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1. Introduction

It was agreed that non-contiguous resource allocation is supported in LTE-A which means that resource allocation other than type 2 in LTE should be applied [1]. It is straightforward to adopt allocation type 0 or 1 as what we have in LTE downlink [2]. Meanwhile, there is a contribution showing that the diversity gain from non-contiguous resource allocation saturates for more than two clusters, i.e. more than two segments of contiguous allocations for the same UE [3]. 
In this contribution, we share our view on this topic and propose another new proposal to allocate resource discontinuously. The proposed method seems to provide better trade-off between overhead and performance and can be considered for further evaluation. 

2. Discussion 

In this contribution, we focus on the case maximum two or three-cluster is supported. Almost all the results show that the gain from maximum three clusters to four clusters is very limited. At least we can preclude more than three clusters to achieve better trade-off between overhead and performance. Please note that if we decide there will be no blind decoding attempts increase for non-contiguous resource allocation, overhead will determine which format will be aligned with the non-contiguous format. It is not desired to match the size to larger size format ex. format1 or format 2 since if that is the case there will be dependency between the configured downlink transmission mode and feasibility of non-contiguous UL resource allocation. Format 0/1A should be the most suitable format to align since it’s available for all the case. Therefore, size of format 0/1A should be the main design target unless such constraint is not possible to support enough scheduling flexibility.
Proposal 1: No increase of blind decoding will be introduced for all cases when supporting UL non-contiguous resource allocation, i.e. try to align the non-contiguous format with DCI format 0/1A.
Please note that it’s not decided yet whether support of non-contiguous resource allocation is mandatorily supported or configurable. If a specific transmission mode/configuration is defined for non-contiguous resource allocation, we can consider padding some bits to DCI format 0/1A to a new size to allow some extra room, especially when 3-cluster is decided to be supported and original size DCI format 0/1A is foreseen to be too small. If non-contiguous resource allocation is mandatorily supported, we should be very careful about padding extra payload since it will be always there. Of course to provide commonality between Rel-10 UE and earlier release UEs, such extra padding should only be introduced for PDCCH in UE-specific search space. The size of DCI format 0/1A should be kept untouched as what we do in CIF introduction.
Proposal 2: If size of DCI format 0/1A is too restrictive, padding some bits to DCI format 0/1A in UE specific search space can be considered.
In the following, we try to give an overview for the possible scheme under 2-cluster and 3-cluster limitation.
Method 1[2]:

In LTE, there’s already discontinuous resource allocation type 0. RBs can be grouped into RBGs and a bitmap can be used to indicate RBG numbers of the allocation. This method allows full scheduling flexibility of non-contiguous resource allocation with RBG granularity.
Method 2[3]:

As shown in Fig.1, two cluster spans are defined for indicating two non-contiguous clusters. For a UE, each cluster is indicated by a RIV value for contiguous allocation within each span. Set1/set2 refers to the possible position cannot be assigned by this method under some condition and the sets extend with UL bandwidth increase. Besides, since the RBG locations in the two spans are not aligned, RBGs from different span in the overlap region may block each other resulting in more not allocated RBs. This puts more restriction on scheduling.

[image: image1]
                                                                                       Fig. 1 [3]
Method 3:

In LTE, we have a method indicating M selective subbands out of N subbands. The same mechanism can be reused to allocate clusters for a UE. Throughout this contribution, we consider two clusters at most as an example given in Fig. 2 while extension to more clusters is possible.
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                                                                                         Fig. 2
As shown in the figure, indicating 4 locations to identify the start and end of each cluster can define most combinations of no more than two clusters. Here each location stands for a RBG. The only constraint introduced by this method is that every cluster is composed of at least two RBGs which seems not very desired. Therefore, some modification can be done to release this constraint.
We can separate all possible two-cluster combinations into four cases: (1) both clusters contain at least two RBGs, (2) the first cluster contains one RBG and the second cluster contains at least two RBGs, (3) the second cluster contains one RBG and the first cluster contains at least two RBGs, (4) both clusters contain one RBG. Each case can be shifted by a value and can be seen as virtually extending N locations to N+2 locations with two additional dummy locations to indicate whether there’s any one RBG cluster, as shown in Fig. 3.  With such modification, the method can stand for any possible two clusters allocation and also reserve the decoding property of choosing M from N. The total number of bits required to signal two clusters among N RBGs is 
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                                                                                Fig. 3
Method 4[4]:
It was proposed to further reduce the overhead of method 3 by eliminating some contiguous allocations and use corresponding value to indicate the 1 RBG case. As shown in below Fig.4, for the contiguous state, i.e. the first “end” and the second “start” are adjacent, UE interpret that that first cluster contain only one RBG ((b) and (d) in the figure).
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Method 5[5]:
It was propose to use several contiguous RA fields, i.e. 2-3, to indicate the location of each cluster, so that any combination of clusters can be represented. The overhead of RA field will be 2-3 times comparing with that of format 0.
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                                                       Fig.5 [5]

