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1. Introduction

Search space is an essential component of ePDCCH. Several aspects should be considered in ePDCCH search space design, including blind decoding attempts, capability to achieve beamforming and/or frequency selective scheduling gain, capability to achieve both frequency and spatial diversity gain and etc. This contribution gives some analysis on these aspects and gives performance evaluations of ePDCCH under different channel conditions based on the agreed simulation assumptions [1].
2. Aspects of Search Space Design
2.1 CCE to RE mapping 
Before search space design can go to more details, CCE to physical RE mapping needs to be discussed firstly.
CCE to RE mapping should consider both the scenario in which reliable CSI feedback is available and the scenario in which reliable CSI is not available, such as UE in high mobility, dynamic inter-cell interference caused by closed-loop beamforming, feedback error and etc. So ePDCCH should be able to utilize reliable CSI feedback to achieve frequency selective scheduling gain or closed loop beamforming gain and also be robust to poor channel conditions or the scenario that reliable CSI is unavailable. 
In PDSCH CSI report, the granularity of subband size for subband CSI reporting depends on the system bandwidth, e.g. for 10MHz system, the granularity is 6RBs. Since PDSCH is always assumed to occupy all the REs in the subband, the frequency selectivity within the subband is not reflected in the subband CQI. So the CSI feedback for PDSCH may not be the optimum CSI feedback for ePDCCH. However, considering the CSI reporting overhead especially when CA is configured, ePDCCH scheduling can be based on the same CSI as PDSCH. Table 1 lists the gains that can be achieved with different combinations of CCE to RE mapping scheme and CSI feedback modes. 
Table 1 Achievable gains for different combinations of CCE to RE mapping scheme and CSI feedback mode 
	CSI Feedback
CCE Mapping
	Reliable Subband CSI
	Reliable Wideband CSI
	Unreliable CSI

	Localized CCE to RE mapping
	Beamforming gain
Scheduling gain
	Beamforming gain
	

	Distributed CCE to RE mapping
	
	Beamforming gain
Frequency diversity gain
	Frequency/Spatial  diversity gain


In the example given in Fig.1, one REG (The REG terminology can be kept for better organizing the smallest resource unit but not all REG related schemes are necessarily needed) is constructed by the residual REs in one RB pair after localized CCE is mapped to one RB pair in order to avoid resource wastage; In another example given in Fig.2, several RBs are dedicated for distributed CCE to RE mapping for channel independent transmission and the remaining RBs are used for localized CCE generation. For a distributed CCE in Fig.1, its REG may be precoded by a precoder that is applied to the RB where the REG is located based on PMI feedback or sounding based CSI feedback. This effectively realizes random beamforming in the REGs of one distributed CCE. In Fig.2, random precoding vector can be applied in each RB by eNB to achieve random beamforming. eNB can prioritize the ePDCCH transmission in either localized CCE or distributed CCE depending on its judgement. 
Note that these examples only show ePDCCH transmission in one layer, it can also be extended to multi-layer ePDCCH transmission, where the same CCE to RE mapping process is maintained in each layer. 
Remark 1): Both localized CCE and distributed CCE candidates should be supported for different UEs.

Remark 2): Though the CSI feedback for PDSCH is not optimum for ePDCCH scheduling, ePDCCH and PDSCH may need to share the same CSI feedback due to CSI feedback overhead caused by additional feedback instance for ePDCCH.
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Fig.1, CCE to RE mapping example 1

