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1. Introduction

ePDCCH mapping in presence of other signals was discussed in RAN1#68bis. Three mapping methods are under discussion:

· Alt-1: puncturing of REs including coded symbols

· Alt-2: puncturing of REs from “(e)REG/(e)CCE” with rate matching in coding chain

· Alt-3: rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

Specifically, handling of other potentially colliding signals including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DMRS needs to be discussed. In this contribution we provide our views on these issues. 

2. Discussion
Legacy PDCCH in Rel.8-10 is transmitted in the legacy control region where the time/frequency position of all signals (e.g. CRS, PCFICH) is cell-specific. Therefore, rate-matching is used for PDCCH mapping without ambiguity to any UE. On the contrary, ePDCCH is transmitted in the PDSCH region and may collide with a set of signals (e.g. CSI-RS) that are UE-specific. Mapping of ePDCCH needs to be studied taking into account link robustness, specification efforts and implementation complexity. 
2.1. Discussion
Since the DMRS pattern is known a priori to the UE, it is preferable to rated-match ePDCCH around the DMRS. 

Each ePDCCH candidate can be rate-matched around its associated APs. However this may create some issues.
· It is agreed that AP 7 – 10 can be used for ePDCCH transmission, but the AP associated with each ePDCCH candidate is yet undecided. Two AP association schemes are under discussion: implicit and explicit. With implicit association, an AP is implicitly tied to an eCCE/eREG. Therefore for an ePDCCH candidate, the set of APs (e.g. 7/8, or 9/10, or 7/8/9/10) depend on the AP-to-eCCE association as well as the hashing function that determines the search space. If one ePDCCH candidate is mapped to one DMRS CDM group, rate-matching is around a total of 12 RE/RB DMRS. Otherwise if one ePDCCH candidate is mapped to two DMRS CDM groups, rate-matching is around 24 RE/RB DMRS. 
· With explicit mapping, the APs associated to each ePDCCH candidate are configured by RRC-higher layer.  Similar to implicit mapping, different rate-matching pattern are possible depending on the associated APs.
For both cases, multiple ePDCCH rate-matching patterns are potentially necessary, increasing the implementation complexity.
Another potential problem of rate-matching ePDCCH around its associated AP is the DMRS overhead ambiguity. For instance when an ePDCCH is associated with the 2nd CDM group (e.g. port 9/10), it is unclear to the UE whether the 1st CDM group (AP 7/8) should be used for its ePDCCH transmission, or not used if another ePDCCH associated with port 7/8 is transmitted in the same PRB. A similar problem has been pointed out in Rel.10 MU-MIMO which led to the conclusion of supporting Rel.10 MU with only port 7/8 (e.g. fixed DMRS overhead of 12 RE/RB). For ePDCCH, it is possible to solve such ambiguity with blind decoding, but the complexity and false alarm probability are both increased. 
Alternatively it is simpler to rate-match ePDCCH around AP 7-10. At a slightly higher DMRS overhead, ePDCCH rate-matching is simplified and DMRS overhead ambiguity is avoided. DMRS power boosting is also enabled when the other DMRS CDM group is not used, which improves the channel estimation accuracy. 
Proposal:

· ePDCCH is rate-matched around DMRS ports 7-10.
CRS is cell-specific and common to all UE. For the same subframe types (MSBSN or unicast), CRS location is constant in different subframes and different PRBs. Hence, rate-matching around CRS may not be overly complicated. Puncturing by CRS is also possible although the link performance degradation is more severe, considering high-density CRS is present in every subframe. 
Proposal: 

· ePDCCH may be rate-matched around CRS. 
CSI-RS is UE-specific such that the number of CSI-RS ports, CSI-RS pattern, and subframe index could be different across UEs. Rate matching ePDCCH around CSI-RS therefore leads to a large number of rate-matching patterns. This is further complicated by CoMP operation where multiple CSI-RS resources need to be configured for channel measurement as well as interference measurement. Therefore, it would be simpler if ePDCCH mapping is first performed assuming no CSI-RS and then punctured by CSI-RS when collision happens. Occasionally this will result in slightly lower effective coding gain and reduced available RE within an ePDCCH candidate. However, this occurs at a low rate due to the time-domain scarcity of CSI-RS, and could be well handled by eNB scheduler. 
Proposal: 
· ePDCCH intended to a UE is punctured by CSI-RS configured for that UE.
In Rel.10 DMRS is not transmitted in a PRB pair overlapping with PBCH, PSS or SSS. Hence it needs to be decided whether ePDCCH transmission in PRBs containing PBCH/PSS/SSS shall be supported in Rel.11. If it is supported, the performance degradation due to PBCH/PSS/SSS puncturing seems manageable since PBCH/PSS/SSS is not transmitted in every subframe. Both eNB and UE are aware of such puncturing and will be able to avoid it when necessary, by scheduler implementation or ePDCCH link adaptation. 
Proposal:

· ePDCCH is punctured by PBCH/PSS/SSS. 
3. Conclusions

In this contribution we discussed handling of ePDCCH mapping in the presence of other signals. Our initial preferences are:
· ePDCCH is rate-matched around DMRS ports 7 – 10.

· ePDCCH is rate-matched around CRS.

· ePDCCH intended to a UE is punctured by CSI-RS configured for that UE.
· ePDCCH is punctured by PBCH/PSS/SSS.
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