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Discussion and Decision
1 Introduction

In RAN1#87, the following agreements were made –

· 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
· 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

In this contribution, we consider resource allocation details of UEs that are configured with larger PDSCH/PUSCH channel bandwidth.

2 PDSCH Resource Allocation
As agreed in RAN1#87, UEs that have been configured with 5 or 20 MHz maximum PDSCH channel bandwidth can be allocated 24 or 96 PRBs, respectively. In addition, these PRBs must be part of narrowbands defined in Rel-13. Furthermore, both contiguous and non-contiguous resource allocation is supported. For the resource allocation scheme, it is desirable to have commonality in the design for the 5 MHz and 20 MHz cases. In addition, since the larger channel bandwidth is supported for both CE Mode A and B, it is also desirable to reuse the same design principle but with a lower overhead in CE Mode B.
With the above requirements and principles in mind, it is proposed to adopt similar resource allocation scheme as Rel-8 RAT0 for the PDSCH. In this scheme, resource allocation is via a bitmap indicating the allocated Resource Block Groups (RBGs) where a RBG is comprised of consecutive PRBs that are part of the narrowbands [2]. In Rel-8 RAT0, a bitmap is provided for the entire system bandwidth. For instance, a bitmap of size 25 bits is required for 20 MHz. For the UEs configured with 5 MHz PDSCH channel bandwidth, however, it is not necessary to use the full bitmap as the UE can address only 24 PRBs. Instead, resource can be allocated by giving the starting narrowband and bitmap of RBGs for the next 24 PRBs including the PRBS in the starting narrowband.
Proposal 1: For UEs configured with 5 MHz maximum PDSCH channel bandwidth, resource allocation is given by starting narrowband + a bitmap of RBG allocation.
For instance, with RBG size of 4 PRBs, the number of bits required for 20 MHz system bandwidth is 10. This corresponds to 4 bits for the starting narrowband indication and 6 bits to indicate the RBG bitmap for the next 24 PRBs. This is 1 bit more than the size of the Rel-13 resource allocation field and therefore is a reasonable amount of overhead to address larger bandwidth. Note that, in case of 15 MHz system bandwidth where the center 3 PRBs are not used, the 24 PRBs in the RBG bitmap may span more than 5 MHz. In this case, it is up to the eNB to not schedule RBG outside of the UE’s RF bandwidth in case the UE is a 5 MHz BL UE.

For UEs configured with 20 MHz maximum PDSCH channel bandwidth, there is no need to indicate the starting narrowband as there would be no overhead saving with this approach. Instead, only a bitmap of RBG allocation would be necessary like in Rel-8 RAT0 for PDSCH. To reduce the overhead, a larger RGB size can be used. For instance, RBG size of 8 PRBs can be used for UEs configured with 20 MHz maximum PDSCH bandwidth. This results in 12 bits being required for resource allocation in 20 MHz system bandwidth. Note that non-BL UE can also be configured with 5 MHz maximum PDSCH channel bandwidth in case a finer granularity is needed.

Proposal 2: For UEs configured with 20 MHz maximum PDSCH channel bandwidth, resource allocation is given by a bitmap of RBG allocation.
Like in Rel-8, the RBG size can depend on the system bandwidth to achieve good trade-offs between frequency domain granularity and DCI size. In addition to defining RBG size based on system bandwidth, the RBG size can also depend on CE mode with larger RBG size for CE Mode B. In Rel-13, the resource allocation field in CE Mode B is smaller by 4 bits. To reduce the overhead, the RBG size can be increased accordingly.

Proposal 3: RBG size can depend on maximum configured PDSCH bandwidth, system bandwidth, and CE Mode.

Table 1 lists possible RBG values for the various combinations of configured PDSCH bandwidth, system bandwidth, and CE Mode. Note that, in this case, it is assumed that non-BL UE will not be configured with 20 MHz maximum PDSCH channel bandwidth for system bandwidth less than 10 MHz. This is because it can be configured with 5 MHz maximum PDSCH channel bandwidth.

