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1. Introduction
In RAN1 #68, there was discussion about the support of common search space and the pros and cons to support it in ePDCCH were described as follows.
Summary of arguments claimed pro/con CSS on ePDCCH:

	Pro CSS on ePDCCH
	Con CSS on ePDCCH

	Het Net (if ABS is not configured?)
	Duplication of overhead

	Increased CSS capacity
	Need for fallback during reconfigurations (could equally well be handled by ePDCCH)

	Coverage extension for CSS
	Complexity (specifications / UE implementation)

	Reduced CRS-based channel estimation
	

	New scenarios e.g. low BW MTC devices
	


However, no agreement is made due to the lack of consensus and further discussion will be resumed in RAN1 #68bis.  In this paper, we provide our views regarding to whether to support common search space and how to support UE-specific search in ePDCCH.


2. Discussion
2.1  Support of Common Search Space
In RAN1 #68, the pros and cons for the support of common search space in ePDCCH were discussed and listed.  From the pros raised, the main considered application scenarios are eICIC in HetNet, CoMP scenario 4 and low-cost MTC.  From the cons raised, the main considered drawbacks are the issues of overhead and possible complexity introduced to a UE.  Further discussion is revisited for each listed pros and cons to see whether it is beneficial to support common search space in ePDCCH.

In eICIC, there are ABSs in macrocell to mitigate the intercell interference from the macrocell to the overlapping picocells.  However, due to the legacy transmission of CRS in ABSs, the interference level in PDCCH for picocell remains high and thus the performance of DCI decoding in common search space may be seriously impacted.  Though supporting common search space in ePDCCH in picocells for the subframes which are ABSs in macrocell is helpful to the performance, interference cancellation on CRS (currently discussed in RAN4) can already provide good performance for this application scenario.  Therefore, from our views, the benefits for the use of eICIC in HetNet are not clear.
In CoMP scenario 4, all transmission points inside the coverage of a macrocell share the same cell ID and the transmitted physical signals of PDCCH from different transmission point are the same so the capacity of PDCCH is seriously impacted.  If the common search space is supported in ePDCCH, the capacity of the common search space can be further increased if different antenna ports or scrambling sequences of DRS for ePDCCH are applied to different transmission points.  Therefore, from our views, this point is valid if it is allowed to configure different antenna ports or scrambling sequences to different UEs in the same cell.
In low-cost MTC, since it is required for MTC devices to coexist with regular UEs in the same channel bandwidth, new control channel will be needed if the channel bandwidth for MTC is decided to be narrow band.  To avoid duplicate efforts, the design of ePDCCH is preferred to provide forward compatibility for MTC application.  In this case, common search space should be supported in ePDCCH.

For the point of reduced CRS-based channel estimation in pros, supporting common search space only in ePDCCH does not necessarily result in reduced CRS-based channel estimation because UEs configured to utilize ePDCCH still needs to decode PCFICH and PHICH for the size of legacy control region and HARQ-ACK information for uplink data transmission, respectively, and the decoding of both requires CRS-based channel estimation.  Therefore, from our views, this point is not valid unless the UEs can obtain the size information of legacy control region from higher-layer signaling and the transmission of HARQ-ACK information is supported in ePDCCH as well.
For the point of duplicated control information in the common search space in cons, it may be avoided if there are no legacy UEs in the subframe where common search space is supported in ePDCCH.  However, this requires additional signaling scheme to notify UEs in which subframes common search is supported in ePDCCH.  Therefore, from our views, the overhead issue may be mitigated by smart scheduling but it requires additional signaling scheme.
For the point of complexity in cons, the excessive increase of blind decodings for UEs configured to utilize ePDCCH can be avoided if UEs blindly decods DCI in both common and UE-specific search spaces in ePDCCH only.  However, the support of common search space in ePDCCH also removes the possibility of early DCI decoding in common search space in legacy PDCCH so UE has to blindly decod DCI in both common and UE-specific search spaces, instead of UE-specific search space only, in ePDCCH.  Thus, it results in shorter remaining processing time for HARQ-ACK to the received TB of data.  Therefore, from our views, it may introduce higher UE complexity if no further limitation to the data transport block size is considered together with the support of common search space in ePDCCH.
From above discussion, the benefits to support common search space in ePDCCH, from our views, mainly come from the needs of increased control channel capacity and new control channel for the support of CoMP scenario 4 and low-cost MTC.  For CoMP scenario 4, there is no clear analysis yet regarding to whether more control capacity in the common search space, in addition to legacy PDCCH, for the broadcast information (such as system information, paging, RACH response) is needed so the true benefits to CoMP scenario 4 is not very clear.  For low-cost MTC, it will not be introduced in R11 so the only consideration to have common search space in ePDCCH from this perspective is the forward compatibility.  However, there are benefits to have keep the common search space in PDCCH from the perspectives of remaining processing time for HARQ-ACK and control overhead.  Therefore, from our views, unless there are clear and significant benefits to support common search space in ePDCCH, the baseline is to support UE-specific search space only in ePDCCH.  Therefoere, we propose:

