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1 Introduction
The latest discussion for eLAA PUSCH resource allocation made the following agreements [1] such that:
Agreement
· Confirm the previous working assumption

· the 10RBs are spaced equally in frequency domain for 20MHz

· Example for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90

· Scheduling 70 UL RBs is not supported

Agreement
· One interlace is composed of 10RB/interlace for 10MHz
Possible agreement:
· Companies are encouraged to provide their preference on the RA alternatives

· Alt 1: UL resource allocation type 0

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns with the number of bits being same or less than Alt. 1

· Define all contiguous patterns + the patterns in the set [0+5, 1+6, ….]

· Define all contiguous patterns + other patterns

· Examples provided in R1-164055
· Define some number of patterns based on the number of interlaces allocated

· More patterns for fewer interlaces

· Alt 4: RRC configure between Alt 1 and Alt 2

In this contribution, the possible minimal size pattern of resource allocation (RA) table of resource allocation using groups of 10 interlaced PRBs, mainly for 20MHz case will be discussed. To make this, the lower bound of table size will be given and a possible table composed by predefined patterns satisfying the bound will be proposed.
2 The Minimal Size
An RA table must respond all the potentials of allocation combinations, from the case with one UE occupying all the PRBs to ten UEs with all PRBs are distributed equally. In other word, an RA table must contain the following patterns:
(1) A pattern containing all the elements: {0 1 2 3 4 5 6 7 8 9}
(2) 10 different patterns containing single element: {0}, {1}, …, {9}
The table must respond to the following allocation combinations also: 9:1, 8:2, 6:4, 5:5, 4:4:2, 3:3:3:1 and 2:2:2:2:2. In other word, the table must contain the following patterns:
(3) 3 patterns containing nine, eight, or six elements
(4) 2 different patterns containing five elements
(5) 2 different patterns containing four elements
(6) 3 different patterns containing three elements
(7) 5 different patterns containing two elements
These observations show that the size of proper RA table, that is, the number of indices of the RA table is at least 26 for the 20MHz case.
Observation 1: The size of an RA table is at least 26 for the 20MHz case, that is, at least 5 bits are needed to inform the allocated pattern to each UE.
3 Predefined Pattern Tables
RA table containing [0+5, 1+6, ….]
In the latest discussion, supporting denser uniform patterns for cases of 2 PRBs in a subband, that is, supporting patterns {0 5}, {1 6}, {2 7}, {3 8}, and {4 9} is proposed. Table 1 shows the RA table containing such patterns.
Table 1: Resource Allocation (RA) Table Type 1 

	Index
	# of PRBs (in a subband)
	Pattern
	Index
	# of PRBs
	Pattern

	0
	1
	0
	14
	2
	49

	1
	1
	1
	15
	3
	035

	2
	1
	2
	16
	3
	146

	3
	1
	3
	17
	3
	279

	4
	1
	4
	18
	4
	0358

	5
	1
	5
	19
	4
	1267

	6
	1
	6
	20
	5
	03458

	7
	1
	7
	21
	5
	12679

	8
	1
	8
	22
	6
	124679

	9
	1
	9
	23
	8
	01235678

	10
	2
	05
	24
	9
	012345678

	11
	2
	16
	25
	10
	0123456789

	12
	2
	27
	
	
	

	13
	2
	38
	
	
	


Observation 2: There exists an RA table for the resource allocation with the minimal size at the 20MHz case.
Proposal 1: A predefined allocation table is used for the resource allocation of interlace-based allocation in the 20MHz case.
Alt. 1-1: If it is needed to use minimal size RA table for the resource allocation, Table 1 is used.
RA table containing [0+2+4+6+8, 1+3+5+7+9]
Similarly for cases of 2 PRBs in a subband, there are uniform patterns for cases of 5 PRBs in a subband. They are {0 2 4 6 8} and {1 3 5 7 9}. Table 2 can be directly obtained containing these patterns by changing some symbols from Table 1. Note that the PRB symbol 2, 5 are interchanged and 3, 6 are interchanged.
Table 2: RA Table Type 2 

