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1
Introduction
In this contribution, the design rules in [2] are applied for the proposed RA scheme in [3] to improve the performance of two clusters based non-contiguous UL RA.
2
Non-contiguous Resource Allocation Designs
2.1 Further considerations for non-contiguous UL RA
Based on the simulation results in [2], it is proposed that the size of cluster should be multiples of 2PRB in [1]. This is due to the fact that the actual channel state information can not be achieved by per PRB granularity and the minimum cluster size of 2PRB can provide substantial gain over the conventional 4PRB case.
It is also proposed that the maximum separation between clusters should be half of system bandwidth in [1]. The restriction on the resource allocation can degrade the frequency selective gain but the separation less than half of system bandwidth may need significantly lower MPR settings and result in remarkable gain over the unrestricted case.
Decreasing the minimum size of cluster causes increasing the number of bits for RA field, while some restrictions on RA can be used for saving some bits needed for RA indication.
2.2 Proposed scheme
Figure 1 shows the proposed resource allocation scheme for two clusters in [3]. It consists of two contiguous resource allocation of the Rel. 8 type 2 with RBG based allocation. The first RA indicates the overall range of RBGs by the parameters of offset y and length x. The second RA indicates the internal RBGs which will not be included in the inside of the first RA area by the parameters of offset w and length z. The internal area indicated by the second RA is limited within the area indicated by the first RA and one RBG in both of the boundary should be excluded in the range of the second RA.
By counting and accumulating all cases of allocation, we can derive a formula of 
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 for two cluster allocation as (1)~(4) when the total number of RBGs is n.
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 denotes RIV(Resource Indication Value) for two clusters. 
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 has the same form of RIV as the Rel. 8 type 2 when the offset is w, the length is z and the total RBG number is x-2.
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Figure 1: Proposed RA scheme
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 can indicate all the cases of resource allocation with two clusters and has the values from 0 to 
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 is known as the number of all possible cases of resource allocation with two clusters.
One of the interesting properties of above equations is that 
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 indicates the number of all possible cases of resource allocations from x=3 to 
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 denotes the total length from the start of the first cluster to the end of the second cluster. When 
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If we decrease the value of 
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(less than n), the separation between two clusters is decreased and the maximum value of 
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 is also decreased. If we have smaller range of 
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, we need smaller number of bits for non-contiguous RA.

2.3 Design rules
With the discussions in section 2.1 and 2.2, we can have some design rules for UL RA.
1) Only two clusters is used for non-contiguous RA.

2) The size of cluster is 2xPRB.

3) UL RA is signalled by UL grant (DCI format 0).

4) 10% of both ending sides (totally 20%) of total bandwidth can not be allocated by the non-contiguous signalling.

5) The maximum value of 
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 is limited ( 
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) to match the possible number of bits in DCI format 0.
6) The unused code points in Rel. 8 type 2 RA can be used for non-contiguous RA with the combination of FH bit.

The design points of 1), 2), 3) and 4) follow the design rules of [2].

The unused code points in Rel. 8 type 2 means the code points from 5050 to 8190 in RIV for 20MHz for example. (8191 is used for SPS signalling.) It is assumed that the padding bit indicates whether it is contiguous(padding bit=0. The code points from 0 to 5049 are used for this case.) or non-contiguous(padding bit=1). The unused code points can be used for non-contiguous RA while padding bit is set as 0. Frequency hopping is not used for the non-contiguous RA case and we can extend the unused code point by varying FH bit. (0 or 1) Thus, we can have 2x(8190-5049)=6282 additional code points for non-contiguous RA and total number of possible code points for non-contiguous RA is 6282+16384(=14bit)=22666.
The total design for non-contiguous RA can be summarized as Table 1.

Table 1: Summary of UL RA design
	BW
(MHz)
	#RB
	#RBG
	RA
map size

(A)
	padding
bits
	FH bit
(B)
	Available RA bits
(A+B)
	New

#RBG
(size=2)
Both end side (-20%)
	Unused code points
	Total code points

(FH bit used)
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	Needed code points

	10
	50
	17
	11
	2
	1
	12
	20
	772
	5640
	18
	5508

	15
	75
	19
	12
	1
	1
	13
	30
	1245
	10682
	16
	10220

	20
	100
	25
	13
	1
	1
	14
	40
	3141
	22666
	18
	21828


The design for 1.5/3/5 MHz is not necessary because their RBG size is not more than two. 
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 is the maximum separation between two clusters when the size of each cluster is one RBG. For 20MHz, the maximum separation between two clusters is less than the half of system bandwidth due to the lack of code points. The needed code points can be calculated by 
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3
Conclusion
The RA scheme proposed in [2] has the limitation of cluster position within the total system bandwidth and the other RA schemes being discussed may need some additional features to reduce the minimum RBG size and the maximum separation between two clusters. The proposed scheme can be designed easily based on the design rules of [2] without increasing any RA signalling overhead and the comparable performance to unlimited clusters case could be expected.
From the above discussions, the conclusion is that the proposed RA scheme is recommended as non-contiguous UL RA scheme.
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