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1
Introduction
A number of decisions were made in RAN1#52 with respect to the DVRB to PRB mapping for the DL [1].
· Nd=2 mapping

· Only compact DL assignment supports DVRB assignment

· A DVRB to PRB mapping rule is defined by an interleaver to allow for 4th order diversity for 2 DVRB-pairs assignments 

· All mapping is done in a symmetric way. i.e. the two phases of a PRB are linked to each other

In addition, the following was agreed with respect to the “gap values”

· The gap value is an integer multiple of (RBG size) x (the number of RBG subsets), in order to keep a DVRB within a single RBG subset (approach 2)
 i.e. the square of RBG size(P2).

· 1 gap value for Nrb < 50

· 2 gap values for  Nrb ≥ 50

Clearly, the requirements on the gap values come from the desire to keep the DVRB within the same RBG set. 
This contribution presents a proposal to specify the DVRB to PRB mapping. 

2
Discussion

The following premises are considered:
· DVRB transmissions are used for small RB allocations

· For large RB allocations, PDCCH with resource allocation type 1 provides RB-level granularity (with no intra-subframe hopping) with possibility to exploit full frequency diversity (transmission over the entire system bandwidth)
· Partial utilization of RBG sets, by way of resource allocation type 1, “breaks” signalling using resource allocation type 0. In other words, RBGs that are partially utilized cannot be allocated with resource allocation type 0. 

· As a result, it is desirable to “exhaust” a given RBG set before using a different RBG set.

Figure 1 shows the RBs for a system with 50 RBs. The “green” colour denotes the RBs allocated to RBG set 0, the “blue” colour denotes the RBs allocated to RBG set 1 and the “yellow” colour denotes the RBs allocated to RBG set 2. 
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Figure 1. RBs for a system bandwidth with 50 RBs

Based on the premises above we propose collecting all the RBs in one RBG set into the following “array”:
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Figure 2. RBs for RBG set 0

The RBG set is selected using part of the resource allocation field similar to how it is done for UL hopping via grant for the hopping information. Table 1 shows the different number of RBG sets for different system bandwidths as specified in 36.213: 

Table 1  RBG sets for different system bandwidths
	System Bandwidth
	RBG Size
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	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


From this point, we perform the following operations:

· Interleaving of the RBs for mapping of VRB to PRB on the first slot in the subframe

· The interleaving is as described in section 2.1 and achieves maximum diversity transmission while keeping the allocation for a given UE within the same RBG set

· Re-mapping of RBs for the second slot in the subframe 

· This re-mapping is done to guarantee the “pairing” of RBs on the two slots of the subframe. The specific re-mapping is described in section 2.2. Note that by construction, we will retain the same RBG set. 
· Re-insertion of RBs of corresponding RBG set into the overall RB map

2.1
VRB-PRB interleaving for first slot
The first slot VRB-PRB mapping is based on a commonly used bit-reversed row-column interleaver.  The interleaver creates a mapping 
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 will be the VRB index in the collected RBG set.  For a description of the collected RBG set, please see Figure 2 above.  Note that the 
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, where 
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 is the number of RBs in the currently selected RBG.  
The number of columns 
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 and number of rows 
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 are determined as follows.  First, look up the value of 
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 in Table 2 based on the system bandwidth 
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Table 2 RBG sets for different system bandwidths
	System Bandwidth
	Number of Columns
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	64 – 110
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Next calculate 
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Then the bit-reversed row-column interleaver operation is as follows: 

1. Create a rectangular table of 
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 rows and 
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 columns. 

2. Write numbers 
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 sequentially column-wise top to bottom and then from left to rigth.  Inserting filler bits in the bottom row as needed.  
3. Perform bit-reversed interleaving of the columns 

4. Read out the elements sequentially row-wise form left to right and then from top to bottom.  Skip any filler bits.  

The sequence of elements read from the interleaver form the permutation 
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We generate the first slot VRB-PRB mapping pattern according to Table 3 below. 

Table 3  VRB-PRB mapping in the first slot
	VRB
	0
	1
	2
	…
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Note that the best VRB allocation is to assign a consecutive set of VRBs on the left, then on the right, and so on, moving form the edges to the middle.  
2.2.
Re-mapping for second slot

We generate the second slot VRB-PRB mapping pattern according to Table 4 below. 

Table 4  VRB-PRB mapping in the second slot

	VRB
	0
	1
	2
	…
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Note that the best VRB allocation is to assign a consecutive set of VRBs on the left, then on the right, then on the left, and so on, moving form the edges to the middle.  

Considering that 
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 are elements consecutively read from a bit-reversed row-column intereleaver, we can see that we achieve 4th order diversity for DVRB-pairs assignments.   
Considering that we use up VRBs from the edges and then gradually moving to the middle, and also comparing the elements in Tables  3 and 4, we can see that there is a naturally pairing that preserves as much space as possible for Type 0 allocations; which was one of the stated goals.  
Note that the optimum diversity order is achieved without specifying a gap value or a set of gap values.  
3
Conclusion

In this document we have presented a proposal for the DVRB to PRB mapping. 
The proposal attains the design goals set forth in [1]. The notion of “gap” is implicit and therefore there is no need for its signalling. 

We propose to discuss the proposal and complete the specification of DVRB to PRB mapping in the LTE PHY layer specifications.
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