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1. Introduction

In RAN1#51bis meeting, good progress for DVRB allocation was made. Current agreements are as follows:
	Assignment of Nd PRB pairs to which a VRB pair is mapped

· How many bits should be allowed for dynamic DVRB assignment, in addition to the bits for the number of DVRB-pairs and location of an “anchor” (e.g., first) PRB-pair location? 

· There is no additional signaling overhead compared to the non-DVRB (localized) assignment. 

· The DVRB-allocation includes a number of DVRB-pairs and an anchor (first) PRB-pair location 

· Bits (if any) for DVRB assignment in addition to the number of DVRB-pairs and the location of a first PRB-pair location come from constraining the number of DVRB-pairs or the first PRB-pair location. 

· 4th order diversity is supported for 2 DVRB-pairs with Nd=2 

· Mirroring is not supported for Nd=2 operation 

· The gap values are integer multiples of the RPG size for (at least) the non-compact assignment

· Desire to keep each DVRB pair within one RPG subset
· Compact grant size is not increased to signal gap offsets

· Non-compact assignment: At least 2 signaled gap (offset) values are supported to provide flexibility in DVRB assignment.

· FFS if additional flexibility is needed, either by supporting more gap values or using a bitmap approach.

· Compact assignment: At least 1 gap (offset) values are supported to provide flexibility in DVRB assignment.
In case Nd=3 is retained, R1-075084 agreed.


Among the agreements, in order to support 4th order diversity for 2 DVRB-pairs with Nd=2, interleaved DVRB index mapping to PRBs as [1-2] would be a straightforward solution. However, as the number of DVRB-pairs assigned to a UE is increased, the increase of number of holes is inevitable. As a result, it restricts LVRB allocation using resource allocation Type0 and Type2.
In this contribution, we propose an interleaving rule and a mapping scheme that can reduce holes with allowing gap zero in case that more than 3 or 4 DVRB-pairs are assigned to a UE.
2. Interleaved DVRB index mapping to PRBs
DVRB is adopted to utilize diversity gain when frequency selective scheduling is not appropriate for UEs. For more diversity order, one DVRB is divided into ND parts and mapped to ND PRBs. However, gain from increased diversity order is saturated as the diversity order increases. Accordingly, considering trade-off between gain and eNodeB scheduler complexity, the maximum value of ND is to be decided as 2 or 3 in the current working assumption. 
On the other hand, 4th order diversity should be supported for 2 DVRB-pairs according to the agreements. Considering a limited number of bits of compact assignment, interleaved DVRB index mapping to PRBs would be a good choice for fulfilling the requirement.
In this section, we propose to adopt a simple block interleaver of degree NDivOrder for DVRB index interleaver, where NDivOrder is diversity order required for DVRB transmission (i.e. the number of columns of the block interleaver is NDivOrder).
Figure 1 illustrates an example of the proposal when NRB=24, ND=2, and NDivOrder=4. We can see the first parts of the DVRB can achieve the required diversity order from well distributed mapping to PRBs.
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 Figure 1. Example of DVRB allocation using interleaved DVRB index
3. Availability of DVRB with gap zero when interleaved DVRB index is adopted
If a large number of DVRB is allocated to a UE as Figure 1, VRBs are partitioned excessively, which make a lot of holes and half-filled PRBs. Even if the half-filled PRB can be assigned to other UEs, the matching process is overhead to scheduler.

As a solution, we propose to adopt distributed allocation of LVRB using the interleaved DVRB index if a UE is assigned with large number of VRBs (e.g. more than 3 or 4). This case can be equivalently implemented as a DVRB allocation with a gap=0 as depicted in Figure 2. With a gap=0 for DVRB allocation, half-filled PRB can be avoided and also the number of holes can be reduced.
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Figure 2. Example of DVRB allocation with gap=0
<Switching between gap zero and fixed gap using threshold of RB length>
Assuming a predefined fixed gap is used for DVRB allocation, the same number of bits of the compact assignment for LVRB can be used without consuming bits for gap signaling. Accordingly, resource allocation type 2 for LVRB can be used for DVRB allocation, where starting resource, RBstart and length of RB, LCRB are signaled.
We can switch between the gap zero and fixed gap without additional signaling by defining a threshold of RB length for gap=0, Lth, as follows,

· When LCRB(Lth, then gap=0.
· Otherwise, predefined fixed gap is used.
<Explicit gap zero signaling when variable gap is adopted>
Assuming variable gap is used for DVRB allocation, there can be ND types of mapping rule of DVRB parts to PRBs for each resource allocation combination (i.e. RBstart and LCRB) as shown in Figure 3. Therefore, if we allow NG non-zero variable gap, we need bits for NDⅹNG hypotheses for each resource allocation combination. On the other hand, gap zero has only one mapping rule regardless of ND.
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 Figure 3. Mapping rule of DVRB parts to PRBs
Therefore, gap zero can be signaled with a separated bit or can be included as one of variable gap states, as depicted in Figure 4. 
When a separated bit is used, in case that gap=0, more bits can be used for LCRB because gap zero needs only one mapping rule and its signaling is not needed. In case that gap≠0, small number of LCRB is enough, because large number of LCRB will be set to gap=0. Accordingly, usage of bit field is more efficient, but one more signaling format for DVRB is added.
When one of variable gap states is used, single signaling format for DVRB is retained. However, LCRB for DVRB is limited to small value.
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Figure 4. Explicit gap zero signaling (MR=mapping rule)
4. Interleaving of DVRB index within RBG subset PRBs
Potential problems of DVRB allocation that affect LVRB allocation are pointed out in [3]. One of solution proposed is that one virtual RB shall be mapped onto several physical RBs which belong to the same RBG subset defined for resource allocation Type 1.
Considering the interleaved DVRB index mapping to PRBs, we propose additional rules as Figure 5.
1. Assign contiguous DVRB indexes to a RBG subset and then next contiguous DVRB indexes to next RBG subset.
2. Interleave DVRB index within each RBG subset.
Reasons for the rules are as follows,

· RBG subsets are composed of distributed RBGs so that well distributed interleaving can be possible within a subset. 
· When a UE is assigned multiple contiguous DVRB indexes, the PRB holes that the UE makes are located within a subset. Therefore, remaining PRBs can be assigned to other UEs using resource allocation Type1.
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 Figure 5. DVRB index interleaving rule for RBG subset
5. Conclusions

In this contribution, we showed our views on DVRB allocation and proposed to include gap=0. 
Our views are summarized as follows;
· Interleaved DVRB index mapping to PRBs is introduced to support 4th order diversity for 2 DVRB-pairs with ND=2
· A simple block interleaver of degree NDivOrder is proposed for DVRB index interleaver, where NDivOrder is diversity order required for DVRB transmission 
· If a UE is assigned with a large number of VRBs (e.g. more than 3 or 4), distributed allocation of LVRB can be possible using the interleaved DVRB index. This case can be equivalently interpreted as a DVRB allocation with a gap=0.

· Rules for DVRB index to PRBs are proposed as follows.

· Assign contiguous DVRB indexes to a RBG subset and then next contiguous DVRB indexes to next RBG subset.
· Interleave DVRB index within each RBG subset.
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