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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 in LTE-Advanced:
· 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 

To support uplink non-contiguous resource assignment, several resource allocation (RA) types/DCI formats were proposed in [1]-[3]. There are basically two different points of view. One is in favor of reusing resource allocation type 0 and/or 1 in LTE Rel-8 DL, which is based on a bitmap indicating the allocated RBGs, as described in [1], and allows full scheduling flexibility to non-contiguous resource allocation. The other perspective suggests a brand new allocation type, which restricts the number and/or the location and/or the size of scheduled clusters, as provided in [2]

 REF _Ref237317886 \r \h 
[3], for the purpose of overhead reduction.
In this contribution, we share our views on this topic. Some issues are analyzed and evaluated in section 2, such as different resource allocation types and the corresponding RB assignment filed sizes, DCI format payload size and blind detection of PDCCH, CM and the number of clusters. In section 3, a modified RA type based on [3] is presented for more overhead reduction.
2. Discussions
2.1. Resource block assignment field size
Three non-contiguous RA types/DCI formats were presented for LTE-A UL in [1]-[3]. All of them make use of the RBG concept in LTE Rel-8 DL to limit the control signaling overhead. And in accordance with LTE, RBG size P is 2/3/4/4 PRBs corresponding to 5/10/15/20 MHz operating bandwidth respectively. Different RA types require different control signaling overhead, which is measured by the resource block assignment field size. Except for RA filed, all other information fields in new DCI format are same as in DCI format 0 for non-MIMO case. 
RA Type 1
Type 1 uses a bitmap to indicate the allocated RBGs. Except for RBG granularity, it has no any additional limitation on the number or the location or the size of clusters.
The resource block assignment field size is 
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RA Type 2
As shown in Figure 1, non-contiguous PUSCH transmission is restricted over 2 clusters within one component carrier. Moreover, each cluster is restricted within one of two cluster spans, respectively. For a UE, each cluster is indicated by a resource indication value (RIV) using tree-based approach for contiguous allocation within each span. 
The resource block assignment field size is given by 
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 represents the bandwidth of the cluster span in terms of RBGs, and shall fulfil
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[image: image5]
Figure 1-Type 2 allocating 2 clusters by tree-based approach
RA Type 3
Comparing to type 2, type 3 limits the number of scheduled clusters but not the location of scheduled clusters. Each cluster is indicated by 2 locations, the start and end of it. As shown in Figure 2, resource allocation over 2 clusters need to indicate 4 locations to identify the start and end of each cluster. However, one virtual RBG is needed for each cluster to indicate that this cluster contains only one RBG, i.e. the start and end overlap.
The resource block assignment field size shall be 
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Figure 2- Type 3 allocating 2 clusters by combinatorial approach
Herein, the resource block assignment field sizes of RA type 1-3 are calculated and compared with that in R8 DCI format 0 in Table 1.
Table 1-RB assignment field size (bits)
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It should be noted that for type 2 and type 3, resource blocks in PUCCH region determined by 
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 can not be scheduled, namely type 2 and type 3 addresses only the PUSCH PRBs given by
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 while type 1 and RA by R8 DCI format 0 can address the whole uplink transmission bandwidth 
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where, the parameter pusch-HoppingOffset,
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, is provided by higher layers, ranging from 0 to 98 in LTE.
Therefore, resource block assignment field size varies with 
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 if type 2 and type 3 are intended to address UL PRBs given by
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, which results in some extra complexity. Though we can assume a fixed fraction of UL RRBs for 
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in [2][3], it narrows the scheduling range and is not inline with LTE agreement that 
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is configurable, and especially for the case of non PUSCH frequency hopping, the parameter 
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 is not used and PUSCH transmission can be scheduled in the PUCCH region determined by 
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However, if type 2/3 need to address the whole uplink transmission bandwidth
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 is FFS), either the resource block assignment field size or RBG size shall be increased (e.g. see type 3* in Table 1).  
2.2. DCI format payload size and blind detection of PDCCH
By addressing only the PUSCH PRBs (and using the FH bit to extend the resource block assignment field in type 2), the size of DCI formats for type 2 and type 3 RA can be matched to that of R8 DCI format 0 which implies R8 DCI format 0 can be re-used, hereby extra blind detection can be avoided. 
However, a flag bit has to be provided for contiguous/non-contiguous transmission differentiation. Hence, assuming FH bit is used to extend resource block assignment filed, in order to re-use R8 DCI format 0, there should be 1 more padding/spare bit in R8 DCI format 0 for type 2 RA and 2 more padding/spare bits for type3* RA while no extra bit required in DCI format 0 for type 3 RA, according to table 1.
In LTE, DCI formats 0, 1A, 3 and 3A shall have the same payload size. If the number of information bits in DCI format 0 is less than the payload size of DCI format 1A (including any padding bits appended to format 1A), zeros shall be appended to DCI format 0 until the payload size equals that of DCI format 1A, as shown in Table 2. Then the padding bit (if exits) in DCI format 0 can be used to indicate whether the transmission is over 1 or multiple clusters.
Note that if the uplink transmission bandwidth addressed by UL grants is larger than the downlink transmission bandwidth addressed by DL assignments (this scenario is still pending), there would be no padding bits appended to format 0. In that case, the payload size of new DCI format needs to be adjusted to guarantee it is distinct from DCI format 0, i.e no unused/spare bit in DCI format 0 to differentiate contiguous and non-contiguous RA, which may result in 16 more blind detections.
For carrier aggregation, the payload size of DCI format 0/1A seems to be determined by the maximum component carrier’s bandwidth from UE UL/DL component carrier set. If the maximum component carrier’s bandwidth from UE DL component carrier set is always not less than that from UE UL component carrier set, then at least one padding bit exits in DCI format 0. 

