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1. Introduction
We agreed on that the gap value for the distributed transmission is an integer multiple of (RBG size) x (the number of RBG subsets), i.e. the square of RBG size (P2) [1]. We also agreed on that the number of gap values is 1 for the case Nrb < 50 and 2 for the case Nrb >=50. We have to decide how to map DVRB to PRB. Therefore, we propose mapping details in this contribution.
2. Discussion and Proposal
2.1. Gap Value
We think that it is good enough to use the equation in [1] to create the gap value. The equation is shown below again.
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The gap values calculated by the equation are shown in the table 1 for typical bandwidths.
Table 1 Gap value with round-down in equation
	System BW [MHz]
	Number of RB Nrb
	RBG size P
	Gap value Ngap

	
	
	
	1st Gap
	2nd Gap

	1.4
	6
	1
	3
	-

	3
	15
	2
	8
	-

	5
	25
	2
	12
	-

	10
	50
	3
	27
	9

	15
	75
	4
	32
	16

	20
	100
	4
	48
	32


2.2. Mapping of DVRB to DPRB
We define several cases as shown below when considering 4th order diversity.
Firstly, we focus on 1st Gap.

(1) Case 1-1: (Ngap/2 = n*P2) and (Ngap*2 <= Nrb)
In this case, there are some PRBs which can’t be used for distributed transmission and all of them are in upper PRB part because condition (Ngap*2 <= Nrb) is satisfied. The figure 1 shows 15 MHz bandwidth case as an example. The yellow and blue boxes are 1st and 2nd DVRB for the same UE respectively. The gray boxes are PRBs which can’t be used for distributed transmission. All PRBs for distributed transmission can be used for 4th order diversity, and 1st DVRB and 2nd DVRB are in the same subset because condition (Ngap/2 = n*P2) is satisfied (n is an integer). The distance D11 between 1st DVRB and 2nd DVRB is expressed as follows.
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Figure 1: Proposed mapping of DVRBs to PRBs for case 1-1 (e.g.15 MHz)

(2) Case 1-2: (Ngap/2 = n*P2) and (Ngap*2 > Nrb)
In this case, some PRBs which can’ be used for distributed transmission are in the middle part of the bandwidth because condition (Ngap*2 > Nrb) is satisfied. The figure 2 shows 3 MHz bandwidth case as an example. The yellow, blue and gray boxes have same meaning as in the figure 1. The number of PRBs which can’t be used for distributed transmission is expressed as follows.
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Due to the existence of gray boxes in the middle of the bandwidth, there are some PRBs which can’t be used for 4th order diversity. They are colored green in the figure 2. However, they can still be used for transmitting 1 DVRB with 2nd order diversity.

The distance D12 between 1st DVRB (yellow) and 2nd DVRB (blue) is expressed as follows.
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1st DVRB and 2nd DVRB are in the same subset because condition (Ngap/2 = n*P2) is satisfied.
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Figure 2: Proposed mapping of DVRBs to PRBs for case 1-2 (e.g. 3 MHz)
(3) Case 2-1: (Ngap/2 ≠ n*P2) and (Ngap*2 <= Nrb)
In this case, all PRBs which can’t be used for distributed transmission are in upper PRB part because condition (Ngap*2 <= Nrb) is satisfied. The figure 3 shows 5 MHz bandwidth case as an example. The yellow, blue, gray and green boxes have the same meaning as in the figure 2. 

The alternative A is the case where the distance between 1st DVRB (yellow) and 2nd DVRB (blue) is as close to the value Ngap/2 as possible. However, 1st DVRB and 2nd DVRB are in different subsets. On the other hand, the alternative B ensures that 1st DVRB and 2nd DVRB belong to the same subset.

In the alternative A, the distance D21A between 1st DVRB and 2nd DVRB is expressed as follows.
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In the alternative B, the distance D21B between 1st DVRB and 2nd DVRB is expressed as follows.
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When the value 2*D21x is not equal to the value Ngap, there are some PRBs which can’t be used for 4th order diversity. They can be still used for 2nd order diversity. The number of them is expressed as follows:
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where D21x is D21A or D21B.

Because of the distance between 1st DVRB and 2nd DVRB, the gain from 4th order diversity in the alternative B might be smaller than the one in the alternative A in some radio channel environments.
20 MHz bandwidth also belongs to this case.
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Figure 3: Proposed mappings of DVRBs to PRBs for the case 2-1 (e.g. 5 MHz)
(4) Case 2-2: (Ngap/2 ≠ n*P2) and (Ngap*2 > Nrb)
In this case, some PRBs which can’t be used for distributed transmission are in the middle part of the bandwidth because condition (Ngap*2 > Nrb) is satisfied. The figure 4 shows 10 MHz bandwidth case as an example. A number of PRBs which can’t be used for distributed transmission is expressed as follows.
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There are also two alternatives in the figure 4 similar to the case 2-1. However, when deciding the distance between 1st DVRB and 2nd DVRB, the number Nno must be considered. The distance D22A in the alternative A is expressed as follows.
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The distance D22B between 1st DVRB and 2nd DVRB in the alternative B is expressed as follows.
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In the alternative A, 1st DVRB and 2nd DVRB are located in different subsets. However, in the alternative B, they are located in the same subset.
When the value 2*D22x is not equal to the value Ngap-Nno, there are some PRBs which can’t be used for 4th order diversity. They can be still used for 2nd order diversity. Their number is expressed as follows:
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where D22x is D22A or D22B.
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Figure 4: Proposed mappings of DVRBs to PRBs for the case 2-2 (e.g. 10 MHz)

The Pros and Cons of each alternative discussed in case 2-1 and case 2-2 are summarized in the table 2.

