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1
Introduction
In this contribution, a comparison of non-contiguous UL RA signalling schemes is presented in terms of their optimality, required bit length, granularity and other aspects to be considered.
2
Non-contiguous uplink resource allocation schemes
There are several RA schemes proposed for non-contiguous uplink transmission in [1]-[7]. They are all RBG(Resource Block Group) based but the definition and the size of RBG may be defined differently for each scheme. Some RA schemes may be closely related to the existing Rel-8 DCI formats.
2.1 RA scheme 1
RA scheme 1 adopts a bitmapping as in the Rel. type 0 RA.[1] It can provide non-contiguous allocation method with full freedom and needs n bits for RA field configuration when the total number of RBGs is n.
2.2 RA scheme 2
2.2.1 RA scheme 2-1
RA scheme 2-1 adopts Rel-8 type 2 RA scheme and has a limitation that only two clusters with a limited range can be allocated as shown in Figure 1. The range of allocation for each cluster is with 
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. This RA scheme is targeted for the modification of DCI format 0/1A. To modify it, FH(Frequency Hopping) bit in DCI format 0 is replaced with a part of resource allocation field and one zero padding bit is used for the differentiation of one/two cluster allocation.
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Figure 1: Example of RA scheme 2[2]
2.2.2 RA scheme 2-2
In [3], RA scheme for three clusters is proposed by adopting a similar approach to RA scheme 2-1 as shown in Figure 3. There exists three contiguous RA corresponding to three different cluster spans. The granularity (RBG size) may be different for each contiguous RA. While RA scheme 2-2 needs more bits than the RA scheme with two clusters, the performance improvement is expected due to its finer granularity and the increased cluster number. 
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Figure 3: Example of RA scheme 3 [3]
2.2.3 RA scheme 2-3
The other scheme similar to RA scheme 2-2 is proposed in [4]. The scheme has the larger RBG size than RA scheme 2-2 and the number of clusters can be extended up to four with the same granularity for all clusters. It could be a straight forward extension of RA scheme 2-1 for more than two clusters. It may have the smaller bit length for RIV than RA scheme 2-2 as can be calculated by (1).
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where K is the number of clusters and 
[image: image6.wmf]K

N

is total bit length of RIV.
2.3 RA scheme 3
The RA scheme based on the enumerative source coding is proposed in [5]. The scheme is adopting Rel-8 CQI signalling mechanism as shown in (2).
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where 
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 could be indexes of starting and ending in ascending order. 
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(i=0,1,…,2K-1) should follow the unequal condition of 
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2.4 RA scheme 4
In [6], the RA scheme with full freedom for a specific number of clusters is proposed. It is based on the several offsets indicating the region of clusters or the gap between clusters as shown in Figure 4. There exist four parameters M0,…,M3 for two clusters and RIV can be expressed as (3) and (4).
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Figure 4: Example of RA scheme 4 [6]
2.5 RA scheme 5
In [7], the RA scheme based on Rel-8 RA is proposed. It consists of two contiguous resource allocation of the Rel. 8 type 2 with RBG based allocation. The first RA indicates the overall range of RBGs by the parameters of offset y and length x. The second RA indicates the internal RBGs which will not be included in the inside of the first RA area by the parameters of offset w and length z. The internal area indicated by the second RA is limited within the area indicated by the first RA and one RBG in both of the boundary should be excluded in the range of the second RA.
The scheme for two clusters can be shown in Figure 5 and RIV can be derived from (5) to (8).
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(8)
It can be easily extended to larger clusters by combining a single contiguous RA and non-contiguous RA with k-1 clusters to configure RA with k clusters. 
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 for k clusters can be derived by constructing and adding a formula corresponding to the additional offset and length to 
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Figure 5: The RA scheme for two clusters in [7]

3
Comparison of UL RA schemes
The discussion about non-continuous UL RA can be summarized as below.
· Full freedom of RA or optimality
For a given number of RBGs(n) and clusters(K), the number of all possible RA cases is known as 
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, it can be considered as having full freedom or optimality.
In terms of optimality, RA scheme 1, 4 and 5 have full freedom while RA scheme 2-1, 2-2, 2-3 and 3 can not achieve it. There are some RA cases which can be allocated by RA scheme 2-1, 2-2 and 2-3 because the cluster span 
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The RA scheme 3 can not support the case of cluster with single RBG. This is due to the fact that single cluster indexing needs the case of 
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 and it violates the condition
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 in the enumerative source coding.
· Granularity