           Fig.2, CCE to RE mapping example 2
2.2 CCE Indexing 
In Rel.8 PDCCH, each CCE is widely distributed across the bandwidth. There is not much difference on which CCE is used to carry a DCI. Two contiguous CCE indexes don’t mean the physical resources for those two CCEs are contiguous in frequency or time. 
In ePDCCH, it’s not clear at this stage whether two contiguous CCE indexes corresponding to two CCEs contiguous in the frequency domain. For example if localized CCE is indexed with an increasing order according to the frequency position, two contiguous localized CCE are also contiguous in the frequency domain. Then in order to achieve frequency selective scheduling gain for localized CCE, the blind decoding candidates for one aggregation level need to be mapped to localized CCEs that are far apart from each other in the frequency domain.
Remark 3): CCE indexing needs to be clarified firstly before designing the ePDCCH search space.
2.3 Number of blind decoding attempts
In the backward compatible carrier, eNB should serve both Rel.8/9/10 UE and Rel.11 UE. If Rel.11 UE needs to monitor both PDCCH and ePDCCH, the increased blind decoding attempts may introduce more complexity and increased false alarm rate. 
If number of blind decoding attempts needs to be maintained at the same level for Rel. 11 UE and Rel. 8/9/10 UE after ePDCCH is introduced in Rel. 11, a straight forward approach is to limit Rel.11 UE to only monitor the common search space in the legacy PDCCH region and UE-specific search space in ePDCCH region in order to decrease the number of total blind decoding attempts. If the blind decoding attempts in the ePDCCH region can also be limited to a moderate number, e.g. 32, the total number of blind decoding attempts for Rel. 11 UE can be kept the same as legacy UE. Similar as Rel. 8, total number of physical search candidates configured to a UE can be larger than the total number of blind decoding candidate that one UE would actually search in any given subframe. And the instantaneous candidate subset can change over time for one UE to allow reasonable eNB scheduling flexibility and scheduling blocking probability.
Remark 4): It’s reasonable to keep the same level of blind decoding attempts for Rel. 11 UE and legacy UE after ePDCCH is introduced.
2.4 Whether ePDCCH contains common search space
For backward compatible carrier configuration in which both legacy TDM control region and ePDCCH exist, one reasonable choice is to have common search space only in the legacy TDM control region. For non-backward compatible carrier configuration in which legacy TDM control region doesn’t exist, whether common search space exists may depend on the application scenario for the ePDCCH. For example, common search space may not exist if the non-backward compatible carrier is aggregated with a backward compatible carrier as SCell. On the other hand, common search space may exist if non-backward compatible carrier is used as standalone PCell. The design of common search space in ePDCCH is FFS.
3. Performance Evaluation of ePDCCH
Based on the link level simulation assumption in [1], this section gives some performance evaluations on ePDCCH for UE in low mobility where reliable CSI feedback is available and UE in high mobility where CSI feedback is impaired by channel variation. Fig.3 shows that beamforming gain can be achieved with reliable CSI feedback, and Fig.4 shows that random beamforming is robust to CSI feedback impairments. Simulation assumptions are shown in the Appendix.
Remark 5): When reliable CSI feedback is available, beamforming gain can be achieved in ePDCCH; on the other hand, spatial and frequency diversity gain can be achieved using random beamforming.
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Fig.3, Performance of ePDCCH with low mobility
Fig.4, Performance of ePDCCH with high mobility
4. Conclusion
In this contribution we discussed some essential aspects in the search space design of ePDCCH including CCE to RE mapping, CCE indexing and blind decoding attempts. The remarks are reiterated below:
Remark 1): Both localized CCE and distributed CCE candidates should be supported for different UEs.

Remark 2): Though the CSI feedback for PDSCH is not optimum for ePDCCH scheduling, ePDCCH and PDSCH may need to share the same CSI feedback due to CSI feedback overhead caused by additional feedback instance for ePDCCH.
Remark 3): CCE indexing needs to be clarified firstly before designing the ePDCCH search space.
Remark 4): It’s reasonable to keep the same level of blind decoding attempts for Rel. 11 UE and legacy UE after ePDCCH is introduced.
Remark 5): When reliable CSI feedback is available, beamforming gain can be achieved in ePDCCH; on the other hand, spatial and frequency diversity gain can be achieved using random beamforming.
5. Reference
[1]: R1-113602,” Simulation Assumptions for DL Control Signalling”, RAN1
6. Appendix
Table 2 Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Channel Model
	SCME low angular spread with 3km/h and 120km/h 

	Antenna Configuration
	eNB:  XX 
UE:  +

	DCI payloads
	49 bits (excluding CRC)

	CSI Feedback
	PUSCH 3-1

	Receiver Type
	Linear MMSE

	Channel Estimation
	MMSE based on CRS or UE-RS
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