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1. Introduction
In RAN1#50 meeting, it was agreed that 2 approaches for DL LVRB allocation are supported [1]. That is,

· Approach 1: RB group (RBG) level bitmap

· Approach 2: LVRB allocation over PRB subsets
As for approach 2, there are several proposals [2]-[8] submitted so far but not intensively discussed yet. In this paper, we identify and compare 4 proposals from various companies and suggest one method being employed as a method realizing approach 2.
2. Requirements for resource allocation by approach 2
We summarize the required properties for the downlink resource allocation approach 2 as follows;

[Req.1] Smaller number of consecutive RBs than RBG size (number of RBs in one RBG) should be allocable.

· For example, 1, 2 and 3 consecutive RB allocation should be possible in case of RBG size = 4 RBs.

[Req.2] Efficient frequency diversity allocation over system bandwidth should be possible.
· Frequency diversity allocation by DVRB accompanies restrictions such as scheduled UE pairing, PRB preservation for DVRB, etc. Therefore, Approach 2 should be able to support frequency diversity allocation for, e.g. more than 2 RBs scheduled to a UE.
[Req.3] ‘Holes’ created by allocation of approach 1 or approach 2 itself should be filled out easily.

· Minimum number of UEs (specifically, 2 UEs) should be able to fill out each RBG hole created by approach 1 allocation.

· Various RB allocations over holes created by approach 1 allocation should be supported. 
[Req.4] It is desirable supporting as many allocations not supportable by approach 2 as possible.

· Within maximum amount of bits for resource allocation in approach 1, various RB allocations not overlapped with approach 1 should be supported.
[Q.1] Is it necessary assigning a UE larger amount of consecutive RBs than RBG size with finer granularity than RBG size (for example, 4 or 5 consecutive RBs in case of RBG size = 3 RBs)?

· It is true that finer granularity means more flexibility to eNB scheduler. However, it is questionable whether this is so stringent requirement to cost trade-off with other requirements if there are.
3. Comparison of proposals for approach 2
From the proposals for approach 2 so far, we consider 4 methods, that is, bitmap over sub-sampled RBGs [2][3][4], bitmap over sub-sampled RBs [5][6], tree allocation over subbands [7] and extended tree allocation over subbands [8].

(1) Bitmap over sub-sampled RBGs
In this method, every n-th RBGs defined for approach 1 construct n RBG subsets with different RB offsets 0, 1, … , n-1, where n is equal to the RBG size. Figure 1 illustrates this structure when RBG size = 3 RBs. Application of approach 1, or one of the subsets for approach 2 can be indicated by header information which length may be 1~3 bits.
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Figure 1     Example of bitmap over sub-sampled RBGs
We discuss the fulfilment of required properties summarized in previous section by this method as follows

[Req.1] Satisfied.
[Req.2] Any number of RBs assigned to a UE can be distributed over the system band by RB resolution.

[Req.3] Any combination of the RB allocation within each RBG are possible. RBG created by approach 1 allocation can be filled by scheduling assignment to minimum 2 UEs.

[Req.4] Approximately, assuming there are NRBG RBGs with RBG size of NRBpRBG , bitmap in this approach can present  
[image: image2.wmf]RBG

N

2

combinations of RB allocation to each UE. Among those, 
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 combinations are already supportable by approach 1. Therefore 
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combinations are unique to approach 2. For example, 504 combinations among 512 possible combinations are unique to approach 2 in this method when there are 27 RBs are grouped with RBG size = 3 RBs.
[Q.1] Not satisfied.
(2) Bitmap over sub-sampled RBs

In this method, every n-th RBs construct n RB subsets with different RB offsets 0, 1, … , n-1, where n is equal to the RBG size. Figure 1 illustrates this structure when RBG size = 3 RBs. Application of approach 1, or one of the subsets for approach 2 can be indicated by header information which length may be 1~3 bits.
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Figure 2     Example of bitmap over sub-sampled RBs
We discuss the fulfilment of required properties summarized in previous section by this method as follows

[Req.1] Not satisfied.
[Req.2] Any number of RBs assigned to a UE can be distributed over the system band by RB resolution.

