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1. Introduction 
In principle, for frequency selective scheduling, UE will be allocated to some of its best resource blocks (RBs) for both PDSCH and ePDCCH based on CSI reported by the UE. This means that the ePDCCH region will be allocated in UE-specific manner at least for localized allocations, resulting in ePDCCH regions for different UEs being reserved in different locations of the system bandwidth. In addition, it has been agreed in RAN1#68 that multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted. So, in order to utilize the resources efficiently, any unused PRBs in the ePDCCH region should be reused for PDSCH transmission.    
However, there are issues with the current resource allocation schemes. Firstly, when PDSCH resource allocation Type 0 is applied to the UE and ePDCCH occupies a number of RBs less than the RBG size of the system bandwidth, the remaining RBs not assigned for ePDCCH within that RBG can not be used for PDSCH of the same UE creating holes or fragmented resources in the system. 
Secondly, regarding PDSCH resource allocation Type 2, when UE is allocated to contiguous RBs and ePDCCHs for both DL and UL grants of the same UE are located within those contiguous RBs (i.e. PDSCH overlaps with actual ePDCCH resources) and if UE fails to detect the UL grant, it will result in UE unable to decode PDSCH as well as corrupting the DL HARQ buffer. 
Thirdly, if resource allocation Type 1 is employed to fill the holes created by ePDCCHs of different UEs, it can not handle the fragmented resources because it can only assign PDSCH to a subset of distributed RBGs which adds unnecessary scheduling restrictions to the system, especially for frequency selective scheduling. 
These issues have been discussed also in some other contributions in RAN1#69 [2-4].
Further more, we think that the issues discussed above of resource fragmentation and how to reuse the unused PRB pairs in the ePDCCH region are mainly associated with the following cases for ePDCCH PRB-pairs indications:
a) Dynamic ePDCCH PRB-pairs indication with implicit signaling based on CSI reports: As each UE’s best sub-bands for ePDCCH allocation may locate in different sub-bands in the system bandwidth, it will create fragmented resources and prevents large allocations for the PDSCH transmission.
b) RRC signaling for ePDCCH PRB-pairs indication: If ePDCCH region is distributed in the system bandwidth, it will also create fragmented resources in the system and prevents large allocations for the PDSCH transmission. 
In other cases where explicit and dynamic ePDCCH PRB indication solution is adopted for Rel-11 such as signalling through PDCCH or ePCFICH, the above discussed issues do no happen. Because in every subframe, eNB can schedule PDSCH on any PRB-pairs except for the ones used for ePDCCH transmission using existing resources allocation types and as UE knows the PRB-pairs that are currently used for ePDCCH transmission, it can skip them when decoding PDSCH.
The details of the cases a), b), and other cases are described in our accompanying contribution [5]. 