Proposal #1:  Unless there are clear and significant benefits to support common search space in ePDCCH, the support of only UE-specific search space in ePDCCH should be the baseline in Release 11.
2.2  Support of UE-specific Search Space
In ePDCCH, there are two kinds of transmission schemes – 1) distributed transmission scheme; 2) localized transmission scheme.  To support UE-specific search space, there are two alternatives due to different combinations.
Alternative #1:  Support UE-specific search space with either distributed or localized ePDCCH

· The radio resources of the control region for ePDCCHs can be signaled through higher-layer signaling

· Higher-layer signaling can be utilized to switch between distributed and localized ePDCCH
· Pros:

· Unlike legacy PDCCH, the control region for ePDCCHs can be UE-specific so the size of each UE’s search space can be smaller without serious impact on blocking rate and thus the number of blind decoding candidates can be smaller for shorter ePDCCH decoding time as well

· Lower complexity for ePDCCH decodings
· Cons:

· Not able to support dynamic swtiching between distributed and localized ePDCCHs based on the channel condition
Alternative #2:  Support UE-specific search space with both distributed and localized ePDCCH

· The radio resources of the control region for ePDCCHs can be signaled through higher-layer signaling

· The split of radio resources for distributed and localized ePDCCH can be either predefined or through higher-layer signaling
· Pros:
· Unlike legacy PDCCH, the control region for ePDCCHs can be UE-specific so the size of each UE’s search space can be smaller without serious impact on blocking rate and thus the number of blind decoding candidates can be smaller for shorter ePDCCH decoding time as well
· Enable dynamic switching between distributed and localized ePDCCHs based on the channel condition
· Cons:
· Higher complexity for ePDCCH decodings, especially when the MIMO schemes applied for distributed and localized ePDCCH are different
From the perspectives of robustness, Alt. 2 is better than Alt. 1 because the ePDCCH for a specific UE can dynamically fallback to the distributed transmission scheme when its channel suddenly suffers from serious interference or degradation.  The complexity issue for ePDCCH decodings in Alt. 2 can also be resolved by applying the similar MIMO schemes (for example, open-loop random beamforming for distributed ePDCCH and closed-loop beamforming for localized ePDCCH).  Therefore, from our views, Alt. 2 is preferred if there is no excessive increase in UE complexity, such as different MIMO schemes applied in distributed and localized ePDCCH and more blind decoding candidates introduced; otherwise, Alt. 1 is slightly preferred.
Proposal #2:  Without excessive increase in UE complexity, such as different MIMO transmission schemes applied in distributed and localized ePDCCH and/or more blind decoding candidates introduced, UE-specific search space is composed of radio resources from both distributed and localized ePDCCH if the UE is configured to utilize localized ePDCCH; otherwise, UE-specific search space is composed of radio resources from either distributed or localized ePDCCH based on RRC configuration.


2 Conclusion

In this paper, we provide our views on the search space design in ePDCCH.  The proposals are summarized as follows.
Proposal #1:  Unless there are clear and significant benefits to support common search space in ePDCCH, the support of only UE-specific search space in ePDCCH should be the baseline in Release 11.
Proposal #2:  Without excessive increase in UE complexity, such as different MIMO transmission schemes applied in distributed and localized ePDCCH and/or more blind decoding candidates introduced, UE-specific search space is composed of radio resources from both distributed and localized ePDCCH if the UE is configured to utilize localized ePDCCH; otherwise, UE-specific search space is composed of radio resources from either distributed or localized ePDCCH based on RRC configuration.






