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1 Introduction

This contribution provides an overview of Resource Allocation (RA) methods for clustered PUSCH transmission primarily in case of 2 clusters but also for “unlimited” clusters with DCI format aligned with DCI formats 1B/1D [1-8].

Frequency hopping (FH) is not used for non-contiguous PUSCH transmissions and all clusters within a PUSCH transmission have the same resource granularity which is a multiple of N RBs (minimum cluster size of N RBs) with N ranging from 1 to 5 and may be further reduced [9]. 
The RA methods using 2 clusters are based on minor/no modifications of RA methods that are already supported by the UE transmitter and the Node B receiver. This is not the case for RA type 0/1 where the encoding is not currently supported at the UE transmitter and the decoding is not currently supported at the Node B receiver.

2 Non-Contiguous RA Method with 2 Clusters

The primary reason for defining an RA method for 2 clusters is to match the DCI format size for non-contiguous RA to that of DCI format 0. Therefore, the RA methods under consideration need to require a number of bits equal to the number of bits of the RA IE in DCI format 0 plus the 1-bit of the FH IE that is now available for RA. Table 1 provides the total number of bits, 
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, available for non-contiguous UL RA for the Rel-8 operating BWs.
Table 1: Number of Bits Available for non-contiguous RA in DCI Format 0
	 System Bandwidth (MHz)
	 Number of Bits Available for RA - 
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	1.4
	6

	3.0
	8

	5
	10

	10
	12

	15
	13

	20
	14


For the smaller operating BWs, a bit-map RA-type combined with the use of Rel-8 RBGs can suffice. The RBG size (minimum cluster size) can be 1/2/2 RBs at 1.4/3/5 MHz, respectively (as in Rel-8). In some cases (1.4/5 MHz), a few edge RBs may not be addressed by the bit-map but this is not an issue considering the existence of PUCCH transmissions. Then, the DCI format for non-contiguous UL RA can be matched in size with DCI format 0 without restricting the number of clusters. However, a bit-map RA does not suffice for the 10/15/20 MHz BWs which are of the main interest. The remaining discussion focuses on the 10/15/20 MHz BWs (but all discussed non-contiguous RA methods are also applicable to the 1.4/3/5 MHz BWs).
2.1 Method 1

The RA mapping with Method 1 is depicted in Figure 1. Method 1 [1] re-uses RA type-2 similar to Rel-8 with the only exception that the unit is an RBG and not a RB and that 2 clusters instead of 1 cluster are supported. Therefore, the main advantage of this method is that it requires the smallest implementation complexity and testing. 
Figure 1 shows the addressing of the first and second clusters for 
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 bits address RBGs from the top BW part and the second 
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 RA bits address RBGs from the bottom BW part. 
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Figure 1: Addressing RBGs for 2 Clusters with Method 1 - 10 MHz.

Table 2 presents the RBG size and the addressable PRBs at 10/15/20 MHz with Method 1 (considering that fully contiguous RA is supported by the type-2 RA for SC-FDMA).
Table 1: RA IE for PUSCH Transmission over 2 Clusters

	System Bandwidth (MHz)
	Number of RBs
	 Number of RA Bits
	Non-Addressable RBs from each edge

	10 (RBG = 3)
	50
	12
	5

	15 (RBG = 4)
	75
	13
	5

	20 (RBG = 5)
	100
	14
	7


It is not necessary to address the edge RBs as they are already allocated to PUCCH (and possibly SPS) transmissions and non-contiguous PUSCH transmissions with the largest BW difference require the largest MPR and IMD restrictions. 

2.2 Method 2

The RA mapping with Method 2 reuses the Rel-8 best-M CQI feedback mapping (M sub-bands out of N sub-bands). With the sub-band size corresponding to the RBG size (minimum cluster size), the RA mapping is depicted in Figure 2. The constraint is that each cluster should contain at least 2 RBGs.
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Figure 2: Addressing RBGs for 2 Clusters with Method 2 – 2 RBG Minimum Allocation.
To avoid the above constraint, the cases that the first and/or second clusters contain 1 RBG can be explicitly identified, virtually extending N locations to N+2 locations [2]. Then, for 
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 RBGs, the number of bits is 
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Table 2: RA IE for PUSCH Transmission over 2 Clusters

	System Bandwidth (MHz)
	Number of RBGs
	 Number of RA Bits

	10 (RBG = 3)
	17
	12

	15 (RBG = 4)
	19
	13

	20 (RBG = 4)
	25
	14


The advantage of Method 2 over Method 1 is that all RBs are addressed with the RBG sizes defined in Rel-8
. The minimum cluster size of 5 RBs does not need to be supported and the Rel-8 RBG sizes (minimum cluster size) can be maintained without any change for the respective BWs. The disadvantage of Method 2 over Method 1 is that the latter offers somewhat simpler UE/eNodeB implementation and testing for the encoding/decoding of the RA method.
In a variant of Method 2, as contiguous allocations do not need to be supported (the conventional DCI format 0 and SC-FDMA transmission can be used instead), the corresponding values in the RA mapping can be used to indicate the 1 RBG cluster as illustrated in Figure 3 [3]. Then, for 
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 RBGs, the number of bits is 
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 and this further reduces the number of required RA bits by 1 making the combination of the bits of the RA IE and the FH IE in DCI format 0 always adequate for the mapping with non-contiguous RA (without any restrictions).


[image: image12.emf] 

“ Start ”   “ End ”  

“ Start ”   “ End ”  

(a) Contiguous clusters   (can  be supported by SC - FDMA)  

( b) O verlapping in the first cluster   (indicates  the RBG adjacent to the  start  of  next cluster as the end)  

(c)  Overlapping in the  last  cluster   (indicates  the virtual RBG as the  end)  

(d)  Overlapping in both clusters  

“ Start ”   “ End ”   “ End ”   “ Start ”  

“ End ”  

“ End ”  

“ End ”   “ End ”  

“ Start ”  

“ Start ”  

“ Start ”  

“ Start ”  


Figure 3: Addressing RBGs for 2 Clusters with Method 2 – 1 RBG Minimum Allocation – Contiguous RBG Allocations are Interpreted as Allocation of 1 RBG.
3 Conclusions

This contribution reviewed proposed mapping methods for non-contiguous UL RA with 2 clusters using available bits (from the RA IE and the FH IE) in DCI format 0. 

The candidate RA mappings are based on minor/no modifications of mappings already implemented in the UE transmitter and the Node B receiver and can provide RA mapping for 2 clusters with minimal/inconsequential restrictions or without any restrictions. 
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� At 20 MHz, one RBG (4 PRBs – e.g. at the edge of the BW) may not be addressed.
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