Table 2 Comparison of alternatives
	
	Pros
	Cons

	Alternative A
	· Higher gain from 4th order diversity in some environments
· Slightly higher number of combinations for 4th order diversity
	- PRBs in the different subset for 2 VRBs in one user

	Alternative B
	- PRBs in the same subset even for 2 VRBs in one user
	- Lower gain from 4th order diversity in some environments
- Slightly lower number of combinations for 4th order diversity


To keep 2 DVRBs in the same subset, we prefer alternative B.
2.3. Block Interleaver
We define two types of block interleaving to map DVRBs to PRBs (1st slot) as shown in the figure 5. The value Dep1 is a limited number of lines for writing 2*Nd DVRB indices considering 4th order diversity. The value Dep2 is Dep1 plus a number of lines for writing Nd DVRB indices considering only 2nd order diversity. 
Gray boxes are not used for writing but used for reading (correspond to gray boxes in Fig. 2). Purple boxes with “x” are not used for writing or reading.
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Figure 5: Proposed block interleaver
(1) Case 1-1: (Ngap/2 = n*P2) and (Ngap*2 <= Nrb)
The interleaver 1 can be applied. In this case, all PRBs for distributed transmission are used with 4th order diversity. Therefore, Dep1 is equal to the distance D11 between 1st DVRB and 2nd DVRB. There are no PRBs with 2nd order diversity so that Dep2 is equal to Dep1:
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(2) Case 1-2: (Ngap/2 = n*P2) and (Ngap*2 > Nrb)
The interleaver 1 can also be applied. In this case, Dep2 is the same as the number of PRBs between 1st DVRB and 2nd DVRB. Further, PRBs with green color in the figure 2 are for 2nd order diversity which can be described using Nno. Therefore, Dep1 and Dep2 are expressed as follows:
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(3) Case 2-1: (Ngap/2 ≠ n*P2) and (Ngap*2 <= Nrb)
(a) Alternative A
The interleaver 2 can be applied. The Dep1 is equal to the distance between 1st DVRB and 2nd DVRB. The Dep2 consists of PRBs for 2nd order diversity in addition to Dep1. The number of PRBs for 2nd order diversity is expressed by N2div21 in the section 2.2 case 2-1. Therefore, Dep1 and Dep2 are expressed as follows:
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(b) Alternative B

The interleaver 2 can also be applied. The same logic as the alternative A can be applied. Therefore, Dep1 and Dep2 are expressed as follows:
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(4) Case 2-2: (Ngap/2 ≠ n*P2) and (Ngap*2 > Nrb)
(a) Alternative A

The interleaver 2 can be applied. The Dep1 is equal to the distance between 1st DVRB and 2nd DVRB. The Dep2 consists of PRBs for 2nd order diversity in addition to Dep1. Also, the number of PRBs which are not used for distributed transmission and located in the middle PRB part must be considered. Therefore, Dep1 and Dep2 are expressed as follows:
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(b) Alternative B

The interleaver 2 can also be applied. The same logic as the alternative A can be applied so that Dep1 and Dep2 are expressed as follows:
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In the table 3, the discussion above is summarized. The case 1-1 and 1-2 must be used. For the case 2-1 and 2-2, either of the alternative A or B must be chosen.

It should be noted that DVRB numbers corresponding to PRBs prohibited for distributed transmission are generated in the interleaver (there are DVRB numbers in gray boxes in the figure 4). They are needed for the conversion from VRB to PRB, but must not be used for signaling of resource allocation in PDCCH.
Table 3 Definition of interleaver

	Case
	Distance between 

1st DVRB and 2nd DVRB
	Depth1
	Depth2
	Interleaver

	Case 1-1: 
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	Interleaver 1

	Case 1-2: 
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	Interleaver 1

	Case 2-1: Alt. A
	
[image: image35.wmf]ú

û

ú

ê

ë

ê

=

2

N

D

gap

A

21


	
[image: image36.wmf]A

21

1

D

Dep

=


	
[image: image37.wmf]21

div

2

1

2

N

Dep

Dep

+

=


	Interleaver 2

	Case 2-1: Alt. B
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	Interleaver 2

	Case 2-2: Alt.A
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	Interleaver 2

	Case 2-2: Alt.B
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	Interleaver 2


In the text above, we focused on 1st gap value.
Concerning 2nd gap value, 4th order diversity might not be taken into account because of narrower bandwidth. However, if RAN1 decides to take 4th order diversity into account, we propose the mapping shown in the figure 6 which is different from the one applied for 1st gap case in order to keep the same subset for 1st DVRB and 2nd DVRB. The block interleaver is depicted in the figure 7. The value of Dep can be equal to Ngap.
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Figure 6: Proposed mappings of DVRBs to PRBs with 2nd Gap (e.g.10 MHz)
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Figure 7: Proposed block interleaver with 2nd Gap
3. Conclusion
We proposed the equation of the gap for distributed allocation and the block interleaver for mapping DVRBs to PRBs. Firstly, the equation is shown in section 2.1. Next, we showed two alternatives for the mapping between DVRBs and PRBs and the block interleaver corresponding to each mapping alternative. Between the two alternatives, we prefer to take mapping alternative B in order to keep two DVRBs for one UE on the same subset. Under the same concept, we also proposed a block interleaver for 2nd gap.
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