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1. Introduction

In RAN1#68bis, following issues on E-PDCCH search space design were raised [1]:
Next steps:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 

· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs

· Study “fallback” operation and need for localised and distributed USS candidates in same subframe

Our considerations on mapping of E-PDCCH in presence of other signals and “(e)REG/(e)CCE” definitions are clarified in the companion contribution [2]. In this contribution, we share our views on the rest open issues and provide UE-specific search space design for E-PDCCH. 
2. Discussion 
2.1. Aggregation levels in localized and distributed transmission
In general, localized E-PDCCH is to improve resource efficiency, frequency selective scheduling and beamforming can be used to further exploit the resource efficiency in case reliable CSI is known at the eNB. Distributed transmission is to guarantee the reliability of E-PDCCH and coverage requirements, frequency diversity improves the robustness in case less accurate CSI is available at the eNB. 
In [3], the simulation results show that the localized E-PDCCH transmission with frequency selective scheduling gain has better link performance than distributed E-PDCCH transmission for lower aggregation levels, and the distributed E-PDCCH transmission is more attractive for higher aggregation levels. 
The localized transmission in lower aggregation level can reduce the resource fragment in E-PDCCH region, which can potentially improve the resource efficiency.   A localized E-PDCCH candidate is better to locate within one PRB pair in order to achieve frequency selective scheduling gain, and one PRB pair can be divided into 2 or 4 E-CCEs in normal subframe with the presence of other signals [2]. Therefore, we propose that the aggregation level 1 and 2 shall be supported in localized transmission, and aggregation level 4 and 8 shall be supported in distributed transmission.

Proposal1: Aggregation level 1 and 2 shall be supported in localized transmission, and aggregation level 4 and 8 shall be supported in distributed transmission.
2.2. Multiplexing between localized and distributed transmission
For a given UE, the possible options for multiplexing localized and distributed E-PDCCH are:

· Option 1: Non-overlapped resource between localized and distributed E-PDCCH
·   Option 1a: Non-overlapped in PRB pair level, localized and distributed transmission cannot be multiplexed within a PRB pair.
·   Option 1b: Non-overlapped within a PRB pair, localized and distributed transmission can be multiplexed within a PRB pair, i.e. some REs are reserved for localized transmission and others are reserved for distributed transmission.
· Option 2: Overlapped resource for localized and distributed E-PDCCH i.e. localized and distributed transmission share the same PRB pair resources, a set of REs can be used for either localized or distributed transmission. In this option, UE need to attempt blind decoding on the same resource for both localized candidates and distributed candidates; it will increase the complexity of blind decoding at UE.
The pros and cons of above three options are listed in table 1.  Considering that the motivations of E-PDCCH design are to improve the resource efficiency and increase the capacity, we prefer overlapped option to obtain the higher resource efficiency with the cost of increased blind decoding complexity at UE and scheduler complexity at eNB.
Table 1:  Pros and cons of three options

	
	Pros
	Cons

	Option 1a: Non-overlapped in PRB pair level
	Simple, the efficiency of blind decoding is higher than option2
	The resource efficiency is lower than option 2.

	Option 1b: Non-overlapped within a PRB pair
	Simple, the efficiency of blind decoding is similar as option 1a , which is higher than option2
	The resource efficiency is lower than option 2, but higher than option 1a when fewer UEs are scheduled by E-PDCCH.

	Option 2: Overlapped
	More flexibility and higher resource efficiency than non-overlapped options.
	It will increase blind decoding complexity at UE and scheduler complexity at eNB.


Proposal2: Localized and distributed transmission can be multiplexed within a PRB pair, and the resource between localized and distributed transmission is overlapped.
2.3. Fallback operations

In our understanding, there are mainly two scenarios for E-PDCCH fallback operation:
· Scenario 1: Localize transmission fallback to distributed transmission.
Unlike the R-PDCCH, the channel and interference condition for a UE changes more dynamically than for a Relay Node. The semi-statically configured transmission mode for R-PDCCH hence is not suitable for E-PDCCH. It is beneficial for UE to monitor both localized and distributed E-PDCCH candidates in one subframe, which allows localized transmission can fallback to distributed transmissions. 

· Scenario 2: UE-SS in E-PDCCH fallback to CSS. 
When E-PDCCH resource is re-configured, there may be ambiguous period for a UE to monitor E-PDCCH. UE needs to monitor some E-PDCCH/PDCCH candidates which don’t depend on the UE-specific configuration. It is beneficial for UE to monitor both UE-specific search space in E-PDCCH and CSS in one subframe, which allows transmission in E-PDCCH can fallback to transmissions in CSS. The CSS can be located in either legacy PDCCH or E-PDCCH.
Based on analysis on above two scenarios for E-PDCCH fallback operations, we have following proposals: 
Proposal 3: A UE shall monitor both localized and distributed E-PDCCH candidates in each subframe.

Proposal4: A UE shall monitor both UE-specific search space in E-PDCCH and CSS in one subframe, and the CSS can be located in either legacy PDCCH or E-PDCCH.
3. E-PDCCH search space design
Based on the above analysis, in order to obtain beamforming and/or frequency diversity gain in E-PDCCH transmission, a UE can be configured with several frequency non-contiguous E-PDCCH clusters which are scattered in the system bandwidth. Each E-PDCCH cluster consists of one or several contiguous RBs. Figure 1 gives an example with four configured E-PDCCH clusters. 
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Figure 1: E-PDCCH resource
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Figure 2: E-PDCCH candidates for localized and distributed transmission

One example of E-PDCCH search space design is given in Figure 2. Each PDCCH cluster consists of one PRB pair, and each PRB pair is divided into four sub-PRBs (or defined as E-CCE) multiplexed in FDM manner. A localized E-PDCCH with aggregation level x is mapped onto x contiguous sub-PRBs, and a distributed E-PDCCH with aggregation level x is mapped onto x non-contiguous sub-PRBs. For E-PDCCH aggregation level 1 and 2, only localized candidates are supported, which is primarily due to the fact that the E-PDCCHs with lower aggregation level always work in high SNR region with reliable CSI feedback. For E-PDCCH aggregation level 4 or 8, only distributed candidates are supported which is primarily due to the fact that the E-PDCCHs with higher aggregation level always work in low SNR region with less reliable CSI feedback.

As in legacy PDCCH, to minimize the blind decoding complexity and CRC false alarm, E-PDCCH blind decoding candidates for each aggregation level should be limited by size of E-PDCCH candidate set.

4. Conclusions

In this contribution, we discuss the issues on E-PDCCH design, which include aggregation levels used for localized and distributed transmission, multiplexing between localized and distributed transmission, and fallback operation for E-PDCCH. Finally, we share our UE-specific search space design for E-PDCCH. Particularly, we have the following proposals:
Proposal1: Aggregation level 1 and 2 shall be supported in localized transmission, and aggregation level 4 and 8 shall be supported in distributed transmission.
Proposal2: Localized and distributed transmission can be multiplexed within a PRB pair, and the resource between localized and distributed transmission is overlapped.
Proposal 3: A UE shall monitor both localized and distributed E-PDCCH candidates in each subframe.

Proposal4: A UE shall monitor both UE-specific search space in E-PDCCH and CSS in one subframe, and the CSS can be located in either legacy PDCCH or E-PDCCH.
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