Therefore, in this contribution, we provide some solutions how to provide more flexibility for the eNB scheduler in terms of resource allocation schemes so that fragmented resources and any unused ePDCCH resources can be efficiently utilised for the same UE or different UEs for the cases of dynamic ePDCCH PRB-pairs indication with implicit signaling based on CSI reports and RRC signaling for ePDCCH PRB-pairs indication.
2. Enhanced PDSCH Resource allocation Type 0 and 2 
Enhanced PDSCH Resource allocation of Type 0:  In legacy PDSCH resource allocation of Type 0, resource block assignment information includes a bitmap indicating the resource block groups (RBGs) that are allocated to the scheduled UE. The RBG is allocated for the UE if the corresponding bit value in the bitmap is 1; the RBG is not allocated to the UE otherwise.  However, when Type 0 is utilised for the UE where PDSCH overlaps with ePDCCH, and ePDCCH occupies a number of RBs less than the RBG size of the system bandwidth, the remaining RBs not assigned for ePDCCH within RBG can not be used for PDSCH for the same UE resulting fragmented resources. Figure 1 below shows an example of PDSCH allocation which overlaps with ePDCCH region for the same and other UE. A possible solution to this issue is to enhance PDSCH resource allocation Type 0 where eNB signals supplementary information to the UE to indicate which VRBs should be excluded from the PDSCH resource allocation Type 0 because they contain ePDCCH transmissions. Then, UE combines the supplementary information with its PDSCH resource allocation Type 0 in order to work out its actual resource allocation. In this case, the PDSCH enhanced resource allocation Type 0 consists two parts. Part-1 uses the legacy PDSCH resource allocation Type 0 to indicate dis-contiguous resource allocation at RBG level. Part-2 contains the supplementary information which is a bit-map of a single VRB in a selected RBG sets. The selected RBG sets of Part-2 are formed by the overlapping RBGs indicated by Part 1 and the RBGs of the ePDCCH region. MSB to LSB of the bitmap of part-2 are mapped to the VRBs  in increasing frequency order. The VRB is allocated to the PDSCH for a given UE if the corresponding bit value in the bitmap field is 1; otherwise the VRB is allocated to the ePDCCH for the same UE or different UE. The ePDCCH region is the set of PRB pairs in which ePDCCH may be transmitted and can be configured dynamically or semi-statically for the UE.
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       Figure 1 : Example of enhanced PDSCH resource allocation Type 0
Enhanced PDSCH Resource allocation of Type 2: Legacy PDSCH resource allocation Type 2 field consists of a resource indication value (RIV) corresponding to a starting resource block (
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. However, there is an issue for PDSCH resource allocation Type 2 when UE is allocated for contiguous VRBs and ePDCCHs for both DL and UL grants for the same UE are assigned within those contiguous VRBs and if UE can not detect the UL grant it will result UE not able to decode PDSCH as well as corrupting the DL HARQ buffer. A similar solution to Type 0 can be envisioned where eNB signals supplementary information to the UE to indicate which VRBs should be excluded from the PDSCH resource allocation Type 2 because they contain ePDCCH transmissions. Then, UE combines the supplementary information with its PDSCH resource allocation Type 2 in order to work out its actual resource allocation. The enhanced PDSCH resource allocation Type 2 has two parts. Part-1 uses the legacy resource allocation Type 2 and Part-2 contains the supplementary information which is selected RBG sets where ePDCCH region overlaps with PDSCH indicated by Part 1. An example of this method is shown in Figure 2 below.  Part-2 is a bit-map scheme of the selected RBG sets where each bit of the bitmap indicates a single VRB in the selected RBG sets in such a way that MSB to LSB of the bitmap are mapped to the VRBs in increasing frequency order. The VRB is allocated to the PDSCH for a given UE if the corresponding bit value in the bitmap field is 1; otherwise the VRB is allocated to the ePDCCH for the same UE or different UE. The ePDCCH region is the set of PRB pairs in which ePDCCH may be transmitted and can be configured dynamically or semi-statically for the UE.

Location of the supplementary information (i.e. Part-2) and number of bits: There are different options how to signal Part-2 to the UE as follows:

