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1. Introduction 
In LTE Rel-11, Enhanced PDCCH (E-PDCCH) is one of the new features, which needs to be supported. The main idea is to support E-PDCCH transmission in legacy PDSCH region, and therefore, increase the overall PDCCH capacity and satisfy all other new requirements such as inter-cell interference coordination for PDCCH, new type of carriers and MTC type of communication. It is common understanding that E-PDCCH should at least support enhanced UE-specific control channels. For the common control channel, it is still debatable whether it should be supported in E-PDCCH and if yes, how to support this. 
In RAN1 68 meeting, some discussion on whether common control channel should be supported in E-PDCCH were conducted at the meeting, and some pros and cons of supporting common control channel in E-PDCCH are summerized. Email discussion is continued focusing on the following aspects
· clarify potential requirements for common search space (CSS)
· clarify the relevant scenarios and aim for common understanding of gain/pain in relevant scenarios

· aim for consensus on whether CSS needs to be supported on E-PDCCH. 

In this paper, some scenarios that common control channel may need to be supported in E-PDCCH are discussed and some options on how to support common control channel in E-PDCCH are presented.
2. Common Control Channel in E-PDCCH
2.1. Scenarios that common control channel needs to be supported in E-PDCCH 
In legacy control region, there has been defined Common search space (CSS) and UE-specific search space (USS) that a Rel-8/9/10 UE is expected to monitor to detect PDCCH. With the introduction of enhanced control channels in the data region, another set of CSS and USS can be defined for E-PDCCH. In Table 1 below, the CSS and USS combinations that a UE is expected to monitor are shown for various operating scenarios. This table shows that there are multiple scenarios that need common search space for E-PDCCH in the data region.

Table 1. Common search space (CSS) and UE-specific search space (USS) combinations that a UE is expected to monitor

	
	
	Legacy Control Region (for PDCCH)
	Data Region (for E-PDCCH)
	Scenario Description

	
	
	CSS
	USS
	CSS
	USS
	

	(a)
	Component carrier of new carrier type without legacy control region  


	No
	No
	No
	Yes
	New carrier is always associated with a legacy component carrier. The UE always obtain broadcast/multicast info from CSS of legacy component carrier.

	(b)
	
	No
	No
	Yes
	Yes
	The UE can obtain fall-back UE-specific info from CSS of new component carrier.

	(c)
	Carrier has legacy control region 
	Yes
	Yes
	No
	No
	· For Rel-8/9/10 UE, or

· when Rel-11 UE first powers up, or 

· when Rel-11 UE is not configured with E-PDCCH

	(d)
	
	No
	No
	Yes
	Yes
	For the scenario where Rel-11 UE is configured to receive E-PDCCH only due to, e.g., high inter-cell interference in HetNet or to support low-cost MTC UE

	(e)
	
	Yes
	No
	No
	Yes
	For the scenario where Rel-11 UE is configured to detect E-PDCCH only for UE-specific info

	(f)
	
	Yes
	Yes
	No
	Yes
	Split number of blind decodings of UE-specific info between PDCCH and E-PDCCH according to, e.g., DCI size; Use CSS in legacy control region for fall-back of UE-specific info

	(g)
	
	Yes
	No
	Yes
	Yes
	Use CSS in legacy control region for broadcast/multicast info; Use CSS in data region for fall-back of UE-specific info

	(h)
	
	Yes
	Yes
	Yes
	Yes
	Split number of blind decodings of UE-specific info between PDCCH and E-PDCCH according to, e.g., DCI size; Use CSS in legacy control region for broadcast/multicast info; Use CSS in data region for fall-back of UE-specific info


It should be noted that while these combinations show what an individual UE is expected to monitor under various scenarios and design considerations, it does not mean that all other UEs monitor the same combinations for a given subframe. It would be preferrable to make the support of common control channel in E-PDCCH configurable and such configuration may be UE-specific. 
Since the CSS is shared by multiple UEs, it needs to reside in a predefined common resource area. Over the common resource area, other downlink channels such as E-PCFICH and E-PHICH may be multiplexed in as well since these channels bear some commonalities such as they are intended for multiple UEs.
Proposals:
Common control channels should be supported in E-PDCCH. The support of common control channel in E-PDCCH could be configurable. The support of other control channels such as E-PCFICH and E-PHICH could also be considered.
2.2. Support Common Search Space in E-PDCCH

