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1. Summary
This contribution discusses remaining issues for DVRB operation - gap values and DVRB-to-VRB mapping for distributed allocation using the “compact” assignment (format 1A). 
Proposal:
· As agreed in Sorrento, Gap values are multiple of the square of RBG size (P2). Two gap values are defined for system bandwidth >= 50 RBs.  

Table 1 – Gap Values for Different System BWs

	System BW, NRB 
	RBG Size (P)
	Gap 1, g1
	Gap 2, g2

	1-10
	1
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	N/A

	11
	2
	4
	N/A

	12-19
	2
	8
	N/A

	20-26
	2
	12
	N/A

	50-64
	3
	18 or 27
	9

	65-79
	4
	32
	16

	80-110
	4
	48
	16


· Large gap value, g1, enables DVRB mapping over (nearly) the entire system bandwidth
· Gap value, g2, is smaller than gap, g1, (
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 ) to enable distributed DVRB operation over a smaller portion of the system bandwidth.
· DVRB-to-PRB mapping (for gap g0=g1, 
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; gap g0=g2 
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) is obtained from a block interleaver with P columns and 2g0/P rows written row-wise and read-out column-wise. A cell-specific offset can also be applied.
· For 
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, DVRB-to-PRB mapping for gap g1, is based on the DVRB-to-PRB mapping for gap g2 to enable the two gap values to efficiently coexist within the same subframe.
· Dynamic signaling of gap values to enable flexibility in scheduling and selection of the gap values, and avoid the drawbacks of semi-static signaling.
· The 1 bit of signaling required for 
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 is obtained by limiting the maximum number of DVRB-pairs assigned to a UE

· Easiest to limit to 18 maximum, though previous reflector discussions suggested 4 or RBG size as the maximum

2. DVRB-to-PRB mapping 
In RAN1#52 Sorrento meeting, the following were agreed, 

· 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.
UEs with the two different gap values should efficiently coexist within the same subframe in order to provide flexibility in scheduling and selection of the gap values, and also avoid the drawbacks of semi-static signaling:

· Additional D-BCH overhead
· Additional HO message overhead
· Can change only very slowly (need to consider DRX)
· Does not allow for different gap values in different subframes based on the load
Due to the fact that the “compact” assignment can only assign consecutive DVRBs, it is desirable that the DVRB-to-PRB mapping be such that consecutive DVRBs assigned with one gap value results in PRB locations that correspond to consecutive DVRBs with the other gap. This thus minimizes the number of non-consecutive “holes” created by the different gap value allocations and potentially simplifies scheduler operation. Further, a pair of UEs with same gap offsets and allocation size can be assigned DVRBs that map to the different phases of a PRB thereby enabling all the PRB-pairs to be assignable using either of the gap values.

Let NRB represent the system bandwidth and g1 and g2 be the two gap values, g1 > g2.  Let L=2g0 where g0=g1 for
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, and g0=g2 
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. The DVRB-to-PRB mapping, f, is defined for a subband of size L,  
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The DVRB-to-PRB mapping rule, f, is defined by an interleaver e.g., a block interleaver with P columns and 2 g0/P rows written row-wise and read-out column-wise. A cell-specific offset can also be applied.

A UE is assigned consecutive VRBs, 
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, and a gap offset, g, via the “compact” assignment. The set of physical resource blocks to be used for transmission in each slot of the subframe for either of the two gap values are given in Table 2 and Table 3.
Table 2 – PRB assigned in each slot for NRB < 50 and 
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	Gap, g=g1
	Gap, g=g2

	Slot 0
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Table 3 – PRB assigned in each slot for 
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	Gap, g=g1
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Examples of DVRB-to-PRB mapping for NRB=50 RBs and NRB=75 RBs is shown in Appendix A and Appendix B. With the mapping as described above, it can be clearly seen that consecutive DVRBs assigned for one gap map to consecutive DVRBs for the other gap. Thus, the DVRBs that cannot be assigned with the other gap are consecutive. The remaining DVRBs for either of the gaps are consecutive and thus can be assigned to UEs using the “compact” assignment -  no non-consecutive “holes” are created by the different gap values. With the above DVRB-to-PRB mapping with symmetric mapping (2 phases of a PRB are linked for both gap values), a pair of UEs with same gap offsets and allocation size can be assigned the different phases of a PRB thereby enabling all the PRB-pairs to be assignable using either of the gap values.
In both examples, there are un-labeled PRBs. These correspond to VRBs mapped to 
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 in a slot . For Figure 1, they can either not used for data transmission or the hopping data on the corresponding slot can be rate matched to fill both slots. Alternatively, in both Figures, the scheduler could not assign such VRBs, and use localized transmission instead.

3. Signaling of gap values 
The PDCCH DCI Format 1A “compact” assignment provides allocation information for:

· The gap value for 
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· The first DVRB index, and
· The number of occupied DVRBs.

The 1-bit of signaling needed for the gap value for 
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is obtained by limiting the number of DVRBs that can be assigned for 
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. One simple alternative is to limit the number of DVRBs to 18 for all 
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which we believe is more than sufficient for distributed allocation. Alternatively, different maximum number of DVRBs can be assigned to each of the three system bandwidth ranges in Table 1.
APPENDIX A – DVRB-to-PRB Mapping for NRB=50 RBs
The DVRB-to-PRB mapping, f, for 
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Figure 1. Mapping for 50 RBs, g1 =27 and g2=9.

APPENDIX B – DVRB-to-PRB Mapping for NRB=75 RBs.
The DVRB-to-PRB mapping, f, for 
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Figure 2. Mapping for 75 RBs, g1 =32 and g2=16.
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