	Index
	# of PRBs
	Pattern
	Index
	# of PRBs
	Pattern

	0
	1
	0
	14
	2
	49

	1
	1
	1
	15
	3
	026

	2
	1
	2
	16
	3
	134

	3
	1
	3
	17
	3
	579

	4
	1
	4
	18
	4
	0268

	5
	1
	5
	19
	4
	1357

	6
	1
	6
	20
	5
	02468

	7
	1
	7
	21
	5
	13579

	8
	1
	8
	22
	6
	134579

	9
	1
	9
	23
	8
	01235678

	10
	2
	02
	24
	9
	012345678

	11
	2
	13
	25
	10
	0123456789

	12
	2
	57
	
	
	

	13
	2
	68
	
	
	


Proposal 2: Patterns {0 2 4 6 8} and {1 3 5 7 9} for 5 PRBs in a subband are included to the RA table.
3.3 RA table containing both
An RA table with minimal size cannot contain both {0 5}, {1 6}, {2 7}, {3 8}, {4 9} and {0 2 4 6 8}, {1 3 5 7 9}. The reason is that the pattern cannot respond the ratio 5:2:x without adding another pattern. Table 3 shows the sub-minimal size RA table containing both. It is made from Table 1 adding two pattern {0 2 4 6 8}, {1 3 5 7 9}, and excluding {1 2 6 7 9}.
Table 3: RA Table Type 3 

	Index
	# of PRBs
	Pattern
	Index
	# of PRBs
	Pattern

	0
	1
	0
	14
	2
	49

	1
	1
	1
	15
	3
	035

	2
	1
	2
	16
	3
	146

	3
	1
	3
	17
	3
	279

	4
	1
	4
	18
	4
	0358

	5
	1
	5
	19
	4
	1267

	6
	1
	6
	20
	5
	02468

	7
	1
	7
	21
	5
	03458

	8
	1
	8
	22
	5
	13579

	9
	1
	9
	23
	6
	124679

	10
	2
	05
	24
	8
	01235678

	11
	2
	16
	25
	9
	012345678

	12
	2
	27
	26
	10
	0123456789

	13
	2
	38
	
	
	


Alt 1-2 (of Proposal 1): Table 3 is used for the resource allocation.
3.4 RA table with maximal contiguity
Some requirement may need another view: some implementation issues or physical characteristic may require contiguous patterns similar with minimal combinations of RA type-0. To face that, same approach with Table 1 can be applied to construct Table 4.
Table 4: RA Table Type 4
	Index
	# of PRBs
	Pattern
	Index
	# of PRBs
	Pattern

	0
	1
	0
	14
	2
	49

	1
	1
	1
	15
	3
	015

	2
	1
	2
	16
	3
	267

	3
	1
	3
	17
	3
	389

	4
	1
	4
	18
	4
	0156

	5
	1
	5
	19
	4
	3489

	6
	1
	6
	20
	5
	01459

	7
	1
	7
	21
	5
	23678

	8
	1
	8
	22
	6
	012456

	9
	1
	9
	23
	8
	01235678

	10
	2
	05
	24
	9
	012345678

	11
	2
	16
	25
	10
	0123456789

	12
	2
	27
	
	
	

	13
	2
	38
	
	
	


Alt. 1-3 (of Proposal 1): If it is needed to use patterns with maximal contiguity for the resource allocation, Table 4 is used.
3.5 Implementation Issues
Unlike the RA type-0, the table of predefined patterns is complicated to respond arbitrary input ratio directly. One possible approach is constructing the mapping table. For example, Table 5 shows a possible mapping table for Table 3. Note that it is not the only solution. Ratios for the number of interlace is 1 is excluded, since it is quite trivial.
Table 5: Mapping Table for Table 3 