For subframes that have legacy control region, the common search space of E-PDCCH can either start right after the legacy control region,  or it can always start at a preconfigured OFDM symbol such as OFDM symbol #3 so that UEs can skip detecting  PCFICH.
As shown in Table 1, both common search space and UE-specific search space need to be defined over E-PDCCH for several scenarios.  As shown in Figure 1, there are three options in defining the resources for common search space vs UE-specific search space for a given UE.  For simplicity, in Figure 1, only one UE-specific search space is shown for one UE, while it is understood that multiple UE-specific search regions  would exisit in a subframe when multiple UEs are served in the same subframe. For example, some UEs are configured to search on a local E-PDCCH transmission region while others are configured to search on a distributed E-PDCCH transmission region. 
· Option 1: As illustrated in Figure 1 (a), the resources for the common search space in E-PDCCH do not overlap with that for UE specific search space.  In other words, separate resources (e.g. PRBs) are allocated for common and UE specific search spaces. In this case, two E-PDCCH regions are defined and a UE searches each region for common and UE-specific DCIs. The benefit of this option is that UE-specific DCI detection could be simpler, i.e. only one E-PDCCH region needs to be monitored.  The drawback is that if the resource allocation for the common search space is predefined or semi-statically allocated, some of the resources may be wasted if there is no common DCI to send.
· Option 2: As illustrated in Figure 1 (b), the resources for the common search space in E-PDCCH may overlap with that for UE specific search space.   In this case, a single E-PDCCH region is defined for both search space types.  In this case, better resource utilization could be achieved for the common search space. However, if DCIs are cross interleaved and the PRBs are predefined or semi-statically signalled, overhead could arise if few DCIs need to be sent. In terms of performance, frequency selective scheduling of a UE-specific E-PDCCH is not possible to leverage the varying channel condition of different UEs and benefit from the transmission gain such as beamforming. However, this is appropriate for UEs that desire transmit diversity, e.g., when the eNodeB does not have accurate CSI such as when UE has high mobility.
· Option 3: As illustrated in Figure 1 (c), two E-PDCCH regions may be present in a subframe, one for localized transmission which is exclusively for UE specific search space,  and a distributed region shared by both common search space and UE specific search space.  A UE would need to search UE specific DCIs in both the regions. In this case, better resource utilization is expected comparing with options 1 and 2 even with semi-static resource allocation for the common search space, but at the cost of increased UE implementation complexity. 


[image: image1]
Figure 1: Possible options for common and UE specific search space resource allocation: (a) separated resources; (b) common resource; (c) both separated and common resources
In all cases, the resource for the common search space in the E-PDCCH  is predefined and known to all UEs. In case of option 1,  there would be two E-PDCCH regions in a subframe, one with distributed transmission where DCIs may be cross-interleaved and the other with localized transmission where DCIs are not cross interleaved. The distributed transmission region would be exclusively for the common search space, where multiple DCIs may be cross interleaved. The PRBs for the distributed transmission region would be either predefined or signalled through E-PCFICH.   The UE specific search space would be exclusively in the localized transmission region.  Depending on the multiplexing method for DCI, different DCIs in the  could be multiplexed in either PRB/PRB pair level or  sub-PRB/PRB pair level. 
In the case of option 2,  only one E-PDCCH region with distributed transmission would be present in a subframe. The region could be predefined or signalled through E-PCFICH.  All DCIs would be cross interleaved.  In this case,  the common search space would occupy a known subset of  the  total resources and the resources for common search space could  overlap with UE specific search space.  
In case of option 3,  the distributed region would also be shared by the common search space and UE specific search space.  The resource for the common search space would be predefined.  For this option, the resources for common search space and EU-specific search space could have overlap. The assignment of common control channel could have priority over those of UE-specific search space. The basic control channel unit could be either REG based on eCCE based. The eCCEs could be interleaved to provide more diversity.  The interleaved eCCEs could be allocated to distributed physical resources spreading across the whole or part of the  system bandwidth to gain more frequency diversity, 
Proposals:

The resource for common control channel transmission in E-PDCCH could be allocated separately from those for UE-specific control channel, or they could have   overlap on the same set of resources. 
3. Conclusions

In this contrition, several scenarios that common control channels needs to be supported in E-PDCCH are discussed. It is believed that supporting common control channel in E-PDCCH is needed and could be configurable. Some options on how to allocate resources for common control channel transmission in E-PDCCH are also presented. 
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