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1
Introduction
In this contribution, the new scheme for the non-contiguous UL RA (Resource Allocation) is introduced. The proposed scheme provides the full freedom of RA with two clusters and simple encoding/decoding implementation based on the Rel. 8 type 2 RA. The discussions in comparison to the other RA schemes are also provided.
2
Non-contiguous Resource Allocation Schemes
There are three non-contiguous RA schemes presented for LTE-A UL as shown in [1]~[3]. They are all RBG (Resource Block Group) based and linked with the corresponding DCI formats. The RBG sizes for 1.4/3/5/10/15/20 MHz bandwidth are 1/2/2/3/4/4 PRBs respectively.
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

RA scheme 2 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.

[image: image3]
Figure 1: Example of RA scheme 2[2]
2.3 RA scheme 3
In RA scheme 3, the resource allocation is indicated by several values of “Start” and “End”. For two clusters, we need four parameters indicating the starting or ending point for each cluster. RA scheme 3 can be easily extended to arbitrary number of clusters. For two clusters, it can be considered as the selection of four points from the n points. With this concept, the cluster with one RBG can not be included in the allocation. For two clusters, if the ending point of the first cluster is adjacent with the starting point of the second cluster, the allocation is not non-contiguous. To prevent this case, we can replace this case with the case of the first cluster with one RBG. For the second cluster with one RBG, we can assume the existence of the virtual RBG and include it in the combinations. Finally, we can have cases of 
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 for all possible allocations of two clusters.
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Figure 2: Example of RA scheme 3[3]
2.4 RA scheme 4
In [6], RA scheme for three clusters is proposed by adopting similar approach to RA scheme 2 as shown in Figure 3. There exists three contiguous RA corresponding to three different cluster spans. The granularity (RBG size) is different for each contiguous RA. While RA scheme 4 needs more bits for RA than the other 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 4 [6]
3 Proposed Resource Allocation Scheme
Figure 4 shows the proposed resource allocation scheme for two clusters. 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.
By counting and accumulating all cases of allocation, we can derive a formula of 
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 for two cluster allocation as (1)~(4) when the total number of RBGs is n.
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 denotes RIV(Resource Indication Value) for two clusters. 
[image: image14.wmf])

,

,

(

3

x

w

z

RIV

 has the same form of RIV as the Rel. 8 type 2 when the offset is w, the length is z and the total RBG number is x-2.
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Figure 4: Proposed RA scheme
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 can indicate all the cases of resource allocation with two clusters and has the values from 0 to 
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 is known as the number of all possible cases of resource allocation with two clusters as described in [3].
The encoding and decoding process of 
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 can be implemented by simple mathematical manipulations. 
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. It can be solved by storing the values of 
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The proposed RA scheme can be easily extended as shown Figure 5. We can combine 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: Extension of the proposed RA scheme
4 Discussions
The discussions about non-continuous RA can be summarized as below.

1) RA scheme 1 is closely related with DCI format 1. RA scheme 2, 3 and the proposed scheme are related with DCI format 0. When the payload size of new non-contiguous UL grant configured by RA schemes is similar to the corresponding DCI format, their adaptation to the conventional DCI format may eliminate the additional blind decoding. 
2) RA scheme 1 can provide full freedom of RA but its corresponding DCI format 1’s payload size is larger than the DCI format 0 for 10/15/20MHz and it may require more power to preserve the same error correcting ability as DCI format 0.[1] Considering the circumstance of carrier aggregation where 3 bits for the carrier indication may be added to the payload for cross-carrier scheduling, the FER performance difference from the conventional PUSCH grant is expected to be even larger. By increasing the number of CCEs, this problem can be solved to some extent but we need to investigate  the influence of this performance degradation for various system deployment scenarios.
To differentiate a non-contiguous PUSCH grant from the original DCI format 1 of PDSCH assignment, we may need an additional bit or other process related with CRC masking. The additional bit would also cause a bit  more of degradation of FER performance.
Table 1: Comparison of RA schemes with two clusters
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3) RA scheme 2, RA scheme 3 and the proposed RA scheme have the restriction of allocation with only two clusters. They have some loss in throughout when there is a small number of UEs in the cell when it is compared to RA scheme 1.[2][5] They can be implemented in the form of the original DCI format 0 without any additional bits as can be concluded from Table 1. For the RA scheme 3 and the proposed RA, the same usage of FH bit and the zero padding bits as RA scheme 2 is assumed.
From Table 1, full freedom of RA with two clusters can be implemented in the Rel. 8 DCI format 0 by RA scheme 3 and the proposed RA scheme. From this approach, the impact on the backward compatibility can be minimized.
4) RA scheme 2 has the limitation of resource allocation in comparison to RA scheme 3 and the proposed scheme. RA scheme 2 can not provide full freedom of resource allocation with two clusters because there might be an impossible cases indicating two clusters near starting point or ending point. The RBG sizes for 5/10/20MHz are 3/4/5 while the RBG sizes of the other schemes are 2/3/4 and it results in coarser allocation than the other schemes. The parameters of cluster spans for 1.4/3/15 MHz are not presented in [2].
5) RIV of RA scheme 3 is not presented in [3]. Without the approach of RIV, it may need the table indexing four parameters for two starting points and two ending points. The size of table for this case is 
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=299000 bits are needed. This may be some burden to the implementation for encoding/decoding of RA information.

6) RA scheme 4 has the restriction of RA. For example, three clusters within the left or right half region can not be indicated by it. From the same approach in RA scheme 3 and the proposed scheme, 
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 can be derived as all possible number of RA cases for three clusters. The bits needed for the RIV expression up to three clusters in RA scheme 3 and the proposed scheme are calculated as 
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 and compared with RA scheme 4 in Table 2 
[image: image33.wmf]2

)

1

(

2

1

+

=

+

n

n

C

n

 stands for the number of all possible cases in contiguous RA. From the table, RA scheme 4 needs more bits than the other schemes for 5/10 MHz bandwidth and equal bits for 20 MHz bandwidth with coarser granularity.
Table 2: Comparison of RA schemes with three clusters
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4
Conclusion
From the above discussions, we could conclude  as below.
1) The proposed scheme with limited clusters is recommended as non-contiguous UL RA scheme for  a new DCI format.
2) For the minimization of the impact on the backward compatibility, the proposed RA scheme with two clusters is recommended as non-contiguous UL RA scheme.
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