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1 Introduction 
The issue of non-contiguous PUSCH resource allocation (RA) was discussed extensively at the RAN1#61 and various signaling options were proposed. The agreements for non-contiguous PUSCH RA are as follows:
· Agreements from RAN1 #61 in WF [1]
· For single Tx antenna 

· Select one from the following two options at RAN1#61bis 

· 2 clusters (with UL DCI format aligned with DCI format 0)

· Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)

· Size of each cluster is one of the following: 

· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs or N x 5RBs (N is an integer) 

· Above number of values may be further reduced

· All clusters within one PUSCH transmission have the same resource granularity

· For SU-MIMO

· FFS

· Additional agreements from RAN1# 61 [10] 
· Support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission

· DL/UL transmission mode can be configured independently

· Note that independent configuration of DL and UL transmission modes doesn’t necessarily imply all DL and UL modes are to be supported in arbitrary combination, and this would be left FFS.

· No additional blind decodings to support non-contiguous UL RA in single antenna transmission case 

· i.e. the size of the DCI format used to support non-contiguous UL RA is matched to the size of Format 0 or the semi-statically configured DCI Format size for the same UE

· Format size matching is done by padding one of the messages if necessary

· “No additional blind decodings to support non-contiguous UL RA” also applies to SU-MIMO case if SU-MIMO is supported with non-contiguous UL RA

· Re-use resource indexing scheme from Rel-8

· RA schemes type 0/1/2 or CQI RB indexing scheme with minimal modifications

Moreover, in RAN1#61bis, although further agreements were not reached, most participants supported the 2-cluster option. Therefore, we focus on the 2-cluster scenario in this contribution. Firstly, we list different types of signalling schemes, and then compare these schemes from the viewpoints of scheduling flexibility, signalling overhead and DCI format design. Finally, we give our preference.
2 Comparison of Different Signaling Schemes for Non-Contiguous RA
To support non-contiguous PUSCH RA, several signaling schemes were proposed in [2-4, 6-9]. All of these schemes make use of the concept of resource block groups (RBGs) used for the Rel-8 DL to limit the control signalling overhead with RBG sizes of 1/2/2/3/4/4 PRBs corresponding to 1.4/3/5/10/15/20MHz system bandwidths respectively. These schemes can be divided into three types, i.e., signalling schemes based on DL RA type 0/1, signalling schemes based on DL RA type 2 and signalling schemes based on the CQI RB sub-band signalling indexing of Rel-8. 
In the appendix, we review the signalling schemes based on DL RA type 0/1 and type 2, respectively. Comparing these two types of schemes, it is clear that the schemes based on DL RA types 0/1 have the highest scheduling flexibility, but they have the highest signalling overhead. Furthermore, the schemes based on DL RA type 2 have lower signalling overhead compared with the schemes based on DL RA type 0/1, whereas their scheduling flexibility are limited because the cluster span does not cover the whole RBG range. 
In the following, we focus on analyzing the signalling schemes based on the CQI RB indexing of Rel-8.
2.1 Initial signalling scheme based on CQI RB signalling indexing of Rel-8
The method of indicating 
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 selected subbands out of 
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 subbands in Rel-8 can be reused to indicate the allocated clusters for each UE as shown in Fig.1. The resource block assignment field size is
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Figure 1.  Initial CQI RB signaling indexing for 2-cluster systems
For convenience, this scheme is denoted as 
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. However, there is a constraint for this method that every cluster is composed of at least two RBGs which is not desired in some special cases. Therefore, some modified schemes are proposed to remove this constraint [2, 3], and these are discussed below. 
2.2 Modified signalling scheme based on CQI RB signalling indexing of Rel-8
In [2], one virtual RBG is added for each cluster in order to indicate that its “Start” and “End” overlap as shown in Fig.2, thus allowing clusters consisting of a single RBG. For convenience, this scheme is denoted as 
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Figure 2.  Modified CQI RB signaling indexing for 2-cluster systems with one virtual RBG for each cluster
In [3], a slight modification is proposed to further reduce the overhead by eliminating some contiguous allocations and use the corresponding values to indicate the 1RBG case. For non-contiguous resource allocation, any RBG assignment state like that shown in Fig.3(a) is pointless as it can be signalled as a contiguous allocation. This characteristic can be exploited to indicate a cluster containing only one RBG by signaling the end position of that cluster with the RBG position immediately preceding the starting RBG position of the next cluster except for the last one. Therefore, no matter how many clusters there are, only one virtual RBG is needed to indicate the last cluster containing only one RBG. For convenience, this scheme is denoted as 
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Figure 3.  Modified CQI RB signaling indexing for 2-cluster systems with only one virtual RBG
Comparing equations (1), (2) and (3) with (A-1), (A-2) and (A-3), we observe that the schemes based on CQI RB signalling indexing of Rel-8 have lower signalling overhead compared with the schemes based on DL RA type 0/1 and 2. Furthermore, comparing (1), (2) and (3), we can find that the scheme of 
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 has lower resource block assignment field size with higher flexibility compared with the schemes of 
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Therefore, the scheme of 
[image: image15.wmf]2