[Req.3] This approach always requires scheduling NRBpRBG  UEs within an RBG to fill out an RBG hole created by approach 2, which is a similar characteristic with UE pairing in DVRB allocation.

[Req.4] No RB allocation combination with this approach is overlapped with approach 1. Approximately, assuming there are NRBG RBGs with RBG size of NRBpRBG , bitmap in this approach can present  
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unique combinations. For example, 512 unique combinations are supported when there are 27 RBs are grouped with RBG size = 3 RBs.

[Q.1] Not satisfied.

(3) Tree allocation over subbands
In this method, whole system band is divided by multiple subbands and RB allocation for each subband is indicated by nodes of tree structure as shown in figure 4, where RB allocations for multiple subbands can be indicated at the same time. Figure 4 (a), (b), (c) and (d) are examples of applying different tree structures shown in figure 3.
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Figure 3      examples of basic tree structures
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Figure 4     Examples of tree allocation over subbands
We discuss the fulfilment of required properties summarized in previous section by this method as follows

[Req.1] Partially satisfied depending on the tree structure. For example, structure in figure 3 (b) or (c) or (d) can support 2 or 3 consecutive RBs allocation while traditional binary structure in figure 3 (a) can support only 2 consecutive RBs allocation.

[Req.2] Diversity order depends on the number of subbands. Following up the analysis in [3], maximum 3 subbands are supported, for e.g. 5 MHz system bandwidth. Maximum 2 subbands are supported for smaller system bandwidths.

[Req.3] Depending on the combination of tree structures (e.g. shown in figure 3) and system bandwidths, minimum number of UEs to fill out an RBG can be 2 or 3.

[Req.4] The number of supportable RB allocations and number of RB allocations unique to approach 2 depend on the combination of tree structures and system bandwidths. Figure 5 (a) and (b) show a simple example when 16 RBs in a subband are grouped with RBG size = 2 RBs, where red circles indicate RB allocations overlapped with approach 1.
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Figure 5     Overlap between tree allocation and RBG allocation
[Q.1] Partially satisfied depending on the combination of tree structures and system bandwidths.

(4) Extended tree allocation over subbands

In this method, whole system band is divided by multiple subbands and RB allocation for each subband is indicated by combination of starting RB and number of consecutively assigned RBs, where RB allocations for multiple subbands can be indicated at the same time.

We discuss the fulfilment of required properties summarized in previous section by this method as follows

[Req.1] Satisfied.

[Req.2] Diversity order depends on the number of subbands. Following up the analysis in [3], maximum 2 subbands are supported for any system bandwidths up to 20 MHz.
[Req.3] All the RB allocation combinations within each RBG are possible. RBG created by approach 1 allocation can be filled by scheduling assignment to minimum 2 UEs.
[Req.4] Approximately, assuming there are 
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 groups in a subband, this approach can present 
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 combinations of RB allocation to each UE within a subband. Among those, 
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 combinations are overlapped with approach 1 within a subband. For example, when there are 13 RBs divided by 5 RBGs in a subband, 91 combinations, among which 15 combinations are overlapped with approach 1, are supported in a subband. However, resultant allocation combinations depend on the supportable number of subbands.
[Q.1] Satisfied.

5. Conclusions

Based on those comparisons, we see general merits of ‘bitmap over sub-sampled RBGs’ over other methods. Therefore we suggest employing this method as resource allocation approach 2 for E-UTRA downlink. 
In addition to that, ‘extended tree allocation over subbands’ or ‘bitmap over subbands (not specified in this paper, but intuitively simple)’ may be employed for further scheduling flexibility since they are common approaches with approaches already employed for downlink resource allocation and the implications are simple.
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