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1 Introduction
In RAN1#52, for DVRB transmissions it was agreed to use an interleaver to define the mapping rule to allow for 4th order diversity and the gap values to be an integer multiple of the square of the RB group size [1]. Related index interleaver designs were discussed in several contributions [2-5]. 

In this contribution, we propose an expression of the gap value using the floor and ceiling function.  Further, we propose an index interleaver, which achieves good trade‑off between utilizing the frequency diversity and an efficient coordination with localized resource allocation. 

2 Expression of the gap value and related signaling

It was agreed that the gap value is an integer multiple of the square of the RB group size (P) and that two gap values are defined in case of system bandwidths equal to or larger than 50RBs, where the 1st gap value is around half of the system bandwidth and the 2nd gap value is around a quarter of the system bandwidth. 

We propose the following equation for the gap value which is the nearest value to NRB/2 among all integer multiples of the square of P2. (Similar equation is proposed in [6], where ceiling and floor is opposite.)
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Note that the same gap value can also be expressed by using the round function, i.e. round(NRB/P2/2)(P2, as shown in [1] as a example. However, using the round function is undesirable since the round function may generate different results depending on the implementation of rounding. Floor and ceiling function are less implementation specific.  

The location of the PRB-pairs not used for DVRB transmission depends on the gap value. If Ngap < NRB/2, the PRBs not usable for the DVRBs is located at the edge of the band. In this case, the number of DVRB‑usable PRB-pairs NRB’ is 2Ngap. If Ngap ≥ NRB/2, the PRB-pairs not usable for DVRBs are located in the center of the band. In this case, the number of DVRB‑usable PRB-pairs NRB’ is 2(NRB - Ngap). 

In case of NRB (50RBs, the second gap value is defined based on half of the system bandwidth, as expressed below: 
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The gap value (which to use) should be signaled in the PDCCH along with the resource allocation. In this case 1bit is taken from the resource allocation field by limiting DVRB-pair allocation size per UE, which we think is not a problem in case of larger system bandwidth. With keeping the resource indication for type 2 in [7], the maximum DVRB-pair allocation size is equal to (2(Nbit-1)/NRB( in case of NRB (50RBs. Here, Nbit denotes the number of bits for resource allocation field.

The gap values and the number of usable PRBs for DVRB transmissions for each system bandwidth are shown in Table 1. 

Table 1 gap values and the number of DVRB‑usable PRB-pairs 
(values for other system bandwidths can be calculated based on equations (1) and (2)) 

	System bandwidth (MHz)
	Number of PRB-pairs, NRB
	RB group size, P
	Gap value
	number of usable PRB-pairs for DVRB, NRB’

	1.4
	6
	1
	3
	-
	6
	-

	3
	15
	2
	8
	-
	14
	-

	5
	25
	2
	12
	-
	24
	-

	10
	50
	3
	27
	9
	46
	18

	15
	75
	4
	32
	16
	64
	32

	20
	100
	4
	48
	32
	96
	36


3 Index interleaver design

According to agreement in RAN1#52 [1], the DVRB to PRB mapping rule is defined by an index interleaver to support 4th order diversity for allocating two contiguous DVRB-pairs. We propose a mapping rule with the following features. 

· Support of 4th order diversity 
When 2 or more DVRB-pairs are assigned to one UE, 4th order diversity is obtained. 
· Efficient coordination with resource allocation type 0 (RBG bitmap)
Contiguous DVRB-pairs are mapped on the same position within a RB group, e.g. 1st PRB in 1st RB group and 1st PRB in 4th RB group. In other words, the separation between PRBs on which contiguous DVRB-pairs are mapped is an integer multiple of the RB group size. This minimizes the number of RB groups used for DVRB transmissions. 
· Self hole filing for more than 2 DVRB-pair allocation 
When the eNB allocates more than 2 DVRB-pairs to one UE, the single-RB(i.e. one slot) holes created by the first two DVRB-pairs are automatically filled by the other DVRB-pairs. This property minimizes the single-RB holes and then minimizes the number of PRB-pairs consumed for DVRB transmissions. 

Above features are achieved by a simple block interleaver with a structure as shown in Table 2. 

Table 2 proposed index interleaver 

	Number of columns
	4

	Number of rows
	(NRB’/4/P((P


Note: NRB’ denotes the number of DVRB-usable PRB-pairs 

The number of columns defines the diversity order for multiple DVRB-pair allocations. The number of columns also defines the maximum number of PRB-pairs consumed for multiple DVRB-pair allocations. Naturally, with an increasing number of columns, the achievable diversity order increases. On the other hand, the number of RB-pairs consumed for the DVRB-pairs increases, which causes an increased number of single-RB holes and/or RB-pair holes in the RB groups. Therefore, defining the number of columns equal to 4 provides a good trade-off between supporting a sufficient degree of diversity (4th order) and the minimization of the number of single-RB holes and/or RB-pair holes in a RB group. 

The number of rows defines separation between PRBs on which contiguous DVRB-pairs are mapped. In order to minimize the number of RB groups used for DVRB transmission, the separation between contiguous DVRB-pair s should be aligned with RB group size. Therefore, we propose the number of rows is an integer multiple of RB group size, i.e. (NRB’/4/P((P. 

