based NB allocation. This way needs 2+4+5 bits for 20 MHz system bandwidth, for both bitmap indication and type 2 based NB indication.[3]
In Alt 2, the resource allocation within each narrowband is restricted to be the same. 
· Alt 3: Starting NB index (or wideband index) + bitmap of RBG within 5 MHz bandwidth
The starting NB index or wideband index is indicated the same as in Alt 2. When starting NB index is indicated, the indicated starting NB and subsequent 3 NBs are within the 5 MHz bandwidth. The RBG size for 5 MHz system bandwidth is 2 PRBs, which gives 12 RBG in the  maximum 24 PRBs can be allocated. This would require 12 bits to indicate the allocated RBGs, which is a significant increase in DCI size considering that the Rel-13 eMTC requires only 5 bits to indicate the PRB within the narrowband. RBG size needs to be increased to reduce the DCI size. If we increase the RBG size from 2 PRBs to 3 PRBs giving 8 RBGs, the necessary bit number would be (4 or 2) +8 bits in 20 MHz system bandwidth [4]. 
· Alt 4: Starting NB index (or wideband index) + Resource allocation type 2 within 5 MHz bandwidth
The starting NB index or wideband index is indicated the same as in Alt 2. As for the resource allocation within 5 MHz bandwidth, the principle of type 2 resource allocation can be followed. The resource allocation granularity can be one PRB resulting 9 bits needed. To reduce the signaling overhead, the resource allocation granularity can be RBG. An option in [5] indicates wideband and one RBG comprised of 2 PRBs is regarded as resource allocation granularity, then 2+7 bits in total are needed for resource allocation in 20 MHz system bandwidth. Another option in [6] considers 4 PRBs as an RBG, thus 5 bits are enough for type 2 based resource allocation within 5 MHz bandwidth. The number of bits for larger bandwidth resource allocation could remain the same as Rel-13 DCI format 6-1A.
· Alt 5: Starting NB index + number of PRBs
This alternative reuses the Rel-13 resource allocation of 
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bits to indicate the starting NB index. The starting PRB is automatically given by the starting NB index. 5 bits are used to represent the number of contiguous PRBs allocated considering up to 24 PRBs can be allocated within 5 MHz bandwidth. This does not have an impact on the size of Rel-13 DCI format 6-1A resource allocation [6].
In Table 1, we compare the listed alternatives in terms of resource allocation granularity, number of bits required for 20 MHz system bandwidth, and whether different Rel-14 FeMTC UEs can be multiplexed within a same NB. Some notes are given for these alternatives in the last column.
Table 1 Comparison of the resource allocation alternatives
	Alternative
	Resource allocation granularity
	Number of bits required for 20 MHz system bandwidth
	Multiplexing with Rel-14 FeMTC UEs within a same NB
	Notes

	Alt 1: NB index + type-2 PRB allocation within NB (i.e. same as Rel-13) for <= 1 NB, and type-2 RBG allocation for > 1 NB.
	1 PRB for resource allocation of <= 1 NB

3 PRBs for resource allocation of > 1 NB
	9
	yes
	

	Alt 2: Starting NB index (or wideband index) + NB bitmap or type-2 NB allocation + Resource allocation within each narrowband
	1 PRB
	4+3+5 = 12

Or 2+4+5 = 11
	yes
	Resource allocation within each narrowband is restricted to be the same

When wideband index is indicated, the allocated resource cannot be freely placed within the system bandwidth

	Alt 3: Starting NB index (or wideband index) + bitmap of RBG within 5 MHz bandwidth
	3 PRBs
	(4 or 2)+8 = 12 or 10
	yes
	When wideband index is indicated, the allocated resource cannot be freely placed within the system bandwidth

	Alt 4: Starting NB index (or wideband index) + Resource allocation type 2 within 5 MHz bandwidth
	Option 1: indicate starting wideband index
	2 PRBs
	2+7 = 9
	yes
	The allocated resource cannot be freely placed within the system bandwidth

	
	Option 2: indicate starting NB index
	4PRBs
	4+5 = 9
	
	

	Alt 5: Starting NB index + number of PRBs
	1 PRB
	4+5 = 9
	no
	


It can be observed from the table that Alt 2 and Alt 5 have the minimum 1 PRB granularity for resource allocation with larger bandwidth. However, Alt 2 needs additional bits and is less flexible for resource allocation. When less than 6 PRBs are allocated within a NB for PDSCH, the resource can be heavily fragmented. A drawback for Alt 5 is that different Rel-14 FeMTC UEs can’t be multiplexed within a same NB. When Alt 3 and Alt 1 have the same 3 PRBs resource allocation granularity, the number of bits required of Alt 3 is more than Alt 1 in 20 MHz system bandwidth. Two options are considered for Alt 4, both have the same size in resource allocation field as Rel-13 DCI format 6-1A. For option 1 of Alt 4, the 2 PRBs granularity is less than Alt 1 for larger bandwidth resource allocation. But as the cost, the allocated resource is within a wideband, which cannot be freely placed within the system bandwidth and is not optimized for frequency selective scheduling. Option 2 of Alt 4 can overcome this drawback by indicating the NB index, but the resource allocation granularity is coarser. 
Observation 1: Indicating the starting wideband index or starting narrowband index imposes restrictions on placing the allocated resources within the system bandwidth.
Observation 2: Resource allocation schemes with a single 1-PRB granularity impose restrictions on multiplexing the allocated resources with other normal or Rel-14 FeMTC UEs.
Observation 3: Resource allocation schemes with a single 2-or-more-PRB granularity result in waste of resources when the required resources are small, without any bit savings when comparing to the mixed-granularity scheme.

