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1 Introduction

In RAN1#55bis, it was agreed that uplink non-contiguous resource allocation (RA) with single DFT within a component carrier will be supported in LTE-A. In this contribution, we investigate LTE-A non-contiguous RA on the issues of 1) RA efficiency in terms of resource indication value (RIV) bit length, and 2) enhancement of RA granularity.

2 RIV Bit Length Reduction 
We define ‘unit’ as a grouping of multiple resource blocks (RB) in the frequency domain; in the following discussion, the granularity of RA is 1 unit. In uplink Rel-8/9 LTE, a unit is equal to 1 RB; in downlink type 0 RA, a unit is equal to 1, 2, 3 and 4 RBs for bandwidths 1.4, 5, 10 and 20 MHz, respectively. A cluster is defined as a contiguous set of units in the frequency domain. See Figure 1 for illustration of unit and cluster. Here we consider ‘n choose k’ type RA proposed in [1] and [3].

[image: image1]
Figure 1: Illustration of unit and cluster.
Let the maximum number of clusters in a RA be 
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-cluster RAs. Each specific 
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-cluster RA can be assigned a unique integer in
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; an example of the mapping from a RA to an integer in the indicated interval is done by “Modified RA type 3” proposed in [1] and an enumerative source codec in [2]. The RIV carries the information including the number of clusters 
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in a RA and the locations of the 
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clusters in the band. A straightforward way for RIV encoding is using 
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bits for the number of clusters and cluster locations, respectively. However, as the number of RAs, equal to
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, varies significantly with
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, encoding the number of clusters and cluster locations separately is not efficient in terms of RIV bit length.  
A bit-length efficient RIV encoding is proposed as follows. Define 
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The RIV of an 
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-cluster RA, denoted as
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, is given as
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 is an invertible mapping from an 
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-cluster RA to an integer in
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, and an example of
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can be found in [2]. It is clear to see
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. Thus, we can use
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bits to encode a RA when the maximum number of clusters in RA is equal to
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. Given a RIV, a UE can reconstruct the corresponding RA  by firstly determining the number of clusters using the fact that the number of clusters is 
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. Then, the UE recover the RA
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Tables 1 and 2 show the bit lengths of RIV for 
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is equal to 2 and 3, respectively, where Method 1 encodes the number of clusters and cluster locations in separated bits, and Method 2 encodes them together using 
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. It is seen that, with Method 2, bits are saved for most values of
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Table 1: Bit length of RIV when
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Methods
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25

	Method 1
	7
	8
	8
	9
	10
	10
	11
	11
	12
	12
	13
	13
	13
	14
	14
	14
	15
	15
	15
	15

	Method 2
	6
	7
	8
	8
	9
	10
	10
	11
	11
	11
	12
	12
	12
	13
	13
	13
	14
	14
	14
	14


Table 2: Bit length of RIV when
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	Method 1
	8
	9
	9
	10
	11
	12
	13
	14
	15
	15
	16
	17
	17
	18
	18
	19
	19
	20
	20
	20

	Method 2
	6
	7
	8
	9
	10
	11
	12
	12
	13
	14
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3 RA Granularity Refinement
3.1 Scheme 1
RA granularity is determined by the number of RBs in a unit, denoted as
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, e.g. 
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in Figure 1. Let 
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denote the number of RBs for PUSCH transmission. Then we have
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. To increase RA granularity, the value of
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, in stead of being fixed, can be adjusted according to the number of clusters
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. Since the total number of 
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-cluster RAs is
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, we can increase RA granularity by having a smaller
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for a small 
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. In so doing, the total number of RAs is not increased too much, and the bit length of RIV does not increase due to RA granularity refinement most of the time. 
The RIV encoding for RA granularity enhancement is described as below. Define  
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where
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, and
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 is the number of RBs in a unit when the number of clusters is
[image: image49.wmf]n

. The RIV of a RA is given as
[image: image50.wmf]RIV()()

nn

Bg

aa

=+

 with
[image: image51.wmf]()

n

g

×

an invertible mapping from an
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. Reconstruction of  from RIV is the same as the procedure described in the previous section by changing
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Table 3 shows the RIV bit lengths for
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(without granularity enhancement) and
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(with granularity enhancement) when
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. In both cases, RIV bit length reduction scheme proposed in Section 2 is employed. It is seen that, for most
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, increasing RA granularity using the proposed scheme does not increase the bit length of RIV.   
Table 3: Bit length of RIV with/without granularity enhancement scheme 1 when
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Method
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25

	N(1) = N(2)
	6
	7
	8
	8
	9
	10
	10
	11
	11
	11
	12
	12
	12
	13
	13
	13
	14
	14
	14
	14

	N(1) = 2N(2)
	7
	8
	9
	9
	10
	10
	10
	11
	11
	12
	12
	12
	13
	13
	13
	14
	14
	14
	14
	14


3.2 Scheme 2
We can also increase RA granularity by allowing clusters with fractional offset in the frequency domain. A fractional offset means that the offset is not an integer multiple of a unit. In order not to increase the number of RAs significantly, which increases RIV bit length, we propose that an offset cluster allowed for RA should consist of 
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 contiguous units (
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 is an integer greater than 1). See Figure 2 for illustration of the proposed scheme. In the figure, besides RA of 1 unit granularity, RA with 2 units (
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) granularity and offset to the right-hand-side by 0.5 unit is also allowed.
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Figure 2: Illustration of RA granularity enhancement scheme 2. 
The formula of RIV and the reconstruction operation of a RA from the corresponding RIV are similar to those of ‘RIV bit length reduction scheme’ and ‘RA granularity refinement scheme 1’.  

Table 4 compares the RIV bit lengths for whether RA granularity refinement scheme 2 is employed, where
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, and the offset is 0.5 unit (see Figure 2). In both cases, the RIV bit length reduction scheme is employed. It is seen, for most values of
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, RIV bit length is not increased. 
Table 4: Bit length of RIV with/without granularity enhancement scheme 2 when
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, and 0.5 unit offset.
	N

Method
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25

	Without Scheme 2 
	8
	8
	9
	10
	10
	11
	11
	11
	12
	12
	12
	13
	13
	13
	14
	14
	14
	14

	Scheme 2
	8
	9
	9
	10
	10
	11
	11
	11
	12
	12
	13
	13
	13
	13
	14
	14
	14
	14


4 Conclusion
In this contribution, RIV bit length reduction scheme and two RA granularity refinement schemes are proposed. Their characteristics are summarized:
· RIV bit length reduction scheme

a. The number of clusters in a RA is not indicated by bits specifically for this purpose;    
b. If the RIV falls in the interval
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, then the number of clusters in the RA is
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c. UE can reconstruct its RA from
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by means of a reconstruction algorithm.
· RA granularity refinement scheme 1

a. The number of RBs in a unit, denoted by
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, is chosen as a function of the number of clusters in RA; 
b. For a small
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, choose a smaller
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to increase RA granularity without increasing the number of RAs significantly.
· RA granularity refinement scheme 2

a. Increase RA granularity by allowing clusters with fractional offset in the frequency domain;
b. In order not to increase the number of RAs significantly, an offset cluster allowed for RA consists of 
[image: image79.wmf]Q

contiguous units, where
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 is an integer greater than 1.
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