Comparing the existing candidates, Method 3/4 provides similar compactness as the proposed Method 2 as the cluster number is limited. Almost the same scheduling performance can be observed and overhead reduction can be made comparing with Method 1. Also, the bit length of RA with this method can be matched to that of DCI format 0, while RA of method 1 can be matched to DCI format 1 which is not a mandatory DCI format and extra blind decoding for Method 1 is possible. Moreover, this method provides more scheduling flexibility and 1 additional bit save can be observed, as shown in Table 1 and 2(PUCCH region is not scheduled for method 2 and 3). 
No more than two clusters: 

	
	5MHz(RBG=2, 5RB PUCCH)
	10MHz(RBG=3, 10 RB PUCCH)
	20MHz(RBG=4, 20 RB PUCCH)

	Method 1
	12
	16
	25

	Method 2
	10
	12
	14

	Method 3
	9
	11
	13

	Method 4
	9
	11
	13

	Method 5
	18
	22
	26

	DCI format 0
	9
	11
	13


                                                                                     Table 1

No more than three clusters: 

	
	5MHz(RBG=2, 5RB PUCCH)
	10MHz(RBG=3, 10 RB PUCCH)
	20MHz(RBG=4, 20 RB PUCCH)

	Method 1
	12
	16
	25

	Method 2
	-
	-
	-

	Method 3
	11
	13
	17

	Method 4
	-
	-
	-

	Method 5
	27
	33
	39

	DCI format 0
	9
	11
	13


                                                                                     Table 2
Observation: for no more than two clusters, the size of non-contiguous DCI format can be aligned to that of format 0. For no more than three clusters, it is not possible to fit it the original size of format 0, at least 2-4 bits overhead will be introduced. (1-3 bits considering one bit hopping flag can be reused) 
Considering complexity introduced, there is no increase for Method 1 since a thorough LTE functionality is reused. For the rest of three schemes, marginal increase is expected because the mechanism already exits in LTE while additional interpretation is required. The comparison can be summarized in Table 3.
	
	Scheduling Flexibility
	Overhead
	Complexity increase
	Support of Contiguous RA
	Decoding Attempt

	Method 1
	Full
	High
	No
	Yes
	Maybe more than LTE

	Method 2
	Limited to 2 clusters with additional restriction
	Low
	Marginal
	Yes**
	Same as LTE

	Method 3
	Full
	Lowest
	Marginal
	Yes
	Same as LTE

	Method 4
	Limited to 2 clusters*
	Lowest
	Marginal
	Yes**
	Same as LTE

	Method 5
	Full
	Highest
	Marginal
	Yes
	Maybe more than LTE


Table 3         *can be extended to more clusters with extra overhead

    Considering whether to further reduce the contiguous allocation states, currently it is not clear whether we should have two non-MIMO UL formats, one for contiguous resource allocations and the other for non-contiguous ones. If that is the case, even though the format length is the same, some RNTIs or code points should be utilized for UE to distinguish the two formats, which will affect the PDCCH properties we have in LTE. Therefore, it seems a safer design at current stage to have a joint mapping method for both contiguous and no-contiguous resource allocations, and continue studying whether it is necessary to have two formats at the same time.
3. Conclusion

This contribution addresses some concerns on the no-contiguous resource allocation in LTE-A UL. The following is proposed:

Proposal 1: No increase of blind decoding will be introduced for all cases when supporting UL non-contiguous resource allocation, i.e. try to align the non-contiguous format with DCI format 0/1A.
Proposal 2: If size of DCI format 0/1A is too restrictive, padding some bits to DCI format 0/1A in UE specific search space can be considered.
· At least for 3 clusters case, padding some bits to DCI format 0/1A in UE specific search space is needed.

Proposal 3: Method 3 (N choose M) is feasible for 2/3 clusters resource allocation and shows good balance between scheduling flexibility and overhead. We propose to adopt this method for UL non-contiguous RA in LTE-A.
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