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1. Introduction
At RAN1 #66bis, a working assumption is agreed for E-PDCCH based on considerations from CA enhancement of new carrier type, CoMP and DL MIMO[1], which is list as follows,

· Introduce an enhanced physical downlink control channel that is:

· 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
The desirable characteristics of E-PDCCH include ability to achieve beamforming and/or frequency selective scheduling gain as well as frequency and/or spatial diversity gain. In this contribution, we share our views on the search space design for the E-PDCCH considering these characteristics.
2. Discussion
The general E-PDCCH structure was agreed in last meeting [2] that PRB-pair-level multiplexing between PDSCHs and E-PDCCH within a subframe uses FDM. As is shown in Fig 1, there’s no multiplexing of PDSCH and E-PDCCH within a PRB pair while there may be DCI messages multiple UEs multiplexed within a PRB pair to fully utilize the downlink resources. Similar to CCEs for PDCCH, we assume that a DCI message would be carried in one or more units of “eCCE”.   
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Figure 1. Multiplexing of E-PDCCH in data region
Unlike R-PDCCH, the minimum unit of eCCE does not need to span the whole PRB but a part of PRB pair. Here we propose that each PRB pair is partitioned into several units which may consist of a number of sub-carriers extending over 1 or 2 slots. For example this could be 4 units where each unit consists of 3 subcarriers over 2 slots (pure FDM), or where each unit consists of 6 subcarriers over 1 slot (FDM/TDM). One unit could be one enhanced control channel element (eCCE) [3] or half eCCE [4]. The size of eCCE should take utilization efficiency and performance into account. More analysis for this issue is presented in [3].
2.1. Common search space 
In Rel-8, UE blindly detects a set of PDCCH candidates in a common search space (CSS) for DCI messages scrambled with common RNTIs, e.g. SI-RNTI, P-RNTI, RA-RNTI. These common DCIs carry system information, paging information, initial access signalling and power-control signalling which target for a group of UEs or all UEs in the cell. Though in most cases, it would be sufficient to depend on common search space in legacy PDCCH region even for cell-edge UEs, there’re still some cases where UEs could not correctly decode the legacy PDCCH.

· For heterogeneous network, UEs in the cell range expansion zone would have difficulties to receive uncontaminated legacy PDCCH from pico cell due to high co-channel interference from macro-cell. It could be beneficial to control interference by creating a new CSS outside the legacy control region to improve the reliability of broadcast type DCIs transmitted from pico cells.
· In order to allow UE operation within a limited bandwidth (e.g. for low cost MTC), it could be beneficial to provide a common search space which only spans a limited bandwidth. 
Since DCI in a new CSS (eCCS) would be transmitted to a group of UEs, it has to follow any transmit diversity scheme applied, based on non-precoded DM-RS. In order to obtain frequency diversity gain, distributed mapping could be adopted for eCSS. The PRB pair for distributed mapping could be fixed, semi-statically configured or dynamic signaled by a new DCI format [5].  Compared to fixed or semi-static configuration, dynamic signaling of resource allocation for eCSS could maximize resource efficiency at the cost of additional DCI payload. Considering the new DCI format is shared by a number of UEs configured to detect eCSS and would contain only resource allocation information, the payload size of the new DCI is less than the current PDCCH DCI formats which leads minor extra overhead. As is illustrated in Fig 2, the UE first decodes the new DCI format to get the location of eCSS according to the resource indication contained in new DCI format, and then detects DCIs in eCSS. 
Note that eCSS would be designed for Rel-11 UEs in certain scenarios, it should be a UE-specific configuration by the eNB to indicate to UEs whether to monitor eCSS or legacy CSS.

Proposal 1: Common search space of E-PDCCH should be supported in PDSCH region. Study whether resources for the eCSS should be fixed or configured semi-statically or dynamically 
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Figure 2. Example of dynamic resource allocation of search space

2.2. UE specific search space
For DCI messages in the UE specific search space, it is expected to provide frequency scheduling gain with channel state information (CSI) feedback as well as frequency diversity gain without reliable CSI. Generally speaking, localized mapping of E-PDCCH can be applied to obtain beamforming and frequency selective scheduling gain when accurate CSI is available while distributed mapping of E-PDCCH can be applied to obtain frequency diversity gain when accurate CSI is not available.
Search space of distributed mapping 
In order to exploit the frequency diversity gain, consecutive eCCEs should be mapped over PRBs or PRB pairs which are far apart in frequency domain. For example, with 3 subcarriers per half eCCE, each half eCCE could be located in one of two different PRB pairs. If the new eCSS is configured, it is beneficial to jointly allocate PRBs for eCSS and UE-specific SS. Better frequency diversity gain is expected and only one common signaling to dynamically allocate the resource for both eCSS and UE-specific SS is required which is similar as PCFICH in Rel-8 implicitly indicating the total number of eCCE for E-PDCCH.