When NRB’ is not an integer multiple of 4(P, “nulls” are filled in the interleaver, which are skipped when reading out. The “nulls” are positioned in the last Nnull/2 rows of the 2nd and 4th column in order to keep the alignment with the RB group size. Note that the number of “nulls” is always even since NRB’ is even because of Nd=2. 
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Figure 1 proposed index interleaver and resulting mapping rule (5MHz)
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Figure 2 hole filling by additional DVRB-pairs assignment

Figure 1 illustrates the proposed index interleaver and the result of the mapping for a 5MHz system. Because the PRB positions for contiguous DVRB-pairs are aligned with the RB groups, the number of RB groups used for DVRB transmission is minimized. Furthermore, the holes in the RB groups created by individual DVRB-pair allocations are filled by assigning additional DVRB-pairs. For example, in Figure 2, DVRB-pair 0 and 1 are assigned to UE1 and DVRB-pair 2 and 3 are assigned to UE2. PRB-pair 1, 7, 13, 19 are the holes created by the DVRB-pairs. These holes can be filled by assigning DVRB-pair 4~7 to another UE(UE3) instead of using localized resource allocation type1. The other PRBs can be assigned to localized UEs with resource allocation type0. Therefore, we don’t see the need to align the DVRB mapping with the RBG subsets in order to fill the holes by localized resource allocations of type1 which causes a loss in diversity order as explained in the Annex. 

In case of NRB(50, two interleavers are defined, i.e. one interleaver for each gap value. Figure 3 illustrates the interleaver and resulting mapping for a 10MHz system. For the 1st gap, the DVRBs are mapped across the whole system bandwidth, while for the 2nd gap, the DVRBs are mapped on around half of the system bandwidth. The remaining half is used for localized allocations only. Since the main motivation for the 2nd gap value is to separate resources for distributed transmission and resources for localized transmission, there is no need to map DVRBs on the remaining half. 

[image: image6.emf]0 1 2 3

4 5 6 7

8 9 10 11

12 13 14 15

16 17 18 19

20 21 22 23

24 25 26 27

28 29 30 31

32 33 34 35

36 37 38 39

40 41 42 43

44 null 45 null

4

12 (=



45/4/3



x3)

 [image: image7.emf]0 1 2 … 9 10 11 12 13 14 … 21 22 23 24 25 26 27 28 29 … 36 37 38 39 40 41 … 45 46 47 48 49

0 4 8 … 36 40 44 1 5 9 … 37 41 2 6 10 … 38 42 45 3 7 11 … 27 31 35 39 43

2 6 10 38 42 45 3 7 11 39 43 0 4 8 36 40 44 1 5 9 25 29 33 37 41

not used

for DVRB

Ngap=27

RBG

DVRB-pair

index

PRB-pair#


(a) For 1st gap
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(b) For 2nd gap

Figure 3 index interleaver and resulting mapping for 10MHz 

4 Conclusion
This contribution proposes expressions for the gap values and an index interleaver, which defines the DVRB to PRB mapping rules. For simpler calculation with fixed point operation, we propose not to use the rounding function but instead to use floor and ceiling functions to express the gap values. The proposed gap values are as follows. 

1st gap: 
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2nd gap: 
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For the index interleaver, we propose a block interleaver with 4 columns and the number of rows equal to (NRB’/4/P((P which is aligned to the RB group size, where NRB’ denotes the number of usable PRB-pairs for DVRB transmissions. The proposed interleaver allows for a good trade-off between utilizing the frequency diversity and an efficient coordination with localized allocations of type 0, i.e. minimizing the number of RB groups used for DVRB transmissions. 
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Annex : diversity property 

When the nulls are inserted in the interleaver, a part of DVRB-pairs can not achieve 4th order diversity, i.e. adjacent DVRB-pair indices are mapped on the same PRB-pairs. eNodeB would assign these DVRB-pairs to UEs which need only 1 DVRB-pair.(According to our full rate VoIP system simulations, roughly 35% of VoIP UEs use single DVRB-pair.) 

The percentage of the number of contiguous DVRB-pairs which are mapped on the same PRB-pairs is shown in Figure A1. As a reference, the interleaver with RBG subset alignment, i.e. number of rows is integer multiple of P2, is shown in Figure A2. As seen from Figure A1, sufficient number of DVRB-pairs can achieve 4th order diversity for proposed mapping with taking into account that 4th order diversity for smaller system bandwidth is not important since PRBs for adjacent DVRB-pair indices are not well separated. On the other hand, the diversity property is bad for the mapping aligned with RBG subset. 

[image: image12.emf]proposed interleaver(RBG alignment)

0%

20%

40%

60%

80%

100%

6 26 46 66 86 106

system bandwidth (N_RB)

% of contiguous DVRBs

mapped in same PRB

25RB: 100% 50RB: 96%

100RB: 100%

75RB: 100%


Figure A1 property of 4th order diversity (proposed scheme, Ncolumn=4, Nrow=(NRB’/4/P(( P) 
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Figure A2 property of 4th order diversity (RBG subset alignment, Ncolumn=4, Nrow=(NRB’/4/P2(( P2) 
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