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1. Introduction 
In Release-11, ePDCCH has been specified with the following motivations [7]:

· able to support increased control channel capacity

· able to support frequency-domain ICIC

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Additional desirable characteristics include the ability to be scheduled frequency-selectively.

Although most of these above motivations are to a certain degree met by the current ePDCCH channel, but, it has also created a new issue of resource fragmentation [2-6] in some cases which affects the downlink system performance in terms of spectral efficiency. 

In this contribution, we discuss the issue of resource fragmentation caused by ePDCCH sets intended for multiple UEs. 
2. Resource fragmentation caused by ePDCCH sets for multiple UEs
In Release-11, it has been specified that a UE can be configured to one or two EPDCCH-PRB-sets for EPDCCH monitoring by higher layer signalling (note in this contribution, ‘set’ will be used as shorthand for ‘EPDCCH-PRB-set’ and ‘PRB’ as a PRB-pair).  The size of a set is also higher layer configured which can be either 2 or 4 or 8 PRBs.
In principle, each UE can be allocated for both localised and distributed ePDCCH sets anywhere in the system bandwidth to give greater flexibility for the eNB scheduler. This would mean that ePDCCH region for different UEs can be allocated in different parts of the system bandwidth. In Release-11, it was pointed out that in case Type 0 resource allocations is applied for PDSCH and ePDCCH does not occupy the whole RBG size, the remaining RBs not assigned for ePDCCH within that RBG cannot be used for PDSCH of any UE using Type 0 resource allocation, creating fragmented resources in the system. However, it has been agreed in RAN1#70 that “when a UE detects its DL assignment defining a PDSCH allocation which overlaps with the PRB pair(s) containing its DL assignment, the UE shall assume that the PDSCH scheduled by its DL assignment is rate-matched around the PRB pair(s) containing its DL assignment. In addition, the UE shall assume that the PDSCH scheduled by its DL assignment is not mapped to that PRB pair(s) containing its DL assignment on any layer”.  The fact is that if one RBG contains only DL assignment for one UE, the above agreement works well for both Type 0 and 2 resource allocation schemes. 
However, the issue is that the above agreement is not sufficient at least in the following cases:

· In case both DL and UL assignments of a UE are present in the same RBG as shown in Figure 1 below, PDSCH cannot be assigned in that RBG for the same UE using Type 0 resource allocation scheme because the misdetection of UL grant would cause HARQ buffer corruption if PDSCH for the UE was allocated within that RBG. However, it may be argued that the probability of UL grant misdetection may be negligible if UE could detect the DL grant in the same RBG of the subframe. However, the DL and UL grants could have different coding rates leading to different detection probability. Even if probability of UL misdetection is negligible, the current agreement only covers the DL assignment, and the rate-matching behaviour is not defined when UE detects both DL and UL assignments in the same RBG.  
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Figure 1. Example of localised ePDCCH set with DL and UL assignments for a single UE.
· In case one RBG contains ePDCCHs intended to more than one UE in a subframe as shown in Figure 2 below, it is not possible to assign any remaining RBs in the RBG to any UEs using Type 0 resource allocation scheme because each UE does not know the existence of ePDCCH assignments of the other UE(s). Hence, this creates resource holes in the system bandwidth that are not possible to be assigned for any UE using PDSCH using Type 0 resource allocation scheme. This could waste a significant amount of resource in the system bandwidth that would affect the downlink system performance in terms of spectral efficiency.
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       Figure 2. Example of distributed EPDCCH sets for multiple UEs.

In RAN1#72, it has been commented online that these resource holes or any remaining resources can be applied for ePDCCH interference coordination between neighbouring cells. We agree it could be an important use case. However, even if remaining resources in the RBGs are fully or partially utilised for interference coordination, the issue of resource fragmentation will still exist. For example consider the following HetNet scenario (macro cell + small cells) with the following assumptions:

· ePDCCH coordination is done via backhaul. This means that EPDCCH resources for interference coordination are semi-statically configured for the Macro cell and its UEs as well as small cell and its UEs.
· One RBG contains EPDCCHs for macro cell and small cell as shown Figure 3a below.
· 8RBGs are allocated in total for EPDCCHs of the Macro cell and small cell for interference coordination purpose.
· 16PRB-pairs for the Macro cell and 16PRB-pairs for the small cell assuming 20MHz bandwidth.
[image: image3.emf]Macro cell EPDCCH

Small cell EPDCCH

RBG

Small cell EPDCCH

Macro cell EPDCCH

Empty


Figure 3a. Example of possible interference coordination for distributed ePDCCH in 20MHz.

If we now closely look at how EPDCCH resources are utilized in different subframes. As shown on Figure 3b, assume 16PRB-pairs in total for the Macro cell as earlier and two sets S1 and S2 are configured where each set is 8PRB-pairs. The eNB scheduler is dynamic for scheduling on TTI basis. It means that resources used for ePDCCH is also changing dynamically where some UEs are scheduled for their respective ePDCCH resources and some other UEs are not scheduled in this subframe. As shown on Figure 3b, in this example, all the ePDCCH resources for the macro are utilised at subframe n, while in subframe n+1, set S2 is completely vacated. The resources vacated by EPDCCH can be left empty in some subframes, but, there is a greater need to use all the available resources for PDSCH transmission as long as there are UEs waiting to receive PDSCH. 
If resources vacated by the ePDCCH cannot be allocated by Type 0, some valuable resources are wasted. Note here that the resources vacated by Macro’s EPDCCH cannot be immediately used for small cell’s EPDCCH for interference coordination as EPDCCH resources are semi-statically configured for the UEs in the small cell.
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Figure 3b. Example of possible interference coordination for distributed ePDCCH in 20MHz.

Observation 1: There are cases in which the benefit of interference coordination cannot be achieved by utilizing fragmented resources.

3. Conclusion 

In this contribution, we discussed the issue of PDSCH resource fragmentation caused by ePDCCH sets. We pointed out that the current Rel-11 specification is not sufficient to address the issue of resource fragmentation in case both DL and UL assignments of a UE are present in the same RBG and also in case one RBG contains ePDCCHs intended to more than one UE in a subframe. At least in these cases, it is not possible to assign any remaining RBs in that RBG to any UEs using Type 0 resource allocation scheme. It is also discussed the ePDCCH interference coordination in HetNet scenario to resolve the resource fragmentation issue.

We have the following observation and proposal:
Observation 1: There are cases in which the benefit of interference coordination cannot be achieved by utilizing fragmented resources.

Proposal 1: Study further the issue of resource fragmentation caused by ePDCCH sets.
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