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1 Introduction

In RAN1 #88, the following agreements were made for 5MHz PUSCH resource allocation [1].
Agreement:
· For PUSCH resource allocation for 5 MHz channel bandwidth in CE mode A, 

· the number of bits in DCI for resource allocation is 
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· Resource allocation within one narrowband is according to Rel-13.

· Resource allocation of larger than one narrowband is indicated by a subset of the total number of 
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 unused states in Rel-13.

· Only the narrowband RBs are considered to determine the starting RB and number of RBs.

· RBG-based UL type 0 is used.

· RBG size is 3.

· If the PUSCH resource allocation is within a 5 MHz wideband, the center frequency of TX bandwidth is the center frequency of the wideband.

· If the PUSCH resource allocation spans two 5 MHz widebands, the center frequency of TX bandwidth is in the center of PUSCH resource allocation.

The above agreements were implemented in the editor’s CR to TS 36.213 [2] as “UL resource allocation type 4”. However, the 
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 to 
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 mapping table in [2] only covers 
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 values not larger than 5 MHz system bandwidth, and it is impossible to simply extend the table to cover 10 MHz or larger system bandwidth using the equation provided in [2].

In this contribution, a simple approach is proposed to fix UL resource allocation type 4 such that it is applicable for all relevant system bandwidths.

2 Problems of UL resource allocation type 4 in [2]
In [2] the resource allocation field in the DCI is denoted by 
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 which takes values of non-contiguous segments of integers, e.g. for 5 MHz system bandwidth, candidate states for UL resource allocation type 4 are 21~32, 53~63, 85~95, and 117~127.
Calculation of 
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 is done as follows: firstly the starting RBG index (
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) and the number of contiguously allocated RBGs (
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) are mapped to 
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 (hopefully taking contiguous values, but see below) with equation (1), and secondly 
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 is mapped to 
[image: image12.wmf]RBGIV

 with Table 1 (Table 8.1.5-1 in [2]).
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Table 1: 
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 to 
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 mapping (Table 8.1.5-1 in [2])
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	0
	92
	16
	22
	32
	59

	1
	93
	17
	23
	33
	60

	2
	94
	18
	24
	34
	61

	3
	95
	19
	25
	35
	62

	4
	117
	20
	26
	36
	63

	5
	118
	21
	27
	37
	85

	6
	119
	22
	28
	38
	86

	7
	120
	23
	29
	39
	87

	8
	121
	24
	30
	40
	88

	9
	122
	25
	31
	41
	89

	10
	123
	26
	53
	42
	90

	11
	124
	27
	54
	43
	91

	12
	125
	28
	55
	
	

	13
	126
	29
	56
	
	

	14
	127
	30
	57
	
	

	15
	21
	31
	58
	
	


The above approach has the following problems:

· Only the candidate states for 5 MHz system bandwidth case is covered in Table 1.
· Table 1 cannot be extended to support other, larger system bandwidth cases. For example, for 10 MHz system bandwidth, since range 0~31 cannot be used for 
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 (see Table 3), the corresponding 32 values of 
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 are also unavailable, and this will result in insufficient states for 
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 because a total of 69 states are required out of 88 candidate states (
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· 
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 was designed in the hope that it takes contiguous values for the set of valid inputs of (
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) such that a mapping table like Table 1 can be used for all system bandwidths. However, with equation (1), 
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 only takes contiguous values in some system bandwidths (e.g. 5 MHz, see Table 2). For other system bandwidths 
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 takes values of non-contiguous segments of integers (e.g. 10 MHz, see Table 3), losing the benefits of introducing such an intermediate notation.
Table 2 
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 values calculated using resource allocation type 4 in [2], 5 MHz system bandwidth
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	0~5
	3
	16~21

	0~4
	4
	24~28

	0~3
	5
	33~35

	0~2
	6
	31~29

	0~1
	7
	23~22

	0
	8
	15






Note: 
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 will never be used in actual resource allocations.
Table 3 
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 values calculated using resource allocation type 4 in [2], 10 MHz system bandwidth
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	0~13
	3
	32~45

	0~12
	4
	48~60

	0~11
	5
	64~75

	0~10
	6
	80~90

	0~9
	7
	96~105

	0~8
	8
	112~120


3 Proposed correction to UL resource allocation type 4
The UL resource allocation type 4 in [2] was adapted from UL resource allocation type 0 but in an incorrect way (it reuses the equation in type 0 and only changes 
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This section derives a reasonable equation for UL resource allocation type 4 based on an idea similar to that behind the RIV definition in type 0.

3.1 UL resource allocation type 0
For uplink resource allocation type 0, a resource allocation field in the scheduling grant consists of a resource indication value (RIV) corresponding to a starting resource block ([image: image45.wmf]START

RB

) and a length in terms of contiguously allocated resource blocks ([image: image46.wmf]CRBs
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( 1). The resource indication value is defined by 
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The following table and figure illustrate the RIV calculation/generation for UL resource allocation type 0 in 20MHz.
· The first 100 RIVs (0~99) are generated from LCRBs=1;
· The second 100 RIVs (100~199) are generated from LCRBs=2 and LCRBs=100;

· The third 100 RIVs (200~299) are generated from LCRBs=3 and LCRBs=99;
and so on for further RIVs.
Table 4: RIV numbering and calculation for UL RA type 0
	
	RIV
	RIV range
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Figure 1: RIV numbering and calculation

It can be seen that the main idea is to 
· Group large and small 
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 such that each group contains the same number of RIV values. 
· Assign RIV values such that for the small 
[image: image62.wmf]CRBs

