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1 Introduction
In RAN1#55bis, it was concluded that uplink non-contiguous resource assignment within a component carrier would be supported for LTE-A:

· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)

· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)

· FFS: At most one new DCI format for non-MIMO 
In this paper, we compare various signalling schemes for UL non-contiguous resource allocation from viewpoints of scheduling flexibility and signalling overhead. This contribution is resubmission of R1-100370.
2 Comparison of various UL non-contiguous resource allocation scheme 
2.1 UL non-contiguous resource allocation scheme
Alternative 1: Bitmap based allocation (e.g. ‎[7])
As shown in Figure 1, this scheme is based on a bitmap indicating the allocated RBGs. For example, if Rel8 DL scheme is assumed, the RBG size of 5MHz, 10MHz and 20MHz system bandwidth is 2, 3 and 4 RBs, respectively. The exact RBG size should be further studied considering the flexibility, overhead and alignment of existing resource usage for e.g. SRS bandwidth, frequency hopping.
Except for RBG granularity, it has no any limitation on the number of clusters or the location of clusters. In case of 20MHz (100RBs), the resource block assignment field size is 25 bits with the 4-RB granularity.
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Figure 1 Bitmap based allocation

Alternative 2: 2 cluster allocation (e.g. ‎[1])
2 RIVs which is used for Rel8 type-2 allocation indicate 2 contiguous RBs (i.e. 2 clusters). Two schemes with different flexibility and signalling overhead have been considered. 

Alternative 2-1A: 2 cluster allocation with RB granularity 

As shown in Figure 2, this scheme is based on 2 cluster spans indicating two non-contiguous clusters with RB granularity. For a UE, each cluster is indicated by a RIV value for the contiguous allocation within each span. This scheme is equivalent to two signalling of Rel-8 type-2 allocation.
The maximum number of clusters is restricted to 2. The allocation granularity of each cluster is 1RB, and it has no any limitation on the location of clusters.

In case of 20MHz (100RBs), the resource block assignment field size is 26 bits, which is double of the size of Rel-8 type-2 allocation.
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Figure 2 2 cluster allocation with RB granularity
Alternative 2-1B: 2 cluster allocation with RB granularity 

Although the allocation itself is identical to alternative 2-1A, another method is to use 2 DCI format 0 proposed in ‎[4]. This has the merit to reuse DCI format 0 but some error analysis would be required when only one DCI format 0 is detected.

Alternative 2-2: 2 cluster allocation with RBG granularity and restricted location

As shown in Figure 3, this scheme is based on 2 cluster spans indicating two non-contiguous clusters with RBG granularity and restricted location in order to fit it into DCI format 0. For a UE, each cluster is indicated by a RIV value for the contiguous allocation within each span. The exact RBG size should be further studied. According to the definition in ‎[1], in case of 20MHz (100RBs), the resource block assignment field size is 14 bits with the 5-RB granularity.
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Figure 3 2 cluster allocation with RBG granularity
Alternative 3: 3 cluster allocation  
As shown in Figure 4, this scheme is based on 3 cluster spans indicating three non-contiguous clusters with RBG granularity. For a UE, each cluster is indicated by a RIV value for the contiguous allocation within each span. 1st cluster can indicate all the system bandwidth with large granularity, and 2nd or 3rd cluster can indicate a part of the system bandwidth with smaller granularity. 

The non-contiguous allocation is restricted to 3 clusters at the maximum. Note that, the scheduler can not assign 3 clusters within the locations of 2nd cluster span or 3rd cluster span although the scheduler can assign 3 clusters to the whole system bandwidth. However, in case of the resource allocation of 3 or less clusters, further scheduling gain can be expected because the resource allocation granularity of this scheme is smaller than that of Rel-8 DL scheme. 

Table 1 shows an example of 3 cluster allocation. The minimum RBG size of 5MHz, 10MHz and 20MHz system bandwidth is 1, 2 and 2 RBs, respectively. In case of 20MHz (100RBs), the resource block assignment field size is 25 bits, which is the same as that of Rel-8 DL scheme described above (Alternative 1).
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Figure 4 3 cluster allocation scheme
Table 1 Design example of 3 cluster allocation scheme
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2.2 Comparison of the schemes
Scheduling flexibility
According to the system performance evaluation in ‎[9], at least 3 clusters should be possible in order to obtain the sufficient average sector throughput gain by non-contiguous resource allocation. Especially, 3 clusters are required in a few UEs per sector at 20MHz system bandwidth using Alternative 1 assignment.
Alternative 3 has the capability of the 3 clusters with a finer granularity, but it is not yet clear how much the granularity impacts the performance. On the other hand, in uplink, some RBG of non-contiguous allocation may overlap partly with the PUCCH or VoIP of 1RB granularity. As a result, unoccupied RBs smaller than RBG size are generated. Although DCI format 0 can be used to fill in the gap, many PDCCH are necessary and the number of assigned UEs per a sub-frame decreases. Alternative 3 has the benefit from this perspective.
Alternative 1 or Alternative 3 is required  to obtain the reasonable performance. 
Signalling overhead

This section compares signalling overhead among the allocation schemes discussed in the section 2.1
Table 2 is the summary of required number of bits for 5MHz, 10MHz and 20MHz system bandwidth.
From the table, we observed the followings; 
Alternative 2-2 requires the least number of bits among schemes. 
In case of 20MHz, the overhead of Alternative 3 is similar to that of Alternative 1 and Alternative 2-1. However, in case of 10MHz or less, the overhead of Alternative 3 and Alternative 2-1 becomes larger than that of Alternative 1.
Table 2 Overhead comparison of signalling schemes
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In addition, there are several options of structuring new DCI format for UL non-contiguous allocation ‎[1]-‎[7]. 
In our view, new DCI format should not be designed at the sacrifice of system performance. 
In ‎[1], new DCI format based on DCI format 0 is proposed. This design matches it with DCI format 0 by reducing the number of bits for UL resource allocation and support UL non-contiguous allocation without increasing the number of blind decoding. However, this design is undesirable since the sufficient performance gain of non-contiguous resource allocation couldn’t be obtained due to the restrictions of the maximum number of clusters. We prefer to introduce new DCI format distinct from DCI format 0. 
As mentioned in ‎[10], the number of blind decoding may be increased from 44 to 60. If the increase in false alarm is a big problem, the number of blind decoding can be reduced by fitting it into the DL DCI format 1/1B/1D/2/2A by using padding bits. Although the PDCCH overhead would be slightly increased by padding bit, the system performance gain by non-contiguous allocation is more important.
Note that non-contiguous allocation has a gain mainly when the number of UEs in a cell is small. Therefore, the overhead of PDCCH itself is not so big issue. In case of large number of UEs in a cell, it sacrifices the overhead of PDCCH but then contiguous allocation works well in such case.
3 Conclusions
In this paper, we compared various signalling schemes for UL non-contiguous resource allocation from viewpoints of scheduling flexibility and signalling overhead. Table 3 shows the summary of discussion. 
We propose Bitmap based allocation (alternative 1) or 3 cluster allocation (alternative 3) as the signalling schemes for UL non-contiguous resource allocation.  
Table 3 Comparison of signalling schemes
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Scheduling flexibility better worse worse best or better

Signaling overhead better
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better *

worse **

* when the system BW is 20MHz. 

** when the system BW is 10MHz or less. 
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