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1. Introduction

In RAN1#68bis meeting, many contributions discussed about multiplexing of different DCI messages. There were two way-forward proposing two ways of handling the mapping of E-PDCCH in presence of other signals in the subframe. Following are listed as next steps for discussion:
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
In this paper, we further discuss E-PDCCH mapping and multiplexing of different DCI messages.

2. Discussion
2.1. Puncturing vs. rate matching
Before we discuss the exact method on how to handle mapping of E-PDCCH into a PRB pair, we need to make sure the performance as there are no possibility of techniques such as AMC and HARQ. 
We first analyze two aspects of three methods mentioned above:

· Coding chain impacts

In the first method, the punctured coded bits are not known by the coding chain thus has potentiality to degrade the performance.  

In the second and third methods, both have the same operation in coding chain, the punctured coded bits are known at the coding chain. And rate matching is common practice in LTE system so we prefer rate matching method in E-PDCCH mapping. 
· Effective code rate impacts

In the first and second methods, the REs within one PRB pair are divided into fixed N E-CCEs/E-REGs regardless of other signals, e.g. CSI-RS and Zero Power CSI-RS. The effective number of REs used to carry E-PDCCH in one E-CCE may vary dramatically, which will impact the effective code rate in one aggregation level. In order to meet the performance requirements, higher aggregation level may be introduced which will increase the complexity of scheduler and introduce extra specification effort.
In the third method, the REs within one PRB pair are divided into N E-CCEs/E-REGs, and the value of N can be altered with the presence of other signals in different subframe, such as: CSI-RS and Zero Power CSI-RS. The effecitve number of REs used for E-PDCCH transmission in one E-CCE is almost similar to legacy CCE, which can maintain almost similar effective code rate as legacy PDCCH in one aggregation level.
Among the three possible methods to handle mapping of E-PDCCH in presence of other signals listed above, the difference between first two methods is on the coding chain, and commonality is the starting position of an eCCE is same. 
In case of rate matching around other signals, the performance of an eCCE can be maintained with variable size of eCCE in terms time-frequency chunk. It will lead to variable number of eCCEs within a PRB pair. The spec will be complicated with full flexibility in eCCE size/number variation, however after scrutinizing the maximum and minimum overhead of other signals; the number of eCCEs within a PRB pair could be 2, 3 or 4. This will lead to different starting position of eCCE. To simplify the specification and find a compromise between puncturing camp and rate matching camp, the number of eCCEs within a PRB could be restricted to 2 or 4. 
In DwPTS region, it would not be possible to accommodate E-PDCCH in all possible configurations of DwPTS. In certain configurations for DwPTS, it would be possible to accommodate 2 eCCEs.
E-PDCCH should not be mapped in the PRB pairs where PBCH is transmitted. 
Proposal 1: Rate matching method shall be used in mapping of E-PDCCH in presence of other signals.
Proposal 2: In normal subframes, the number of eCCEs could be 2 or 4 in a PRB pair depending on number of legacy PDCCH symbols, number of CRS ports, and CSI-RS overhead. In DwPTS region, maximum of 2 eCCEs can be mapped depending on the DwPTS configuration. 
2.2. eREG/eCCE definition
Before we discuss about the definition of eREG or eCCE, in our opinion a PRB pair should contain integer number of eCCEs e.g. 2, 3 or 4. If an eCCE consists 36 symbols as suggested in [4], there are scenarios where a PRB pair will contain fragments of an eCCE, e.g. in case of extended CP. The benefits of having integer number of eCCEs within a PRB pair are: it would be possible to have similar design for localized and distributed ePDCCHs which in turn make multiplexing of localized and distributed ePDCCHs within a PRB easy, and a DCI message with localized transmission especially for aggregation level one can be transmitted within a PRB pair. 
The definition of eREG or eCCE is not very clear yet as there are many ways different DCI messages can be multiplexed and also it depends of localized and/or distributed transmission of E-PDCCH. The concept if eCCE should be similar to legacy CCE such that a DCI message can be conveyed with different aggregation levels e.g. 1, 2, 4, 8 thus the size of eCCE should also be approximately similar to legacy CCE. The eCCEs should be multiplexed in FDM manner within a PRB to fully utilize the available transmission power. Further division of eCCE into eREG is needed, if aggregation level 1 is also deemed necessary to support distributed transmission. The size of eREG could be larger than legacy REG and multiple eREGs are multiplexed in FDM manner to construct an eCCE. If eREG is defined as the smallest resource unit of E-PDCCH, for localized transmission an eCCE is constructed from consecutive eREGs and higher aggregation levels are created from consecutive eCCEs; and for distributed transmission an eCCE is constructed from non-consecutive eREGs. If eCCE is defined as smallest unit of E-PDCCH, then the localized and distributed concept is on eCCE level meaning that aggregation level 1 does not support distributed transmission.
Proposal 3: A PRB pair contains integer number of eCCEs.

Proposal 4: The concept of eCCE is same as legacy CCE, a DCI message can be delivered with different aggregation of eCCEs 1, 2, 4, and 8; eCCEs are multiplexed in FDM manner within a PRB pair. Whether an eCCE is further divided into smaller units is FFS.
3. Conclusion
In this contribution, we discuss the mapping of E-PDCCH in presence other signals and definition of eCCE/eREG in the contribution with the following proposals:
Proposal 1: Rate matching method shall be used in mapping of E-PDCCH in presence of other signals.
Proposal 2: In normal subframes, the number of eCCEs could be 2 or 4 in a PRB pair depending on number of legacy PDCCH symbols, number of CRS ports, and CSI-RS overhead. In DwPTS region, maximum of 2 eCCEs can be mapped depending on the DwPTS configuration. 

Proposal 3: A PRB pair contains integer number of eCCEs.

Proposal 4: The concept of eCCE is same as legacy CCE, a DCI message can be delivered with different aggregation of eCCEs 1, 2, 4, and 8; eCCEs are multiplexed in FDM manner within a PRB pair. Whether an eCCE is further divided into smaller units is FFS.
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