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1. Introduction
In RAN1#61, following concepts about non-contiguous UL resource allocation (RA) schemes are agreed. 
· Size of each cluster has a value from the following set: 

· N x 1RB, N x 2RBs, N x 3RBs, N x 4RBs, N x 5RBs

· N is integer number

· The above values may be further reduced – FFS 
· Re-use resource indexing scheme from Rel-8

· RA schemes type 0/1/2 or CQI RB indexing scheme with minimal modifications

However, the maximum number of clusters and DCI format for UL non-contiguous RA are still open. One from the following two options about the maximum number of clusters and UL DCI format for single Tx antenna is selected.
· Option1: 2 clusters (with UL DCI format aligned with DCI format 0)

· Option2: Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)
In terms of the performance gain by non-contiguous RA, we consider that option2 is better than option1 [1]. In this contribution, we discuss the features of method to distinguish formats and resource indexing scheme which are still open in RAN1. Finally, we select either of options about the maximum number of clusters and UL DCI format.
2. Method to distinguish between conventional DCI format and new UL DCI format
In this section, we discuss the method to distinguish between conventional DCI format and new UL DCI format.
Option1: 2 clusters (with UL DCI format aligned with DCI format 0)

If option1 is supported, new UL DCI format is aligned with DCI format0. In the case of UL BW≤DL BW, DCI format0 has padding bit(s) to align with format1A. We can see from table1 (a), DCI format0 has 2 padding bits. Hence, padding bits are used as the flag to distinguish between format0 and new UL format.

In the case of UL BW>DL BW, DCI format0 and 1A don’t always have zero padding bit(s). We can see from table1 (b), both of DCI format0 and 1A has no padding bit in the case of DL BW =20MHz and UL BW=15MHz. Only in the case of UL=20MHz and DL=15MHz, padding bit cannot be used as the flag to distinguish between format0/1A and new UL format. In the other cases of combination between DL and UL BW, format 1A or format 0 has padding bits. 

From above discussion, the impact is not significant since there is a restriction only in the case of UL=20MHz and DL=15MHz.

Table1 Number of bits for format0 and 1A
(a) DL BW=UL BW=10MHz                                 (b) DL BW=20MHz UL BW=15MHz
[image: image1.emf]Format0 Format1A Format0 Format1A

Number of RBs 50 Number of RBs 50 Number of RBs 100 Number of RBs 75

Flag for format0/1A 1 Flag for format0/1A 1 Flag for format0/1A 1 Flag for format0/1A 1

Hopping fｌag 1 RA header 1 Hopping fｌag 1 RA header 1

RBA 11 RBA 11 RBA 13 RBA 12

MCS 5 MCS 5 MCS 5 MCS 5

New data indicator 1 HARQ process number 3 New data indicator 1 HARQ process number 3

TPC command 2 New data indicator 1 TPC command 2 New data indicator 1

Cyclic shift  3 Redundancy bit 2 Cyclic shift  3 Redundancy bit 2

CQI request 1 TPC command 2 CQI request 1 TPC command 2

Padding bit 2 Padding bit 1 Padding bit 0 Padding bit 0

Total 27 Total 27 Total 27 Total 27


Option2: Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)
If option2 is supported, new UL DCI format is aligned with configured DL DCI formats. As DL DCI formats don’t have padding bit(s), it is difficult to distinguish configured DL DCI format and new UL DCI format by padding bit(s). Following methods were proposed.
Method1: Using additional one bit by RRC signalling [2]

Fig.1 shows using additional one bit. In this method, it is signalled whether additional one bit is required or not in order to distinguish DL DCI format and new UL format by RRC signalling.
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                            Fig.1 Using additional one bit by RRC signalling
Method2: Re-defining bit field by RRC signalling [3]

In this method, RRC signalling is introduced to re-define one bit field. In [3], RA header field is re-defined to indicate new UL format, as shown in fig.2.
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                            Fig.2 Re-defining bit field by RRC signalling
In these methods, both eNB and UE may not have the same understanding of the current RRC configuration at the UE during RRC modification period. Furthermore, we need to consider the error case of RRC signalling. If these problems are significant drawbacks, option1 can be considered.
3. Resource indexing scheme
In this section, we discuss the number of RA bits and standardization efforts for each resource indexing schemes.

