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1. Introduction

In the previous RAN1#61 meeting, it has been discussed on non-contiguous PUSCH resource allocation and the following conclusion was captured on RAN1#61 chairman’s note. 

Agreements

· 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

· Re-use resource indexing scheme from Rel-8
· RA schemes type 0/1/2 or CQI RB indexing scheme with minimal modifications
· 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
In this contribution, we discuss on DCI format for non-contiguous PUSCH resource allocation on LTE-A and provide further details on resource indexing schemes for non-contiguous transmission.
2. Discussion on non-contiguous PUSCH Resource Allocation
2.1. DCI format for non-contiguous PUSCH RA

It has been agreed to support dynamic switching between Rel.8 single cluster transmission and Rel.10 multi-cluster PUSCH transmission in the previous meeting. However, it is still FFS whether 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. 
In case that size of DCI format to support non-contiguous UL RA is different from that of DCI format on contiguous UL RA, the size of DCI format for non-contiguous UL RA should be matched to semi-statically configured DL transmission mode with larger size DCI format (e.g. format 1 or format 2) in order not to increase blind decodings from the perspective of UE. It seems not to be desirable since it is necessary to define arbitrary combination between semi-statically configured DL transmission mode and UL mode for supporting non-contiguous RA. Therefore, it should be avoided to use DCI format with different size for contiguous and non-contiguous RA.
In case of having UL DCI format aligned with DCI format 0 for signalling on non-contiguous RA, the number of cluster would be restricted to 2 clusters according to the agreement in the previous meeting. 
Proposal: It should be avoided to use DCI format with different size for contiguous and non-contiguous RA. Our preference is to support 2 clusters with UL DCI format aligned with DCI format 0.
2.2. Non-contiguous PUSCH RA scheme

There are two kinds of approaches as resource indexing for supporting non-contiguous PUSCH resource allocation under 2 clusters. 
· Alt-1. RIV type of resource indexing scheme [1]-[5] 
· Alt-2. CQI RB indexing based schemes [6]-[7] 
Both Alt-1 and Alt-2 are based on resource block group (RBG) concept defined in resource allocation type 0/1 on Rel-8. The Alt-1 has an advantage to maintain Rel-8 RA mapping with minimal modification and avoids introducing additional PUSCH RA indexing schemes in Rel-10. The Alt-2 also has a merit in aspect of simply reusing the existing Best-M CQI method in Rel-8 and also avoids additional PUSCH RA indexing schemes.
Proposal: RAN1 needs to make a decision whether RIV type of resource indexing method or CQI RB indexing based RA scheme would be adopted.
In the appendix, we provide our proposed resource indexing method as an exemplary for RIV type of resource indexing scheme and CQI RB indexing based scheme with a full resource allocation flexibility, and our proposals guarantee the optimal number of bits as compared in Table A on appendix B.
3. Conclusion
In this contribution, we discussed on DCI format for non-contiguous PUSCH resource allocation on LTE-A and provide further details on resource indexing schemes for non-contiguous transmission. Our views on non-contiguous resource allocation are summarized as following: 
· Proposal: It should be avoided to use DCI format with different size for contiguous and non-contiguous RA. Our preference is to support 2 clusters with UL DCI format aligned with DCI format 0.

· Proposal: RAN1 needs to make a decision whether RIV type of resource indexing method or CQI RB indexing based RA scheme would be adopted.
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Appendix A
A. Non-Contiguous PUSCH  Resource Allocation Scheme 
In this appendix, we provide PUSCH resource allocation scheme to support 2 clusters on the condition that DCI format 0 is used for non-contiguous resource allocation. Our proposed methods are based on resource block group (RBG) concept defined in resource allocation type 0/1 on Rel-8, similarly in [1]-[7]. 
A.1 Alternative 1: RIV type of resource allocation scheme with minimal modification
The proposed scheme can express all of cases on resource allocation under 2 clusters by indicating starting RBG index and length of each cluster as shown in figure 1, similarly to schemes proposed by [1]-[5]. This approach can be considered as a method which reuses RIV type of resource indexing scheme from Rel-8 with minimal modification. The 1st cluster can be expressed as only starting index of the cluster, and the 2nd cluster reuse the exactly same RIV equation of Rel-8. This scheme can guarantee the optimal bit overhead that means the size of RBG can be minimized under the given RA bits. The proposed scheme seems to be beneficial since the decoder existing on Rel-8 could be reused with minimal modification.
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Figure 1. Example for the proposed RA scheme Alt 1 (total number of RBGs = 10)

In order to explain this RIV type encoding methods, five notations are defined as follows:
· 
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· The 1st cluster is encoded just as the starting index of the 1st cluster when the ending index of the 1st cluster is
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· The 2nd cluster just reuse Rel-8 RIV encoding scheme with the total number of RBGs of 
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· It represents the total number of states to represent the 1st cluster when the ending index of the 1st cluster is
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· It denotes the total number of states to represent the 2nd cluster when the ending index of the 1st cluster is
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With the five notations, this approach can be simply represented by the following equation: 
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, where j is a running index of the end point of the 1st cluster.
A.2 Alternative 2: Best-M CQI method based RA scheme

The proposed scheme, similarly in [7], can fully support two clusters with DL RBG granularity defined in Rel-8 by simply reusing the existing Best-M CQI method in Rel-8 with minimal specification change to Rel-10. This scheme does not require the special manipulation to indicate allocation of single-RBG cluster introduced in [7] while the same minimal DCI overhead is kept. The proposed scheme can be alternatively applied by two approaches as below.
· Alt A-2-a: Indication of (Start, End+1) RBG index of cluster

In this approach, to allocate a RBG cluster from RBG index S to E, RBG index (S, E+1) are indicated as shown in Figure 1. For allocation of the last RBG, one virtual RBG index is needed to be defined while no special manipulation is required to indicate single-RBG cluster (e.g. first cluster in Figure 1).
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Figure 2. Example of Alt 2-a for the proposed RA scheme Alt 2 (total number of RBGs = 10)

· Alt A-2-b: Indication of (Start, End) RBG-border index of cluster 

This approach is based on RBG-border indexing (not RBG indexing). As shown in Figure 2, RBG-border index (SB, EB) of each cluster are indicated. In this case, neither definition of additional virtual RBG nor special manipulation for single-RBG cluster is required.
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Figure 3. Example of Alt 2-b for the proposed RA scheme Alt 2 (total number of RBGs = 10)

Appendix B
As shown in Table A. we compare total number of bit for non-contiguous resource allocation among proposals by each company in case of w/ considering PUCCH RB and w/o considering PUCCH RB. LGE’s two proposals show the best performance in terms of required number of bits (exactly same with ZTE’s proposal) under a given BW. In other words, our proposals for non-contiguous resource allocation can minimize the resource granularity of the cluster sizes. 
Table A. Comparison for the total number of RA bits for non-contiguous RA among proposals 
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LGE 20MHz 100 4 14 20MHz 100 4 13 13

Samsung 5 14 4 14

Motorola

(RA type 0)

4 25 4 25

ASUS 4 15 4 13

ZTE 4 14 4 13

Huawei 26 26

LGE 15MHz 75 4 13 15MHz 75 4 11 12

Samsung 4 14 4 12

Motorola

(RA type 0)

4 19 4 17

ASUS 4 13 4 12

ZTE 4 13 4 11

Huawei 24 24

LGE 10MHz 50 3 12 10MHz 50 3 11 11

Samsung 4 12 3 12
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Huawei 10 10
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