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1. Introduction

For Rel-10 UL resource allocation, multi-cluster allocation (UL RA type 1) by both DCI formats 0 and 4 has been agreed, on top of Rel-8 single cluster allocation (UL RA type 0). However, current description in specifications 36.212 [1] and 36.213 [2] cannot support both UL RA types for all BWs (not BW-agnostic). In detail, RA type 1 cannot be supported for some BWs with the RA field size currently defined for DCI format 0, and similarly, RA type 0 cannot be supported for some BWs with the current RA field size of DCI format 4.
In this contribution, we investigate the problem more specifically and suggest solutions for each DCI format. 
2. Problem in UL RA
For easy explanation, we define the RA field size currently specified for each DCI format and the RA field size required for supporting each UL RA type as below.
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In case of DCI format 0, for some BWs, required RA field size for UL RA type 1 becomes larger than current RA field size as 
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. Table 1 provides these problematic BWs. 
Table 1. Problematic BWs (when UL RA type 1 is supported by DCI format 0)
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	7
	6
	7

	9
	7
	8

	10
	7
	9

	55 – 63
	12
	13

	85 – 90
	13
	14

	101 – 110
	14
	15


In case of DCI format 4, for some BWs, required RA field size for UL RA type 0 becomes larger than current RA field size as 
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. Table 2 also provides these problematic BWs. 

Table 2. Problematic BWs (when UL RA type 0 is supported by DCI format 4)
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	11 – 12
	6
	7

	16
	7
	8

	27
	8
	9

	32 – 33
	9
	10


3. Possible solutions
3-1. Solutions for DCI format 0

In order to solve the problem in case of DCI format 0, three alternatives can be considered as below.
Alt 1) Setting non-available bits for the problematic BWs to a defined value [3]
Based on current RA field size 
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, this method is to use the available bits in DCI format 0 as the LSBs of combinatorial index r for RA type 1, and to set the MSBs that are not available in DCI format 0 (if any) to the value 0. This seems simple, but scheduling restriction is biased on only one edge of BW (the RBGs with the lowest indexes).
Alt 2) Excluding 1~3 RBGs for the problematic BWs only in case of RA type 1 
Based on current RA field size 
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, this method is to exclude 1~3 RBGs for the problematic BWs only when RA type 1 is used for UL resource allocation, where the excluded RBGs are evenly located in both edges of BW. This has also scheduling restriction (on the RBGs with the lowest/highest indexes), however, could be reasonable since both edges of BW are usually to be used as PUCCH resource. Table 3 suggests the number of excluded RBGs and their indexes for the problematic BWs.
Table 3. Number of excluded RBGs (only when UL RA type 1 is used)
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	# of excluded RBGs (index)

	7, 9, 55 – 57, 85 – 88, 101 – 104
	1 (highest)

	10, 58 – 60, 89 – 90, 105 – 108
	2 (lowest, highest)

	61 – 63, 109 – 110
	3 (lowest, highest, 2nd highest)


Alt 3) Revising RA field size in order to support both RA types without restriction
This method is to revise current RA field size 
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 in order that both RA types are supported without scheduling restriction on any RBG, as the following formula (including FH flag). 
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This seems straightforward, but is only applicable for UE-specific search space because blind decoding may increase if size of DCI format 0 becomes larger than current size also for common search space. As a result, DCI format 0 may have different size according to search space for some BWs. 
Among there three alternatives, Alt 2 is slightly preferred.

Proposal 1: For DCI format 0, UL RA type 1 is applied by excluding RBG(s) according to UL BW as, 
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	# of excluded RBGs (index)

	7, 9, 55 – 57, 85 – 88, 101 – 104
	1 (highest)

	10, 58 – 60, 89 – 90, 105 – 108
	2 (lowest, highest)

	61 – 63, 109 – 110
	3 (lowest, highest, 2nd highest)


3-2. Solution for DCI format 4

Unlike the case of DCI format 0 above, DCI format 4 is defined only for UE-specific search space without having payload size alignment with any other DCI formats such as DCI formats 0/1A/3/3A. Therefore, it is desirable that current RA field size 
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 is revised in order to support both UL RA types without any restriction, as the following formula. 
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Proposal 2: For DCI format 4, RA field size is defined as,
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4. Summary
In this contribution, we discuss the problematic BWs for UL resource allocation and suggest possible solutions for each DCI format. Finally, we propose: 

Proposal 1: For DCI format 0, UL RA type 1 is applied by excluding RBG(s) according to UL BW as, 
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	# of excluded RBGs (index)

	7, 9, 55 – 57, 85 – 88, 101 – 104
	1 (highest)

	10, 58 – 60, 89 – 90, 105 – 108
	2 (lowest, highest)

	61 – 63, 109 – 110
	3 (lowest, highest, 2nd highest)


Proposal 2: For DCI format 4, RA field size is defined as,
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