	Ratio
	Index
	Ratio
	Index
	Ratio
	Index

	10
	26
	5:3
	21 17
	3:3:2:2
	16 17 10 13

	9(:1)
	25 (9)
	5:2:2
	21 11 12
	3:3:2
	16 17 10

	8:2
	24 14
	5:2
	21 11
	3:3
	16 17

	6:4
	23 18
	4:4:2
	18 19 14
	3:2:2:2
	16 10 12 13

	6:3
	23 15
	4:3:3
	18 16 17
	3:2:2
	16 10 12

	6:2:2
	23 10 13
	4:3:2
	18 17 11
	3:2
	16 10

	6:2
	23 10
	4:2:2:2
	18 11 12 14
	2:2:2:2:2
	10 11 12 13 14

	5:5
	20 22
	4:2:2
	18 11 12
	2:2:2:2
	10 11 12 13

	5:4
	21 19
	4:2
	18 11
	2:2:2
	10 11 12

	5:3:2
	21 17 11
	3:3:3
	15 16 17
	2:2
	10 11


Since the maximum size of 5-bit table is 32, there are 5 spaces in Table 3. Note that 5:4 and 5:3 cannot have uniformly distributed patterns. Therefore, adding the following patterns can be considered: {0 2 6 8}, {0 4 8}.
Observation 3: Implementation with the RA table with predefined patterns is feasible, while it is less direct than the RA type-0 based mapping.
Option 1-2-1 (of Alt. 1-2): Patterns {0 2 6 8}, {0 4 8} are added to Table 3.
3.6 The 10MHz case
It is needed to define another pattern table for the 10MHz case. The case can be approached similarly. Table 5 shows a possible solution. Since 5 is a prime number, there is no denser pattern with uniformly distributed.
Table 6: RA Table Type 5 

	Index
	# of PRB
	Pattern
	Index
	# of PRB
	Pattern

	0
	1
	0
	5
	2
	02

	1
	1
	1
	6
	2
	13

	2
	1
	2
	7
	3
	024

	3
	1
	3
	8
	4
	0123

	4
	1
	4
	9
	5
	01234


Proposal 3: For the resource allocation of 10MHz case, Table 6 is used.
3.7 Discussions
This contribution gives many possible RA tables with predefined patterns for PUSCH resource allocation, and shows their feasibility of implementation. The main strength of the predefined pattern is that the length of allocation message, 5 bits. The predefined pattern also has some weaknesses: implementation and flexibility to another bandwidth. Related discussions may be required for the final agreements.
Another weakness of the proposal in this contribution is that the capability against selective ability of each slots. For example, assume that slot 2 and 3 cannot be used by some reasons, like channel circumstance or any other. In this case, the BS needs to schedule using only remained slots, apparently cannot responds the single user needs to be fully scheduled. To avoid 2 and 3 slots using mapping in Table 5, the UE can be scheduled with only three slots and five slots remains unused. On the other hand, RA type-0 can use 6 slots. Although the perfect solution for this problem is using bitmap based RA, the capability usually degrades than RA type-0 also. However, the selective availability may occur with very rare probability.
4 Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: The size of an RA table is at least 26 for the 20MHz case, that is, at least 5 bits are needed to inform the allocated pattern to each UE.
Observation 2: There exists an RA table for the resource allocation with the minimal size at the 20MHz case.
Observation 3: Implementation with the RA table with predefined patterns is feasible, while it is less direct than the RA type-0 based mapping.
Proposal 1: A predefined allocation table is used for the resource allocation of interlace-based allocation in the 20MHz case.
Alt. 1-1: If it is needed to use minimal size RA table for the resource allocation, Table 1 is used


Alt. 1-2: Table 3 is used for the resource allocation.


Option 1-2-1: Patterns {0 2 6 8}, {0 4 8} are added to Table 3.
Alt. 1-3: If it is needed to use patterns with maximal contiguity for the resource allocation, Table 4 is used.
Proposal 2: Patterns {0 2 4 6 8} and {1 3 5 7 9} for 5 PRBs in a subband are included to the RA table.
Proposal 3: For the resource allocation of the 10MHz case, Table 6 is used.
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