The minimum size of allocated cluster can be defined as a granularity of RA scheme. Usually, the RBG size defined for each RA scheme can be considered as granularity. For RA scheme 3, the definition of granularity may be different from others because the minimum size of cluster is two RBGs. For RA scheme 2-1 and 2-3, the granularity is coarser than the other RA scheme 1, 3, 4 and 5 due to its larger RBG size. For RA scheme 2-2, the granularity is finer than the other RA schemes.
· Required bit length for signalling
The required bit length of RA signalling for the optimum RA can be given by 
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. RA scheme 1, 2-1, 2-2 and 2-3 require larger bit length of signalling than RA scheme 4 and 5. The required bit length for RA scheme 1 is largest than the other schemes. RA scheme 3 needs bit length not more than RA scheme 4 and 5. It means that RA scheme 3 has certain gain in the required bit length for some BW configuration.
· Extension to more than two clusters

All RA schemes can be extended to more than two clusters. RA scheme 2-2 and 2-3 can be considered as the extension of RA scheme 2-1 to more than two clusters.
· DCI format design aspects
RA scheme 2-1, 3, 4 and 5 are closely related with DCI format 0. By reusing padding bit and FH bit, they can be encapsulated in DCI format 0 when the number of clusters is limited by two. For RA scheme 2-1, the parameters for BWs of 1.4MHz, 3MHz and 15MHz are not defined in [2].
RA scheme 1, 2-2 and 2-3 needs more bits than the RA field size in DCI format 0 and may require the design of new DCI format size for the single antenna transmission. The increase of DCI format size may cause an increase of blind decoding.
In order not to increase blind decoding, the other approach of matching DL grant size may require much of standardization efforts.
· Configuration based on Rel-8
RA scheme 1 is Rel-8 type 0 itself. RA scheme 2-1, 2-2, 2-3 and 5 are based on Rel-8 type 2. RA scheme 3 is based on Rel-8 CQI signalling mechanism. RA scheme 4 can not be considered as based on Rel-8 type 0/1/2.
· Encoding/decoding complexity
The encoding/decoding complexity of RA scheme 1 is the same as Rel-8 type 0. For RA scheme 2-1, 2-2 and 2-3, the complexity is K times of Rel-8 type 2. For RA scheme 3, it is the same as CQI reporting. For RA scheme 5, the complexity could be reduced dramatically by saving some parameters instead of direct calculation. For RA scheme 4, it may need some more detailed analysis of complexity.
Basically, it can be considered that encoding/decoding complexity for all RA schemes may not cause severe burden to an eNB or a UE and, if it does, it may cause minor increase of complexity on Rel-8 implementation.
· Conversion to the expression of start & end
There might be certain level of ambiguity in converting RA scheme 2-2 to the expression of start & end. The conversion in the other RA schemes is expected to be done easily.
The above discussions can be summarized in Table 1.
Table 1. Comparison of RA schemes (○: better, Δ: good, X : bad)

	
	RA scheme

1
	RA scheme

2-1
	RA scheme

2-2
	RA scheme

2-3
	RA scheme

3
	RA scheme
4
	RA scheme
5

	Full freedom of RA or optimality
	○
	X
	X
	X
	X
	○
	○

	Granularity
	○
	X
	X
	○
	X
	○
	○

	Required bit length for signalling
	X
	○
	X
	X
	○
	○
	○

	Extension to more than two clusters
	○
	○
	○
	○
	○

	DCI format design aspects
	X
	Δ
	X
	X
	○
	○
	○

	Configuration based on Rel-8
	○
	○
	○
	○
	○
	X
	○

	Encoding/decoding complexity
	○
	○
	○
	○
	○
	○
	○

	Conversion to the expression of start & end
	○
	○
	Δ
	○
	○
	○
	○


4
Conclusion

From the above discussions, we could conclude as below.

1) The RA scheme 5 is recommended as the non-contiguous UL RA scheme for a new DCI format.

2) For the minimization of the impact on the backward compatibility, the RA scheme 5 with two clusters is recommended for single antenna transmission.
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