To sum up, whether R8 DCI format 0 can be re-used by non-contiguous type 2/3 RA depends on the size of uplink resource to be addressed and the number of padding/spare bit(s) in DCI format 0. 
2.3. CM vs. the number of clusters

From the CM perspective, UE will benefit from limiting the number of clusters in the following two aspects:

· low CM property;

· small CM variation;

Table 3 and  Table 4 provide an illustrative comparison of CM increase and standard deviation of CM for QPSK/16QAM/64QAM as a function of the number of clusters respectively. From the table, it is seen that when the number of clusters goes from 2 to 5, additional 0.4~0.6dB of the CM increase and additional 0.05~0.09dB of standard deviation of CM are incurred. 
Although it is said that non-contiguous resource allocation is applied when CM is not a significant concern, high and unstable CM value caused by no limit to the number of clusters is still harmful to the performance of uplink non-contiguous transmission. A lower and more stable CM value means a higher PA efficiency and larger coverage, and that is the very reason for choosing CL-DFT-S-OFDM rather than OFDM in LTE-A UL. So it is desirable to limit the number of clusters to keep the low CM property.
However, as stated in [1], it can be handed over to the scheduler to determine a trade-off between CM and the number of scheduled clusters and then full scheduling flexibility is reserved for non-power limited condition.
Table 2- payload size of DCI format 0/1A (bits)
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Table 3- CM increase with multi-cluster transmission (dB)
	Number of clusters
	2
	3
	4
	5

	QPSK
	0.77
	1.13
	1.31
	1.44

	16QAM
	0.51
	0.74
	0.87
	0.94

	64QAM
	0.45
	0.66
	0.78
	0.85


Table 4- std of CM with multi-cluster transmission (dB)

	Number of clusters
	1
	2
	3
	4
	5

	QPSK
	0.0027
	0.2081
	0.2528
	0.2931
	0.2951

	16QAM
	0.0033
	0.1341
	0.1747
	0.1947
	0.2010

	64QAM
	0.0036
	0.1217
	0.1522
	0.1756
	0.1777


3. Modified RA type 3
When it comes to limiting the number of clusters to 2, type 3 is preferred for its low overhead, moderate coding/decoding complexity and little scheduling limitation compared with type 2. In this section, slight modification to type 3 is presented for more overhead reduction. 
In non-contiguous resource allocation, a cluster is defined as a chunk of consecutive PRBs/RBGs and separate from any other clusters in the frequency domain. So any RBG assignment state like that shown in Figure 3(a) is undesirable and pointless for non-contiguous RA. However such kind of states can be used to indicate a certain cluster but not the last one containing only one RBG, as shown in Figure 3(b), i.e. such cluster containing only one RBG is indicated by signaling the end position of that cluster with the RBG position immediately preceding the starting RBG position of the next cluster. Then no matter how many clusters there are, only one virtual RBG is needed indicated by gray block as shown in Figure 3(c) to indicate a last cluster containing only one RBG.
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Figure 3- Modification to type 3 allocating 2 clusters by combinatorial approach
The resource block assignment field size turns to be 
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The RB assignment filed size based on type 3 and type 4 (modified type 3) is given in Table 5. It can be seen that the modification provides 1 additional bit saving for 5MHz and 20MHz when addressing the whole uplink transmission bandwidth 
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(i.e. Type 3* and Type 4*). Provided that only 1 padding/spare bit is available in R8 DCI format 0 besides FH bit, type 4* can still reuse DCI format 0 but type 3* cannot. 
Table 5-RB assignment field size (bits)
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4. Conclusion