Table 1. Possible RBG size.
	RBG Size
	System Bandwidth (MHz)

	
	3
	5
	10
	15
	20

	CE Mode A
	UE configured with 5 MHz
	2
	4
	4
	4
	4

	
	UE configured with 20 MHz
	-
	-
	8
	8
	8

	CE Mode B
	UE configured with 5 MHz
	4
	8
	8
	8
	8

	
	UE configured with 20 MHz
	-
	-
	12
	12
	12


Table 2 provides the size of the resource allocation field based on the RBG value indicated in Table 1. From the table, it is seen that additional 1-3 bits are required for resource allocation to support UEs that are configured with larger PDSCH/PUSCH channel bandwidth
Table 2. Examples of resource allocation field size for various system bandwidth.
	Resource allocation
	System Bandwidth (MHz)

	
	3
	5
	10
	15
	20

	PDSCH
	CE Mode A
	Rel-13 
	6
	7
	8
	9
	9

	
	
	UE configured with 5 MHz
	7
	8
	9
	10
	10

	
	
	UE configured with 20 MHz
	-
	-
	6
	9
	12

	
	CE Mode B
	Rel-13 
	2
	3
	4
	5
	5

	
	
	UE configured with 5 MHz
	4
	5
	6
	7
	7

	
	
	UE configured with 20 MHz
	-
	-
	4
	6
	8


3 PUSCH Resource Allocation

For PUSCH resource allocation, only contiguous allocation is supported. Furthermore, only a maximum PUSCH bandwidth of 5 MHz can be configured, and this is only supported in CE Mode A. In Rel-8, the PUSCH resource allocation is given by a starting resource block and the number of contiguously allocated resource blocks (RAT0 for PUSCH) [1]. The same concept can be used here at the cost of larger size for resource allocation field. However, as the number of contiguously allocated resource blocks is limited to 25 PRBs, the increase in size may not be too much. Table 3 lists the resource allocation field size for various system bandwidth for this scheme. In this case, it is seen that there is an increase of 3 bits at 20 MHz, and 1-2 bits for other system bandwidth. Note that Table 3 assumes that all PRBs at the band edges that do not belong to any narrowband cannot be assigned to the UE.
Table 3. Comparison of resource allocation field size.
	CE Mode A
	System Bandwidth (MHz)

	
	3
	5
	10
	15
	20

	Rel-13
	6
	7
	8
	9
	9

	UE configured with 5 MHz - starting PRB + length
	7
	9
	10
	11
	12


Based on the comparison shown in Table 3, it is seen that the increase in overhead is acceptable. In any case, since 6-0A and 6-1A must have the same size, there may be some spare bits available to accommodate the slightly larger resource allocation size in the uplink. Therefore, for UEs configured with 5 MHz maximum PUSCH channel bandwidth, it is proposed that resource allocation is given by starting PRB + length of contiguously allocated PRBs (same as RAT0 for PUSCH).
Proposal 4: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, resource allocation is given by starting PRB + length of contiguously allocated PRBs.

Alternately, if the size of the PUSCH resource allocation field is deemed to be too large, the concept of RBG can be applied here. In this case, the resource allocation will be given by the starting RBG + length of contiguously allocated RBGs. For instance, with RBG size of 2 PRBs, only 10 bits would be required for resource allocation in 20 MHz system. This trade-off comes at the expense of frequency domain granularity, but may be acceptable to keep the DCI size small. In case RBG is used, RBG size of 1 PRB can be used for smaller system bandwidth.
In RAN1#87, it was agreed that the PUSCH allocation for UEs configured with 5 MHz PUSCH channel bandwidth can include at least certain PRBs that are not part of narrowbands. This includes the central PRB(s) in case of odd system bandwidth. However, it remains FFS whether PRBs at the band edges that do not belong to any narrowband can be scheduled. Assigning PRBs at the band edges that do not belong to any narrowband will make handling of frequency hopping difficult. In addition, those PRBs are generally reserved for the PUCCH and therefore unlikely to be used for PUSCH transmission. Therefore, it is proposed that PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. Naturally, when frequency hopping is disabled, there is no need to restrict scheduling of the PRBs at the band edge as the resource allocation scheme can easily support this.
Proposal 5: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. They can be scheduled when frequency hopping is disabled.
4 Conclusions

In this contribution, we consider resource allocation for UEs configured with larger PDSCH/PUSCH bandwidth and make the following proposals –

Proposal 1: For UEs configured with 5 MHz maximum PDSCH channel bandwidth, resource allocation is given by starting narrowband + a bitmap of RBG allocation.
Proposal 2: For UEs configured with 20 MHz maximum PDSCH channel bandwidth, resource allocation is given by a bitmap of RBG allocation.
Proposal 3: RBG size can depend on maximum configured PDSCH bandwidth, system bandwidth, and CE Mode.

Proposal 4: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, resource allocation is given by starting PRB + length of contiguously allocated PRBs.

Proposal 5: For UEs configured with 5 MHz maximum PUSCH channel bandwidth, PRBs at the band edges that do not belong to any narrowband cannot be scheduled when frequency hopping is enabled. They can be scheduled when frequency hopping is disabled.
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