RA scheme type0 [4]
RA scheme type0 has indication bit for each RBG. As the number of RA bits is independent of the number of clusters, RA scheme type0 is suitable for unlimited clusters. The number of RA bits is 
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 represents the number of RBs for UL and P represents RBG size.
RA scheme type1 [4]
RA scheme type1 can be used for unlimited clusters. As RBG subset which has non-contiguous RBs is assigned, RA with 1 RB granularity can be used. The number of RA bits is same as RA scheme type0.
RA scheme type2 [5]
RA scheme type2 is used for contiguous RA in Rel-8 LTE. However, the original RA scheme type2 needs to be modified in order to re-use for non-contiguous RA. In [5], limiting the span for each cluster is proposed to be aligned with DCI format 0. If 2 clusters are supported, the number of RA bits is 
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 represents the span for each clusters.
CQI RB indexing scheme [6,7,8]
In Rel-8 LTE, best-M type CQI RB indexing scheme is adopted. In [6] and [7], the reporting start and end RBG index for 1st and 2nd cluster is proposed. If 2 clusters are supported, the number of RA bits is 
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. In [8], the number of RA bits is reduced by eliminating the contiguous RA. If 2 clusters are supported, the number of RA bits is 
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Table2 shows the number of RA bits for each resource indexing schemes. If option1 is supported, CQI RB indexing scheme is better than RA scheme type2. This is because RA scheme type2 needs larger scheduling restriction in order to decrease RA bits. In option1, RBG size and indexing span need to be defined in standardization. If option2 is supported, RA scheme type0/1 can be reused.
Although option2 has smaller standardization effort than option1, we consider that there is no significant difference between two options.
Table 2 Number of RA bits

	
	Type0/1
	Type 2
	CQI RB indexing scheme [8]

	1.4MHz (
[image: image10.wmf]6

=

UL

RB

N

)
	6 (P=1)
	6 (P=1,Nspan=3)
	6 (P=1)

	3MHz (
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	8 (P=2)
	8 (P=2,Nspan=10)
	7 (P=2)

	5MHz (
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	13 (P=2)
	10 (P=2,Nspan=14)
	10 (P=2)

	10MHz (
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	17 (P=3)
	12 (P=3,Nspan=30)
	12 (P=3)

	15MHz (
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	19 (P=4)
	12 (P=4,Nspan=40)
	13 (P=4)

	20MHz (
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4. Conclusion
In this contribution, we discuss the features of method to distinguish formats and resource indexing scheme which are still open. Finally, we select either of options about the maximum number of clusters and UL DCI format.
Option1: 2 clusters (with UL DCI format aligned with DCI format 0)
· Padding bits are used for the flag to distinguish between format0/1A and new format. However, only in the case of UL=20MHz and DL=15MHz, padding bit cannot be used for the flag since both of format0 and 1A has no padding bits.  
· CQI RB indexing scheme is better than RA scheme type2 because of small scheduling restriction.
Option2: Number of clusters not limited by the signalling (with UL DCI format aligned with configured DL DCI formats)
· RRC signaling is introduced to distinguish between configured DL format and new format. However, RRC configuration may be mismatched between eNB and UE during RRC modification period. 
· RA scheme type0/1 can be reused.
We prefer option2 to option1 due to the larger throughput gain. However, option1 can be considered if option2 has significant drawback for the method to distinguish configured DL format and new format. Although the throughput gain of option1 is smaller than that of option2, it still achieves large throughput gain compared to contiguous RA.
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