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1. Introduction & Background
An E-CCE/E-REG discussion is started from RAN1#68bis. The mapping schemes of E-CCE/E-REG to physical resources shall be defined to promote the E-PDCCH transmission to be, e.g., more flexible, efficient, less complex. This contribution discusses E-CCE/E-REG definition and mapping rules. Furthermore, since the fallback mode design is related to the E-CCE/E-REG design, the corresponding principles for fallback mode design are also investigated.
2. Nessasity of E-CCE/E-REG definition and signalling independent mapping
2.1. E-CCE/E-REG definition
RAN1 is now taking E-PDCCH to physical resource element mapping into account when designing E-PDCCH. Two basic concepts are introduced for this topic.  Our understanding for these two concepts are as follows,

E-CCE : an E-CCE is a basic unit containing the minimum number of REs for a E-PDCCH transmission. Usually, E-PDCCH are consiting of one or several E-CCEs. The number of E-CCEs for a E-PDCCH transmission are then regarded as the aggregation level.

E-REG : An E-CCE is consisting of one or multiple E-REGs. In order to offer diversity gain, multiple E-REGs are mapped into different physical resources which are far away between each other in frequency domain. An E-REG is the minimum interleaving granularity of the E-CCE mapping to the physical resources. Particularly, if the size of E-REG is equal to E-CCE, then there is no need to define E-REG since they are the same.
2.2. E-CCE/E-REG characteristics
Comparing to Rel-8 CCE/REG definition, the following characteristics are still worth being considered when desiging E-CCE/E-REG.
(1) REG mapping scheme are independent to any DCI indication or RRC signalling of the reference signal configuration. 
The benifit of an DCI indication or RRC signalling independent mapping can be as follows,

· UE can detemine the physical resources for the control channel easily, the complexity is minimized.

· UE can detemine the mapping physical resources in the absense of any RRC configuration and dynamic signalling of the reference signal configuration.
· In that sense, Rel-8 PDCCH mapping has been able to be determined after UE acquires PSS/SSS and MIB.
It is quite different between E-REG mapping and REG mapping to physical resources. E-REGs are mapped to the physical resources that may contain DMRS, CSI-RS, PSS/SSS or CRS. The E-REGs mapping rule shall avoid overlapping with the aforementioned configured reference signals. However, the configuration of these reference signals are determined either by DCI indication or RRC signallings. Then it is different to design an E-REG to physical resource mapping independent to any DCI indication or RRC signalling of the reference signal configuration.
However, for a PRB pair, it may contains several E-CCEs/E-REGs. To keep the same principle as to Rel-8 control channel design, E-CCE/E-REG design should ensure part of the E-CCEs/E-REGs which are independent to any DCI indication or RRC signalling of the reference signal configuration when they are mapped to the physical resources. It is proposed that,
Proposal 1 : E-CCE/E-REG mapping should allow E-PDCCH  can be decoded in the absense of any DCI indication or RRC signalling of the reference signal configuration
(2) E-CCE diversity order
The main benifit of introducing an CCE to REG mapping is to interleaving the resources within a CCE across the whole system bandwidth. Therefore the frequency diversity gain can be achived. 
In Rel-8, a CCE is consisting of 9 REGs. Thus the mapping scheme ensures the diversity order of nine. This can be revisited for E-PDCCH design. The following principles seems to be important when designing the diversity order of E-CCE.
Resource utilization effieincy: It is agreed that E-PDCCH are not multiplexed with any PDSCH transmission. Therefore the more diversity order achived for E-PDCCH, the more resource are reserved for E-PDCCH transmission. The resource utilization effieincy is espacially important when the load of E-PDCCH is light. In this case, still keeping diversity order of 9 seems to waste a lot of PRB pairs reserved for E-PDCCH but cannot be utilized by PDSCH transmission.  
Frequency diversity gain : it is investigated that for distributed mapping, the mapping scheme that ensures the diversity order of four should be considered[1].
In summary, maximum diversity order of 4 is reasonable for E-CCE design. 

Proposal 2 : maximum diversity order of 4 can be considered for E-CCE design.

(3) E-REG size
On the basis of the maximum diversity order of E-CCE is four,  it is proposed that the size of E-REG is as same as E-CCE for E-PDCCH design. The reasons are as follows,
For a E-PDCCH consists of 4 or 8 E-CCEs, it is naturally that E-REG consists of 1 or 2 E-CCEs is appropriate to satisfy the diversity order requirement.
For a E-PDCCH consists of 1 or 2 E-CCEs, usally the required SINR is relatively high, localized E-PDCCH mapping scheme can be used for better performance. 
In summary, it is proposed that

Proposal 3 : the size of E-REG is as same as E-CCE for E-PDCCH design.
3. Fallback mode
A fallback mode is important to keep the correct eNB/UE transmission/reception durng reconfiguratin. The fallback mode design are related to the E-CCE/E-REG design. According to the principles proposed aforementioned, it is proposed that for ‘ fallback  mode’, 
Proposal 4 : The following reconfiguratin should be supported when UE is in a fallback mode for a correct transmission/reception,
· switching between different transmission mode when UE is receving E-PDCCH in USS

· FFS when UE is receving E-PDCCH in CSS

· CSI-RS reconfiguration

· CFI value change

· FFS
4. Conclusion
In this contribution, the design principles of E-PDCCH are discussed. And several proposals for E-CCE/E-REG mapping are made. 
First, the definition of E-CCE/E-REG are given as follows,

E-CCE : an E-CCE is a basic unit containing the minimum number of REs for a E-PDCCH transmission. Usually, E-PDCCH are consiting of one or several E-CCEs. The number of E-CCEs for a E-PDCCH transmission are then regarded as the aggregation level.

E-REG : An E-CCE is consisting of one or multiple E-REGs. In order to offer diversity gain, multiple E-REGs are mapped into different physical resources which are far away between each other in frequency domain. An E-REG is the minimum interleaving granularity of the E-CCE mapping to the physical resources. Particularly, if the size of E-REG is equal to E-CCE, then there is no need to define E-REG since they are the same.

Secondly, it is proposed that

Proposal 1 : E-CCE/E-REG mapping should allow E-PDCCH  can be decoded in the absense of any DCI indication or RRC signalling of the reference signal configuration
Proposal 2 : maximum diversity order of 4 can be considered for E-CCE design.

Proposal 3 : the size of E-REG is as same as E-CCE for E-PDCCH design.
Proposal 4 : The following reconfiguratin should be supported when UE is in a fallback mode for a correct transmission/reception,

· switching between different transmission mode when UE is receving E-PDCCH in USS

· FFS when UE is receving E-PDCCH in CSS

· CSI-RS reconfiguration

· CFI value change

· FFS
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