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1. Introduction

In RAN1#51 meeting, three RA(resource allocation) types were agreed for DL LVRB allocation. [1]

Bitmap types
· Type 0: a bitmap indicates the RBGs that are allocated to the scheduled UE.

· Type 1: a bitmap indicates the RBs from the set of resource blocks from one of the P RBG subsets.

Compact type

· Type 2: starting VRB number and a number of consecutive VRBs are indicated.

DL DVRB allocation can be signaled using above listed three RA types with distributed transmission flag. However, because one DVRB should be divided into ND phases and mapped to ND PRBs, we have to decide the mapping rule between phases of DVRB and PRBs, and to consider the signaling method for the mapping rule.

2. Property of DVRB 

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 phases and mapped to ND PRBs. However, if a UE is assigned with large number of VRBs, diversity order can be achieved by distributed allocation of LVRB. Therefore, DVRB mapping rule should be optimized for the cases where small number of VRBs are scheduled to a UE.
Already existing three types of LVRB allocation methods can be used to indicate the PRB mapping of the 1st phases of DVRBs. To indicate remaining 2nd or 3rd phases of DVRB, we need to use predefined gap or to signal variable location of phases. Without additional signaling except distributed transmission flag, DVRB allocation can be indicated using predefined gap. However, as depicted in Figure 1, predefined gap makes uncontrollable PRB ‘holes’ in RBGs due to mapping of the 2nd phases. It causes LVRB scheduling restricted, because only RA Type 0 and Type 2 can be used to indicate whole RBs in the system to a UE, but these types are vulnerable to ‘hole’. In addition, the scheduler has to schedule DVRB allocation first and LVRB should be scheduled using remaining RBs. Therefore, indication of variable gap or indication of flexible location of phases should be considered.
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Figure 1. Example of DVRB allocation with predefined gap
RA Type 2 for LVRB allocation consists of starting position of VRB and a number of consecutive VRBs. If we restrict the maximum number of DVRBs for a UE to K, we can use the hypotheses used for more than K number of consecutive DVRB as for variable gap indication. However, even if K=1, full variable gap indication is not possible because of lack of hypotheses. Moreover, when ND=3, it would be so hard to indicate the each gap for 2nd and 3rd phase. On the other side, Type 2 has a merit that it requires less number of bits than bitmap approaches such as Type 0 and Type 1. Therefore, we recommend that Type 2 be used for restricted number of DVRB assignment (e.g. K=1 or 2).
3. Indication method for flexible phase location using bitmap grouping
In this section, we propose a method for indication of flexible phase location using bitmap grouping approach. Figure 2 shows an example when ND=2. DVRBs are assigned to UE2, UE3 and UE4 using remaining PRBs(PRB 0, 6, 7, 10, 14, 15) after LVRB allocation for other UEs. 

Procedure of the bitmap grouping for DVRBs for a UE when ND =2 is as follows,

· Bits corresponding to the PRBs where 1st phase or 2nd phase of scheduled DVRBs are mapped are set to 1.

· PRBs set to 1 are divided into 2 groups. (yellow colored group and gray colored group)
· There are 2 kinds of mapping rules for phases of DVRB to PRBs. It should be indicated which one is selected.
· 1st phase to 1st PRB group, and 2nd phase to 2nd PRB group: UE2
· 1st phase to 2nd PRB group, and 2nd phase to 1st PRB group: UE3, UE4
As you can see from the example, with additional indication of selected mapping rule when comparing to LVRB allocation, flexible mapping of 2nd phase is possible as well as 1st phase.
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Figure 2. Indication method for flexible phase location using bitmap grouping

4. DVRB indication with bitmap approach
In this section, we consider properties of RA types with bitmap approach.
Type 0

Because Type 0 has RBG level scheduling granularity and RBGs are composed with adjacent RBs, it is not good structure for DVRB allocation to get diversity gain. In addition, as number of VRBs which are scheduled to a UE increase, LVRB allocation can be used for frequency diversity scheduling.

Therefore, we propose to use Type 0 as LVRB allocation only.
Type 1

With Type 1, a bitmap indicates the RBs from the set of resource blocks from one of the P RBG subsets. We can use Type 1 for DVRB allocation using the bitmap grouping method showed in section 3. Example when ND=2 is shown in Figure 3. LVRBs are assigned to UE0 and UE1 using Type 0. LVRBs are assigned to UE2 using Type 1. DVRBs are assigned to UE3 and UE4 using the bitmap grouping method adopted in Type 1. Within a subset, flexible phase location can be indicated with the bitmap grouping method.

Therefore, we propose to use Type 1 as both LVRB and DVRB allocation. For DVRB allocation, the bitmap grouping method is proposed.
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Figure 3. Indication method for flexible phase location using RA Type 1 with bitmap grouping
5. Header design for bitmap approach
According to our proposal in section 4, there are 
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 hypotheses for bitmap interpretation. Where P is number of subsets and ND is number of phases of DVRB.

The hypotheses are as follows,
· Type0-LVRB: 
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· Type1-LVRB: 
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Table 1 (a) shows required bits for header with bitmap grouping proposal. For comparison, Table 1 (b) shows required bits for header with Type1-DVRB using predefined gap. In that case, Type1-DVRB has 
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hypotheses like Type1-LVRB. Consequently, overall number of hypotheses required in the header design is 
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. From the table, only 1 bit increase is found from bitmap grouping in the case that number of subset is 3, though indication of flexible phase location is supported with bitmap grouping.
Table 1. Required bits for RA indication when ND=2
(a) DVRB allocation with bitmap grouping
	Number of PRBs
	# of subset
	Hypotheses in Header
	Bits for Header
	Bits for
Bitmap
	Bits Total
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(b) DVRB allocation with predefined gap

	Number of PRBs
	# of subset
	Hypotheses in Header
	Bits for Header
	Bits for
Bitmap
	Bits Total
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5. Conclusions

In this contribution, we showed our views on DVRB allocation and introduced the bitmap grouping in RA Type 1 to support flexible phase location for DVRB allocation. 
Our views are summarized as follows;
Bitmap types:
- Type 0 is used for LVRB allocation only.
- Type 1 is used for both LVRB and DVRB allocation.
* Bitmap grouping is adopted in Type 1 for DVRB allocation 
Compact type:


- Type 2 is used for both LVRB and DVRB allocation.
* Type 2 for DVRB allocation is only used for UEs with restricted number of VRB assignment.
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