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1 Introduction 

In RAN1 #68bis, the handling of resource element (RE) mapping for ePDCCH in presence of other signals was discussed. Based on the chairman notes of #68bis, the following bullets related to this issue should be considered in this meeting: 
· 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
In this contribution, we will provide our views on the handling of RE mapping for ePDCCH in presence of legacy signals. 
2 Discussion
Based on the current RAN1 specifications, several signals may collide with ePDCCH in the PDSCH region. These signals include DMRS, PSS/SSS, legacy PDCCH, PBCH, CRS, PRS and CSI-RS. Considering the mapping characteristics of these signals, we consider these legacy signals in three groups in the following discussion. 
· DMRS 
For REs occupied by DMRS, it could be assumed that these REs are reserved by considering the basic role DMRS has played in the decoding of both PDSCH and ePDCCH. Both eNB and UE will not include these REs during RE mapping for ePDCCH. The eCCEs/eREGs are located around the DM-RS REs in the corresponding PRB(s) assigned for ePDCCH. In other words, rate matching is used around DMRS REs.
· PSS/SSS, legacy PDCCH, PBCH and CRS
For these legacy signals, the UE will exactly know the location of the REs occupied by these signals. From the point of view of the coding chain, both rate matching and puncturing could be considered. For rate matching, the coded ePDCCH symbols are rate matched around these colliding REs. For puncturing, the eNB simply punctures the coded symbols corresponding to the collided REs. The performance loss should be considered due to possibly large chunks of unusable REs in one PRB. If consecutive coded symbols are punctured, the error-correcting capability of the convolutional code can be greatly impacted.  Some kind of finely designed interleaving would have to be designed to evenly distribute the punctured symbols, so as to avoid the loss of consecutive coded symbols and mitigate the performance impact. Comparing these two schemes, 
· Puncturing may be more futureproof towards cases where the UE might not know the location of these signals, but it requires careful design of an interleaver

· Rate matching may provide better performance
No scenarios have been identified yet when the UE would not know the RE locations of these signals, and it seems hard to envisage any such cases being likely to occur in the future. Therefore, rate matching is recommended to ensure the better performance and avoid the complicated interleaver design.
· PRS and CSI-RS

Both PRS and CSI-RS are configured in a UE-specific way. Each UE only knows the configuration and relevant RE locations for its own PRS or CSI-RS pattern. Although the eNB has the knowledge of all the PRS and CSI-RS configurations in the cell and can do the corresponding rate matching to keep the performance, additional signaling would be needed to inform UE. This signaling can be quite complicated (different from subframe to subframe) and very dynamic due to the configuration change occurring at the arrival and departure of active UEs. Therefore, we propose:

· Rate matching is used around the UE’s own configured PRS/CSI-RS.
· For the other unknown REs occupied by other PRS/CSI-RS configurations, puncturing is performed at the eNB, and normal decoding is performed at the UE without the knowledge of the punctured REs.
In terms of the eCCE and eREG design, the simplest arrangement is to fix the mapping of eCCEs and eREGs to REs within the PRB pair, irrespective of whether the REs contain any of the signals discussed above. 
3 Conclusions
In this contribution, we discussed the handling of RE mapping for ePDCCH in presence of legacy signals. Considering different kinds of legacy signals, we propose that: 
· From the point of view of the coding chain for ePDCCH:

· Rate matching is used around the REs used for DM-RS 

· Rate matching is used around the REs used for CRS, legacy control region, PSS/SSS, PBCH

· Rate matching is used around the REs used for the UE’s own configured PRS/CSI-RS
· Puncturing is used for the PRS/CSI-RS REs unknown to the UE.
· The mapping of eCCEs and eREGs to REs with a PRB pair is fixed irrespective of whether any of the REs contain signals other than ePDCCH. In other words, eCCEs and eREGs are punctured by any other signals that are transmitted. 
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