Based on the comparison, we propose Alt 1 as the resource allocation method for larger PDSCH bandwidth in CE mode A with a good tradeoff between granularity, overhead and flexibility. 
Proposal 1: Resource allocation for 5 MHz maximum PDSCH bandwidth in CE mode A consists of the following,
· NB index and PRB-based DL type 2  for less than or equal to 1 NB allocation;
· RBG-based DL type 2 for greater than 1 NB allocation.
· RBG size is 3.
Proposal 2: Resource allocation for 5 MHz maximum PDSCH bandwidth in CE mode A is indicated in the “Resource block assignment” field in DCI format 6-1A by reinterpreting the unused states in Rel-13.
2.2 Resource allocation for 20 MHz maximum PDSCH bandwidth
Since it is agreed to strive for maximum commonality in the DCI design for the 5 MHz and 20 MHz cases, for non-BL UEs operating with 20 MHz maximum PDSCH bandwidth the similar method can be applied. The reinterpretation is designed for 20 MHz maximum PDSCH bandwidth.
To allocate the resource for 20 MHz maximum PDSCH bandwidth, a NB is taken as the granularity. In 20 MHz system bandwidth, the NB level type 2 based PDSCH resource allocation starts from 2 NBs to 16 NBs. There are 15+14+…+1=120 resource allocation states, which can be indicated by the 4 MSBs and the reserved 11 states of 5bits in the existing resource allocation field. The method is also applicable for other system bandwidths.
Proposal 3: Resource allocation for 20 MHz maximum PDSCH bandwidth in CE mode A consists of the following,
· NB index and PRB-based DL type 2  for less than or equal to 1 NB allocation;

· NB-based DL type 2 for greater than 1 NB allocation.

Proposal 4: Resource allocation for 20 MHz maximum PDSCH bandwidth in CE mode A is indicated in the “Resource block assignment” field in DCI format 6-1A by reinterpreting the unused states in Rel-13.
3 Resource allocation for larger maximum PDSCH bandwidth in CE mode B
In CE mode B, the larger maximum PDSCH bandwidth is supported, but the larger maximum PUSCH bandwidth is not. For PUSCH in CE mode B, the resource allocation method of Rel-13 DCI format 6-0B can be reused as the maximum bandwidth supported by FeMTC UEs is 1.4 MHz unchanged. The MCS field for UEs configured with larger maximum PDSCH/PUSCH bandwidth retains 4 bits in the corresponding DCI. Other Rel-14 FeMTC features such as HARQ-ACK bundling, 10 DL HARQ processes and the maximum UL TBS UEs with maximum 1.4 MHz bandwidth are only supported in CE mode A, which will not impact the DCI size in CE mode B. If the size of resource allocation field in the DCI for PDSCH is enlarged to support larger maximum PDSCH bandwidth operation in CE mode B, additional padding bits will be added to the DCI for PUSCH to make the size the same and it is not very efficient. So for the resource allocation field to support larger maximum PDSCH bandwidth operation in CE mode B, we need to strive for the same size as in Rel-13 DCI format 6-1B.
Proposal 5: The size of Rel-13 DCI format 6-1B is not increased for supporting larger maximum PDSCH bandwidth operation in CE mode B.
The resource allocation in Rel-13 DCI format 6-1B has 
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 MSB bits to provide the NB index and 1 bit to provide the resource allocation within the indicated NB. For 5 MHz maximum PDSCH bandwidth resource allocation, the eNB can firstly indicate the starting NB index with the value being multiple of 4, and then indicates the allocated PRBs or NBs. The number of bits for PRBs or NBs allocation is shown in Table 2 below to make the same resource allocation field size as in Rel-13.
Table 2 Comparison of the number of bits between DCI format 6-1B and the new resource allocation method
	System bandwidth
	1.4MHz 
	3MHz 
	5MHz 
	10MHz 
	15MHz 
	20MHz 

	(1). Number of NBs within system bandwidth
	1
	2
	4
	8
	12
	16

	(2). Number of bits for NB index indication in DCI format 6-1B
	0
	1
	2
	3
	4
	4

	(3). Number of bits for resource allocation within the indicated NB in DCI format 6-1B
	1
	1
	1
	1
	1
	1