L

, 
[image: image63.wmf]start

CRBs

RB

L

f

RIV

+

=

)

(

1

, and for the large 
[image: image64.wmf]CRBs

L

, 
[image: image65.wmf]start

CRBs

RB

L

f

RIV

-

=

)

(

2

.
With that the RIV can expressed as linear functions of (
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), and the RIV range is contiguous. When the UE acquires a RIV, it can use division operation and Mod operation to conveniently derive the LCRBs and [image: image68.wmf]START

RB

.
3.2 RBGIV for UL resource allocation type 4
Unlike UL resource allocation type 0, in UL resource allocation type 4 the states in the resource allocation field in the DCI (i.e. 
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) are non-contiguous. Nevertheless, every 
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 value has the following characteristics:

· It belongs to a group of 11 contiguous integers.

· Each two adjacent groups are separated by 21 contiguous integers.
Hence 
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 can be mapped to a contiguous range of integers (denoted by 
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) with the following equation,
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And UL resource allocation type 4 can be done by first mapping the input of (
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) to 
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 using an idea similar to UL resource allocation type 0, and then mapping 
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 to 
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 with equation (2). 
3.3 Valid ranges of 
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 in UL resource allocation type 4
The following Table 4 gives the number of RBG for each relevant system bandwidth.

Table 4: Number of possible starting RBGs at each 
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of each system bandwidth
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Table 5 gives the number of possible starting RBGs at each 
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of each relevant system bandwidth. 
Table 5: Number of possible starting resource block group at each 
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of each system bandwidth
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3.4 Calculation of 
[image: image94.wmf]'

RBGIV

 for 
[image: image95.wmf]UL

RB

N

 >15
For 
[image: image96.wmf]15

UL

RB

>

N

, 
[image: image97.wmf]CRBGs

L

=3,4,5,6,7,8.

To us the similar RBGIV' numbering as described in section 3.1,
· The first (2
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· The second (2
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· The third (2
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The following table gives the RBGIV' calculation for UL resource allocation type 4.

Table 6: RBGRIV' numbering and calculation for UL RA type 4, 
[image: image107.wmf]15

UL

RB

>

N


	
	#[image: image108.wmf]START

RB


	RBGIV'

	
[image: image109.wmf]CRBGs

L

=3
	
[image: image110.wmf]UL

RBG

N

-2
	0+
[image: image111.wmf]start

RBG



	
[image: image112.wmf]CRBGs

L

=8
	
[image: image113.wmf]UL

RBG

N

-7
	(2
[image: image114.wmf]UL

RBG

N

-9) -1-
[image: image115.wmf]start

RBG



	
[image: image116.wmf]CRBGs

L

=4
	
[image: image117.wmf]UL

RBG

N

-3
	(2
[image: image118.wmf]UL

RBG

N

-9)+ 
[image: image119.wmf]start

RBG



	
[image: image120.wmf]CRBGs

L

=7
	
[image: image121.wmf]UL

RBG

N

-6
	2*(2
[image: image122.wmf]UL

RBG

N

-9) -1-
[image: image123.wmf]start

RBG



	
[image: image124.wmf]CRBGs

L

=5
	
[image: image125.wmf]UL

RBG

N

-4
	2*(2
[image: image126.wmf]UL

RBG

N

-9)+ 
[image: image127.wmf]start

RBG



	
[image: image128.wmf]CRBGs

L

=6
	
[image: image129.wmf]UL

RBG

N

-5
	3*(2
[image: image130.wmf]UL

RBG

N

-9) -1-
[image: image131.wmf]start

RBG




Since the maximum 
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=8, the following RBGIV' formula is similarly derived for UL resource allocation type 4:
if  (LCRBGs-1)≤ (8/2)
RBGIV'= (2NRBG-9)(LCRBGs-3)+ RBGSTART
else

RBGIV'= (2NRBG-9) (8-LCRBGs +1) - RBGSTART -1
3.5 Calculation of 
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The following table gives the RBGIV' calculation for UL resource allocation type 4 for 
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Table 7: RBGIV' numbering and calculation for UL RA type 4, 
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	# RBGSTART
	RBGIV'
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For 
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, since the maximum 
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= 4, the following RBGIV' formula is similarly derived for UL resource allocation type 4:

if  (LCRBGs-1)≤ (4/2)
RBGIV'= (2NRBG-5)(LCRBGs-3)+ RBGSTART
else

RBGIV'= (2NRBG-5) (4-LCRBGs +1) - RBGSTART -1
3.6 Final RBGIV' formula for UL RA type 4

To summarize the formulae in section 3.3 and 3.4, the following formula is given for UL resource allocation type 4:
if  (LCRBGs-1)≤ (M/2)
RBGIV'= (2NRBG-K)(LCRBGs-3)+ RBGSTART
else

RBGIV'= (2NRBG-K) (M-LCRBGs +1) - RBGSTART -1
Where, for 
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4 Conclusion
In this contribution, UL resource allocation type 4 is proposed to be corrected with a very simple approach applicable for all relevant system bandwidths. The following proposal is provided:
Proposal: The following formulae are adopted for UL resource allocated type 4:
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where 
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 is defined as follows,

if  (LCRBGs-1)≤ (M/2)
RBGIV'= (2NRBG-K)(LCRBGs-3)+ RBGSTART
else

RBGIV'= (2NRBG-K) (M-LCRBGs +1) - RBGSTART -1
where for 
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