· Option-1: ePDCCH DCI formats: For both Type 0 and 2, Part-2 can be placed in the DCI format as a part of the resource allocation scheme in a UE specific manner when ePDCCH is configured. The number of bits should be less than or equal to the size of ePDCCH region in terms of number of VRBs. For example Part-2 bits for 10MHz bandwidth can be one of {2bits, 4bits, 8bits}. If the number of supplementary information bits is equal to the number of VRBs in the ePDCCH region, any PDSCH resource allocation is possible without any scheduling restrictions. However, if the number of supplementary information bits is less than the number of VRBs in the ePDCCH region, the scheduler has to make some restrictions on the PDSCH allocation so that the overlap between the PDSCH resources and the ePDCCH region is limitted to the number of supplementary information bits supported by the system bandwidth.
· Option 2: ePCFICH or new DCI format: Part-2 can be signaled dynamically in the ePCFICH if it is agreed or in a new DCI format and it is common to all UEs or group of UEs. The supplementary information (Part-2) will indicate dynamically the actual occupied VRBs by the ePDCCHs for all UEs from the set of VRBs pre-allocated for the ePDCCH region. In this case, the size of Part-2 bits will be equal to the size of ePDCCH region in terms of number VRBs, e.g. {8bits, 12bits, 16bits}. The ePDCCH region is reserved in advance to the UEs via RRC signalling (i.e. semi-static). 
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            Figure 2 : Example of enhanced PDSCH resource allocation Type 2
3. Enhanced Resource allocation Type 1 
Legacy PDSCH Resource allocation Type 1: The legacy PDSCH resource allocation Type 1 applies one bit for one VRB in which the applicable VRBs are subsets of RBGs selected from the system bandwidth in distributed manner (i.e. sub-sampling of the RBGs in the system bandwidth) as shown Figure 3a or b. PDSCH resource allocation Type 1 can not handle contiguous VRBs of more than one RBG (i.e. it can only handle distributed VRBs to achieve frequency diversity gain), hence, its application for frequency selective scheduling is very limited. In detail as shown on Figure 3a and b respectively, PDSCH resource allocation Type 1 has the following fields [1]:
· The first field with ceil(log2P) bits is used to indicate the selected RBG subset among  RBG subsets.
· The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1 indicates shift is triggered to the right (Right justified). Otherwise shift is triggered to the left (Left justified).
· The third field includes a bitmap, where each bit of the bitmap addresses a single VRB in the selected RBG subset. The size of this field is 
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                     Figure 3. Legacy PDSCH resource allocation Type 1 in 20MHz bandwidth

Enhanced PDSCH Resource allocation Type 1:  One possible way of overcoming the issue of resource fragmentation as a result of allocating PDSCH around the ePDCCH channel for any UE is to have a finer VRB granularity of resource allocation mechanism (i.e. one VRB resolution) that can handle both contiguous and non-contiguous resource allocations, and applicable to frequency selective scheduling. This can be implemented by modifying the PDSCH resource allocation Type 1 to cover contiguous VRB-level resolution without changing the size of the information bit from that of legacy PDSCH resource allocation Type 1 as follows:
· Default: Distributed subset RBG (i.e. sub-sampling) same as current legacy PDSCH resource allocation Type Type 1 intended to achieve frequency diversity gain, for example, for high mobility UEs or cell edge UEs.

· RRC signaling in semi-static manner to change the default allocation to cover contiguous resources with one VRB resolution as shown on Figure 4 below. The purpose is to achieve frequency selective scheduling and also tackle the issue of resource fragmentation. The existing fields of legacy Type 1 could be reused differently as follows:

· The first field with ceil(log2P) bits is used to indicate a selection of one out of P partitions of the system bandwidth where each bandwidth part contains contiguous RBs with one RB resolution. 

· The second field with one bit is used to indicate a shift of the resource allocation span within the selected bandwidth partition. A bit value of 1 indicates shift is triggered to the right (Right justified), otherwise shift is triggered to the left (Left justified).

· The third field includes a bitmap, where each bit of the bitmap addresses a single VRB in the selected bandwidth part.  The size of this field is 
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  Figure 4. Example of enhanced resource allocation Type 1 in 20MHz BW with four partitions.
4. Conclusion 

In this contribution, we have discussed solutions to provide more flexibility for the eNB scheduler in terms of resource allocation schemes so that fragmented resources can be efficiently utilized for the same UE or different UEs.  

Proposal: Consider enhanced PDSCH resource allocation schemes for Release-11 to deal with the issue of fragmented resources if the following cases are agreed for ePDCCH PRB-pairs indication:

a) Dynamic ePDCCH PRB-pairs indication with implicit signaling based on CSI reports
b) RRC signaling for ePDCCH PRB-pairs indication 
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