	(4). Number of bits for resource allocation field in DCI format 6-1B = (2) + (3)
	1
	2
	3
	4
	5
	5

	(5). Number of bits to indicate the starting NB index with the value being multiple of 4
	-
	0
	0
	1
	2
	2

	(6). Number of bits available for PRBs or NBs allocation = (4) – (5)
	-
	2
	3
	3
	3
	3


It is seen 2 bits can be used for PRBs or NBs allocation in 3 MHz system bandwidth, and 3bits can be used in system bandwidth larger than 3 MHz. When the system bandwidth is 1.4 MHz, Rel-13 DCI format 6-1B resource allocation can be reused. The PRBs or NBs allocations in 3 MHz system bandwidth and system bandwidth larger than 3 MHz are shown in Table 3 and Table 4 respectively for 5 MHz maximum PDSCH channel bandwidth. NBi is the indicated starting NB with index i being multiple of 4, and NBi, NBi+1, NBi+2, NBi+3 are 4 consecutive NBs.
Table 3 PRBs or NBs allocation in 3 MHz system bandwidth
	2 bits
	PRBs or NBs allocation

	00 
	The first 4 PRBs in  NBi

	01 
	NBi 

	10 
	The first 4 PRBs in  NBi and the first 4 PRBs in  NBi+1

	11 
	NBi, NBi+1 


Table 4 PRBs or NBs allocation in system bandwidth larger than 3 MHz for 5 MHz maximum PDSCH bandwidth
	3 bits
	PRBs or NBs allocation

	000 
	The first 4 PRBs in  NBi

	001 
	NBi 

	010 
	NBi, NBi+1 

	011 
	NBi+1, NBi+2 

	100 
	NBi+2, NBi+3 

	101 
	NBi, NBi+1, NBi+2 

	110 
	NBi+1, NBi+2, NBi+3 

	111 
	NBi, NBi+1, NBi+2, NBi+3 


For 20 MHz maximum PDSCH bandwidth in CE mode B, the resource allocation can also be similar as that for 5 MHz maximum PDSCH bandwidth. Table 3 also applies for UEs supporting 20 MHz maximum PDSCH bandwidth in 3 MHz system bandwidth.  In system bandwidth larger than 3 MHz, we use 3 bits to indicate the allocated PRBs or NBs with bandwidth up to 20 MHz. An example is shown in Table 5, where WBj, WBj+1, WBj+2 and WBj+3 represent respectively the consecutive 4 NBs starting from NBi, NBi+4, NBi+8 and NBi+12. The PRBs or NBs allocation in Table 5 has finer granularity when the needed allocation is smaller and coarser granularity when the needed allocation is larger.
Table 5 PRBs or NBs allocation in system bandwidth larger than 3 MHz for 20 MHz maximum PDSCH bandwidth
	3 bits
	PRBs or NBs allocation

	000 
	The first 4 PRBs in  NBi 

	001 
	NBi，NBi+1

	010 
	WBj

	011 
	WBj, WBj+1 

	100 
	WBj, WBj+2 

	101 
	WBj, WBj+1, WBj+2 

	110 
	WBj, WBj+2, WBj+3 

	111 
	WBj, WBj+1, WBj+2, WBj+3 


Proposal 6: For larger maximum PDSCH bandwidth resource allocation in CE mode B, firstly indicate the starting NB index with the value being multiple of 4, and then indicates the allocated PRB or NBs with 2 or 3 bits as shown in Table 3~Table 5.

4 Conclusion
The resource allocation methods for supporting 5 MHz and 20 MHz PDSCH channel bandwidth are discussed in this contribution for CE mode A and CE mode B. We show our preference and propose:
Proposal 1: Resource allocation for 5 MHz maximum PDSCH bandwidth in CE mode A consists of the following,
· NB index and PRB-based DL type 2  for less than or equal to 1 NB allocation;

· RBG-based DL type 2 for greater than 1 NB allocation.

· RBG size is 3.

Proposal 2: Resource allocation for 5 MHz maximum PDSCH bandwidth in CE mode A is indicated in the “Resource block assignment” field in DCI format 6-1A by reinterpreting the unused states in Rel-13.

Proposal 3: Resource allocation for 20 MHz maximum PDSCH bandwidth in CE mode A consists of the following,
· NB index and PRB-based DL type 2  for less than or equal to 1 NB allocation;

· NB-based DL type 2 for greater than 1 NB allocation.

Proposal 4: Resource allocation for 20 MHz maximum PDSCH bandwidth in CE mode A is indicated in the “Resource block assignment” field in DCI format 6-1A by reinterpreting the unused states in Rel-13.
Proposal 5: The size of Rel-13 DCI format 6-1B is not increased for supporting larger maximum PDSCH bandwidth operation in CE mode B.

Proposal 6: For larger maximum PDSCH bandwidth resource allocation in CE mode B, firstly indicate the starting NB index with the value being multiple of 4, and then indicates the allocated PRBs or NBs with 2 or 3 bits as shown in Table 3~Table 5.
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