Another issue of distributed eCCE mapping to search space is the non-uniform performance of eCCE located in different parts within one PRB pair. The number of REs in each unit may vary from one to another due to CRS, DM-RS and CSI-RS overhead. As is shown in Fig 3, #1 & #4 half-eCCE includes 22 REs while # 2 & #3 half-eCCE includes 26 eCCEs. About 1 dB performance gap is observed according to our simulation results in Fig 4. If the performance degradation caused by unbalanced number of REs is not negligible, ways to average such unbalance should be considered.
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                                          Figure 3. Illustration of varied eCCE size
Proposal 2: In the case of distributed mapping, the search space design should consider the requirement to support uniform performance of eCCEs. 

Search space of localized mapping 

For localized mapping, consecutive eCCEs should be mapped to adjacent PRB pairs associated with good channel quality. By subband CSI feedback, eNB could get knowledge of CQI/PMI information for each subband. The granularity of CSI feedback depends on the system bandwidth, e.g. for 10MHz system, a subband consists of 6 PRBs. It is assumed the CQI and PMI are same for these 6 PRBs within one subband. Consequently, it is impossible to obtain frequency scheduling gain when all the candidates of E-PDCCH for one aggregation level are mapped to one subband. We compare the performance of two different localized mapping schemes. In one scheme the location of the search space of E-PDCCH is fixed in the 1st subband of the system bandwidth and all blind decoding candidates of E-PDCCH for aggregation level 1 and 2 are mapped to adjacent PRBs in the 1st subband. For the other scheme, the search space of E-PDCCH is located in all subbands of the system bandwidth and blind decoding candidates of E-PDCCH are mapped to the first PRB pair in each subband. From the simulation results in Fig 5, it could be observed that there is significant performance degradation for the E-PDCCH with a fixed search space within one subband. If the search space could be dynamically configured, e.g. by a new DCI to indicate the frequency location of E-PDCCH [5][6], it is easy for eNB to transmit E-PDCCH on the subband with good channel quality. To reduce the overhead, transmitting the new DCI to a group of UEs is a good option, e.g. UEs in one group are configured with same E-PDCCH resources but different offset for UE-specific search space which is similar as DCI 3/3A.  The new DCI could either be transmitted in legacy PDCCH region or E-PDCCH region. On the other hand, if the search space is semi-statically configured by high-layers, the new approach to support dynamic E-PDCCH transmission within configured resources should be introduced as part of the search space design. 
Proposal 3: In the case of localized mapping, the search space design should consider the requirement to support frequency selective scheduling gain.
3. Conclusions
In this contribution, some issues of search space design for E-PDCCH are briefly discussed. We provide the following proposals based on the analysis.
Proposal 1: Common search space of E-PDCCH should be supported in PDSCH region. Study whether resources for the eCSS should be fixed, or configured semi-statically or dynamically 

Proposal 2: In the case of distributed mapping, the search space design should consider the requirement to support uniform performance of eCCEs. 

Proposal 3: In the case of localized mapping, the search space design should consider the requirement to support frequency selective scheduling gain.
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Figure 4. Performance comparison of different size of unit
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Figure 5. Performance comparison of localized mapping
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Appendix.  
Table 1: Simulation assumptions and parameters
	Parameter
	Numerical Value and Description

	System bandwidth
	10MHz

	Carrier frequency
	2 GHz

	Number of OFDM symbols for PDCCH
	3

	Channel model
	ETU

	Antenna configuration
	2Tx, 2Rx

	DCI format
	DCI format 0/1A (42 bits with CRC)

	RS overhead
	2 ports CRS, rank-4 DM-RS

	E-PDCCH transmission mode
	SFBC, CL-BF

	Channel coding
	Tail-biting convolution encoding

	Feedback mode
	PUSCH mode 3-1

	CSI feedback latency
	10ms

	Channel estimation
	MMSE

	UE speed
	3km/h
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