In this contribution, some issues on uplink non-contiguous resource allocation are discussed and a modified RA type is presented. From the above analysis, we propose to take into account of signaling overhead reduction, avoidance of blind detection increase, scheduling flexibility and CM property together for non-contiguous UL RA. Though reusing R8 DCI format 0 for non-contiguous RA with the limitation of 2 clusters is considerable from the perspective of blind detection and CM property, it is also observed that R8 DCI format 0 can not be reused by non-contiguous RA type 2/3/4 in some cases due to no enough padding/spare bit(s) in DCI format 0 to supplement non-contiguous RA field or differentiation flag between non-contiguous and contiguous RA. If LTE-A are not expected to preclude those cases,  it is straightforward to consider LTE Rel-8 DL type 0 or 1 RA , which allows full scheduling flexibility, for LTE-A UL non-contiguous RA.
5. References
[1] R1-091949, Motorola, “DCI for uplink non-contiguous RB allocations”
[2] R1-092667, Samsung, “Control Signaling for Non-Contiguous UL Resource Allocations”
[3] R1-092730, ASUSTeK, “Non-contiguous uplink resource allocation for LTE-A”
Set 1





Set 2





PUCCH





PRB





Second Cluster Span





First Cluster Span





RBG








_1311141427.unknown

_1311429364.unknown

_1311429431.unknown

_1311430119.unknown

_1311430180.unknown

_1311431259.unknown

_1311432058.doc

[image: image1]

“Start”







“End”







“End”







“Start”







“End”







“Start”







“Start & End”







“Start & End”







“End”







“Start”







“Start & End”







“Start & End”







No overlapping







Overlapping in the first cluster 







Overlapping in the second cluster











Overlapping in both clusters
































_1311431309.unknown

_1311430126.unknown

_1311430028.unknown

_1311429414.unknown

_1311429386.unknown

_1311429402.unknown

_1311429374.unknown

_1311144375.unknown

_1311429319.unknown

_1311429353.unknown

_1311410294.unknown

_1311427667.doc

[image: image1]

“Start”







“End”







“End”







“Start”







“End”







“Start”







“Start”







“Start”







“End”







“Start”











“Start”







(a)



Contiguous clusters



(pointless state)







(b)



Overlapping in the first cluster



(indicating the RBG adjacent to the start of the next cluster as the end)







(c)



Overlapping in the last cluster



(indicating the virtual RBG as the end)







(d)



Overlapping in both clusters







“End”







“End”







“End”







“End”







“Start”












_1311164594.xls
LTE Release-8

		

		Format 0 (FDD)												Format 0 (TDD)

		BW		5MHz		10MHz		15MHz		20MHz				BW		5MHz		10MHz		15MHz		20MHz

		Flag for format0/format1A differentiation		1		1		1		1				Flag for format0/format1A differentiation		1		1		1		1

		Hopping flag		1		1		1		1				Hopping flag		1		1		1		1

		Resource allocation		9		11		12		13				Resource allocation		9		11		12		13

		MCS		5		5		5		5				MCS		5		5		5		5

		New data indicator		1		1		1		1				New data indicator		1		1		1		1

		TPC for PUSCH		2		2		2		2				TPC for PUSCH		2		2		2		2

		CS for DM RS		3		3		3		3				CS for DM RS		3		3		3		3

		CQI request		1		1		1		1				CQI request		1		1		1		1

		CRC		16		16		16		16				CRC		16		16		16		16

														UL index / DAI		2		2		2		2

		effective overhead		39		41		42		43				effective overhead		41		43		44		45

		zeros appended		x		x		x		x				zeros appended		x		x		x		x

		Total numbers		39+x		41+x		42+x		43+x				Total numbers		41+x		43+x		44+x		45+x

		Format 1A (FDD)												Format 1A (TDD)

		BW		5MHz		10MHz		15MHz		20MHz				BW		5MHz		10MHz		15MHz		20MHz

		Flag for format0/format1A differentiation		1		1		1		1				Flag for format0/format1A differentiation		1		1		1		1

		Localized/Distributed VRB
assignment flag		1		1		1		1				Localized/Distributed VRB
assignment flag		1		1		1		1

		Resource block assignment		9		11		12		13				Resource block assignment		9		11		12		13

		MCS		5		5		5		5				MCS		5		5		5		5

		HARQ number		3		3		3		3				HARQ number		4		4		4		4

		New data indicator		1		1		1		1				New data indicator		1		1		1		1

		Redundancy version		2		2		2		2				Redundancy version		2		2		2		2

		TPC for PUCCH		2		2		2		2				TPC for PUCCH		2		2		2		2

		CRC		16		16		16		16				CRC		16		16		16		16

														DAI		2		2		2		2

		effective overhead		40		42		43		44				effective overhead		43		45		46		47

		zeros appended (1)		1		0		0		1				zeros appended (1)		0		0		0		0

		zeros appended (2)		y		y		y		y				zeros appended (2)		y		y		y		y

		Total numbers		41+y		42+y		43+y		45+y				Total numbers		43+y		45+y		46+y		47+y






_1311410293.unknown

_1311144204.unknown

_1311144223.unknown

_1311144172.unknown

_1311093988.unknown

_1311094576.unknown

_1311096586.unknown

_1311141319.unknown

_1311096489.unknown

_1311094557.unknown

_1311082467.unknown

_1311082501.unknown

_1311086813.unknown

_1311082481.unknown

_1311082442.unknown

