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1
Introduction
 [1] includes the following resource allocation types: 
· Resource allocation type 0 – multi-RB allocation with bit-map to RB groups 

· Resource allocation type 1 – single-RB bit-map within a subset of RBs

· Resource allocation type 2 – set of contiguous physical or virtual RBs
Resource allocation types 0 and 1 are used in PDCCH formats of the same payload size while resource allocation type 2 is used in PDCCH formats with a smaller payload size. Therefore, at least 1 bit is required to distinguish DL assignments using resource allocation type 0 or type 1.  

Resource allocation type 1 requires the indication of the set of RBs in addition to the bitmap therein. Therefore, either resource allocation type 0 contains some “reserved” unused bits or we need to limit the valid resource allocation field of type 1 so that the RB set indication and the bitmap therein span the same bit-width as needed for type 0.
This contribution discusses the resource allocation header for DL assignments of type 0 and 1 
2
Analysis
This section presents three different alternatives for the resource allocation header for PDCCHs carrying DL assignments.
2.1
Alternative 1  
Resource allocation fields in PDCCH: 

· Resource allocation type 0 (group-RB bit-map)

· 1-bit header to indicate resource allocation type 0
· ceiling(N_RB/P) bits for group bit-map resource allocation

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + 1) 

· Resource allocation type 1 (single-RB bit-map on set of RBs)

· 1-bit header to indicate resource allocation type 1
· ceiling(log2(P)) bits to indicate the group index

· P = 1: N/A as resource allocations type 0 and type 1 default to a full bit-map

· P = 2: 1-bit

· P = 3: 2-bits

· P = 4: 2-bits

· (ceiling(N_RB/P) - ceiling(log2(P))) bits for single-RB bit-map on selected group

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + 1) 
2.1.1
Pros and Cons of Alternative 1

Pros

· Minimum resource allocation size
· Simple browsing of PDCCH fields (independent header for resource allocation type 0 and 1)

Cons

· 1 or 2 RBs cannot be allocated with resource allocation type 1
2.2
Alternative 2  
Resource allocation fields in PDCCH:
· Resource allocation type 0 (group-RB bit-map)

· 1-bit header to indicate resource allocation type 0
· ceiling(N_RB/P) bits for group bit-map resource allocation

· ceiling(log2(P)) bits reserved

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + 1 + ceiling(log2(P))) 

· Resource allocation type 1 (single-RB bit-map on set of RBs)

· 1-bit header to indicate resource allocation type 1
· ceiling(log2(P)) bits for group index

· P = 1: N/A as resource allocation type 0 and type 1 default to a full bit-map

· P = 2: 1-bit

· P = 3: 2-bits

· P = 4: 2-bits

· ceiling(N_RB/P) bits for single-RB bit-map on selected group

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + 1 + ceiling(log2(P)))
2.2.1
Pros and Cons of Alternative 2

Pros

· All RBs can be allocated for resource allocation type 1
· Simple browsing of PDCCH fields (independent header for Resource allocation type 0 and 2)

Cons

· The resource allocation for Resource allocation type 0 is increased by 1 or 2 bits in all PDCCH instances
2.3
Alternative 3

Resource allocation fields in PDCCH:
· Resource allocation type 0 (group-RB bit-map)

· ceiling(log2(P+1)) bits for header to indicate the use of resource allocation type 0
· ceiling(N_RB/P) bits for group bit-map resource allocation

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + ceiling(log2(P+1))) 

· Resource allocation type 1 (single-RB bit-map on set of RBs)

· ceiling(log2(P+1)) bits for header to indicate the use of resource allocation type 1 and the group index
· P = 1: N/A as resource allocation type 0 and type 1 default to a full bit-map

· P = 2: 2-bit

· P = 3: 2-bits

· P = 4: 3-bits

· ceiling(N_RB/P)  bits for single-RB bit-map on selected group

Total number of bits for Resource Allocation: (ceiling(N_RB/P) + ceiling(log2(P+1)))

2.3.1
Pros and Cons of Alternative 3

Pros

· All RBs can be allocated

· Small reduction in unnecessary overhead for Resource allocation type 0 resource allocation by merging the 1-bit resource allocation selection to the group-index indicator of Resource allocation type 1
· The reduction is characterized in Table 1 below

Cons

· The resource allocation for Resource allocation type 0 is increased by 1 or 2 bits in all PDCCH instances

· Browsing of PDCCH fields (header for Resource allocation type 0 and 2 are dependent)
Header size for alternatives 2 and 3 for each of the possible values of P. Note that the header size for alternative 1 is 1-bit.
Table 1. Comparison of header size for Alternatives 2 and 3

	P
	Alternative 2
(1 + ceiling(log2(P)))
	Alternative 3
ceiling(log2(P+1))

	2
	2
	2

	3
	3
	2

	4
	3
	3


3 
Conclusion
The bit width for the resource allocation of resources type 0 and 1is to be the same. As we have seen in the analysis presented in section 2, there is no much difference in the bit-width of the different alternatives. 
However, in order to keep the decision made in [1], that 

Approach 1 [reosource allocation type 0] sets the limit on control signaling overhead, approach 2 [resource allocation type 1] should result in as much flexibility as possible within this limit
we recommend adopting alternative 1 in section 2, i.e., 

· Resource allocation header: 1-bit 
· To indicate resource allocation type 0 or type 1

· Resource allocation field

· Type 0: 

· Bitmap of ceiling(N_RB/P) bits

· Type 1:

· Set index: ceiling(log2(P))

· Bitmap of [ceiling(N_RB/P) – ceiling(log2(P))] bits
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