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1. Introduction

In RAN1#60, non-contiguous uplink resource allocation for LTE-A were discussed.  The following working assumptions were agreed upon –

· Frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation 
In addition, it was to be determined whether the number of supported clusters needs to be limited, and whether an addition restriction on cluster size is needed.  This contribution examines non-contiguous resource allocation and discusses several methods for resource allocation signalling.
2. Uplink non-contiguous resource allocation
Non-contiguous resource allocation will be supported in Rel-10 to provide additional frequency selective scheduling gain and improves bandwidth utilization.  In RAN1#60, numerous contributions illustrating the performance gain versus the number of clusters were presented.  In [2-3], it was shown that performance gain is marginal when more than 2 clusters are used.  However, in [4-7], the opposite was shown, that is non-contiguous resource assignment is most beneficial when more than 2 clusters are used.  It is apparent from these results that there are benefits to supporting more than one cluster.  However, the benefit amount may be dependent on implementation techniques such as scheduling algorithm, resource allocation, and power control parameters, with different schemes yielding different results. 
In [8], a way forward on PUSCH resource allocation was presented.  It was proposed that switching between Rel-8 single cluster transmission and Rel-10 multi-cluster transmission can be done dynamically.  In addition, for single antenna transmission, no additional blind decoding should be needed.    

In [1], proposed DCI formats based on downlink resource allocation types 0 and 1 are presented.  This type of resource allocation allows for large number of clusters to be supported with the granularity of each cluster based on Rel-8 resource block group definition.  Reusing of Rel-8 mechanisms allows for an efficient and timely implementation based on parameters that were optimized for the downlink.  In [1], a comparison of DCI sizes is provided with the conclusion that the overhead of the new format is not significantly greater than that of DCI 0.  Table 1 provides the additional SNR required to support this new format.  From the table, it is seen that the increased SNR is small for large CCE aggregation level.  Note that the required SNR is the same or smaller than for DCI 0 for system bandwidth of 5 MHz or below due to the zero padding bits.
Table 1.  Additional SNR (in dB) required to support non-contiguous allocation.

	System Bandwidth
	Number of CCE used for PDCCH

	
	1
	2
	4
	8

	10
	0.29
	0.24
	0.22
	0.21

	15
	0.58
	0.48
	0.43
	0.41

	20
	1.24
	1.01
	0.91
	0.86


However, if only a maximum of 2 or 3 clusters should be supported, then DCI signalling can be further optimized to reduce the overhead.  One possible proposal is to reuse CQI Rel-8 signalling in case of best-M feedback.   In that case, the UE feeds back the subband indices through a combinatorial index r which is defined as
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where N is the total number of subbands, M is the number of feedback subbands, and si is the subband index.  This same approach can be used to signal the resource block allocation.  However, to support different cluster size, the scheme can be modified to include the starting RB index bi  and ci  the number of RBs in cluster i. We can therefore encode the starting RB indices for all clusters with the formula below –
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where Nrb is the total number of subbands, M  is the number of clusters, and si is the subband index. To encode the cluster size sequence, we can define 
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and encode di with the combinatorial formula.  
Alternately, we can use a starting RB index (si) and ending RB index (ei) to indicate a cluster. So for M clusters, we need to encode s1,e1,…,sM,eM.  If the cluster size is at least 2 RBs, then s1,e1,…,sM,eM are in a strictly ascending order and the combinatorial index mechanism can used.  Otherwise the ending RB index can be modified by adding one to it to ensure that the sequence is monotically increasing.  Using this approach, the number of bits required for signalling can be significantly reduced. An index offset can be also added to the combinatorial index so the number of clusters is conveyed in the computed combinatorial index. For instance, using resource allocation type 0 or 1, resource allocation map size of 17 and 25 bits are required for 10 and 20 MHz, respectively.  Using the combinatorial signalling approach with resource block group granularity of 2 RBs, then the number of bits required for 2 clusters are 14 and 18 for 10 and 20 MHz, respectively.  This translates to a SINR requirement that is only about 0.3 dB greater than that of DCI 0, ensuring nearly identical coverage for non-contiguous DCI assignment.  If the resource block group granularity is increased to 4 RBs for 20MHz, then additional 4 bits can be saved.  

Note that if the number of clusters is limited to 2, it would be possible to fit this new resource allocation scheme into DCI 0 if the size of the resource block group is chosen appropriately.  This would eliminates the need to introduce another new DCI format and also allow DCI 0 to be simultaneously supported.  This is shown in Table 2 where, for the proposed method, the resource block group size is defined according to Rel-8 Type 0 allocation.  
Table 2.  Number of required bits for signalling allocated PRB resource.

	System Bandwidth
	Resource Allocation Type

	
	0/1
	2
	Proposed

(2 clusters)

	1.4
	5
	6
	4

	3
	7
	8
	7

	5
	9
	13
	10

	10
	11
	17
	12

	15
	12
	19
	12

	20
	13
	25
	14


From the table, it is seen that significantly overhead saving can be had with M=2 and DCI 0 can be reused. Thus, with this signalling method, the number of blind decoding remains the same for single antenna transmission.   Several other signalling methods that can fit in DCI 0 have also been proposed in [9-11].
3. Conclusion
In this contribution, non-contiguous resource allocation was discussed.  It is recommended that Rel-8 resource allocation types 0 and 1 be supported for non-contiguous resource allocation if the number of supported clusters is not limited.  However, if only a maximum of 2 or 3 clusters should be supported, an alternative resource allocation signalling should be used to save overhead.  One possible proposal is to adopt Rel-8 subband CQI signalling mechanism for this purpose.  This allows the resource allocation to fit into existing Rel-8 DCI 0 format, thus maintaining the same number of blind decoding.
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