Type

Mod

CQIRB

-

-

 is our preference for the non-contiguous RA signaling of 2-cluster systems.
2.3 DCI format design of RA signalling 
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 for 2-cluster systems
According to the WF [1], if a maximum of 2 clusters is supported, the UL DCI format is aligned with DCI format 0. In this case, a one-bit flag is necessary to distinguish DCI format 0 and non-contiguous RA if there is no zero padding bit which can be diverted into the flag bit. The maximum number of zero padding bits corresponds to 5 bits [5].  If no padding bits are available, the size of DCI format 0 would be extended by 1 bit for a Rel-10 UE compared to the size for a Rel-8 UE.
3 Conclusions

As discussed in RAN1#61bis, 2-cluster transmission for the non-contiguous PUSCH resource allocation in Rel-10 seems the most acceptable way forward. 
Comparing the different possible signalling schemes for 2-cluster non-contiguous RA, we observe that the schemes based on the Rel-8 CQI sub-band signalling offer the best compromise between overhead and flexibility. 

We therefore propose that such a scheme should be adopted, with small modifications to allow clusters of 1 RBG to be signalled.

The resulting number of bits required is equal to 
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Appendix

A.1 Signalling based on DL RA type 0/1
As shown in Fig.A1, the signaling scheme based on DL RA type 0 uses a bitmap to indicate the allocated RBGs [6]. The resource block assignment field size is
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where 
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 is the number of RBs for uplink transmission, 
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 is the granularity of RBG. 
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Figure A1.  Signaling scheme based on DL RA type 0

For the signaling schemes based on DL RA type 1, the bitmap used is slightly smaller than for type 0, since some bits are used to indicate the subset of the RBG which is addressed, and a shift in the position of the bitmap. The resource block assignment field size is the same as for Type 0.

Evidently, this type of signaling schemes allows full scheduling flexibility of non-contiguous resource allocation with RBG granularity. Except for the RBG granularity, it has no additional limitation on the number or the location or the size of clusters. 
A.2 Signalling based on DL RA type 2
This type of signaling schemes permits non-contiguous transmission where each cluster is restricted within a certain cluster spans. The scenario with 2-cluster limitation is shown in Fig. A2 [7]. In this case, the resource block assignment field size is


[image: image22.wmf](

)

(

)

22

2log1

CSCS

TypeRBGRBG

NNN

éù

=´×+

êú

êú

                            (A-2)

where 
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Figure A2.  Signaling scheme based on DL RA type 2 with 2-cluster limitation

This type of signaling scheme can also be extended to scenarios with more than 2 clusters [8, 9]. In [8], signaling scheme for three clusters is proposed, where three contiguous RA corresponding to three different cluster spans with different granularity for each cluster span. In [9], the number of clusters is extended up to 3 and 4 with the same granularity for all clusters. The resource block assignment field size is
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where 
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 is the number of clusters. This scheme has smaller resource block assignment field size than the scheme in [8] since it has the larger RBG granularity.
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