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1 Introduction

The mapping of the ePDCCH REs to the DL subframe REs was raised in RAN1#68bis as an outstanding issue for the ePDCCH design. The question is whether the legacy approach of rate matching around other signals (e.g. CRS) can be also followed for ePDCCH in Rel-11 or whether puncturing of coded ePDCCH symbols in REs occupied by other signals, with or without rate matching, should apply. In Rel-11, “other signals” include legacy DL control signals, PBCH, PSS/SSS, CRS, PRS, CSI-RS, and possibly DM-RS. 

This contribution considers whether there is any need or benefit in differentiating the ePDCCH from the PDSCH or the legacy PDCCH with respect to the RE mapping.

2 Rate Matching versus Puncturing
Puncturing has been suggested primarily to address the following:

a) Possible complexity associated with rate matching an ePDCCH around “other signals” in a same PRB pair.

b) Required knowledge by a UE of the CSI-RS configurations for all other UEs in a cell.

c) Ambiguities during reconfigurations of the ePDCCH start symbol or of the CSI-RS configuration.
The above aspects are subsequently analyzed.

Complexity associated with rate matching

A first observation is that rate matching around “other signals” is already the case for PDSCHs. A PDSCH MCS is not adjusted to account for puncturing REs used by “other signals”. Rather rate matching around these REs is applied and the number of REs available for PDSCH in the assigned PRB pairs per subframe varies accordingly. The same principle can be directly applicable for ePDCCHs. The resources available for an ePDCCH can vary in its assigned PRB pair per subframe according to the presence/absence of “other signals”. This means that either the eCCE size varies or the number of eCCEs varies. The latter is already the case for the legacy PDCCH operation where, for the same total allocated REs in the DL control region, the number of CCEs depends on the number of CRS ports. 

In case of puncturing, the MCS (or the code rate for QPSK-only modulation) will need to vary per PRB pair and per subframe to account for puncturing variations in the eCCEs. To avoid having a variable blocking probability, the number of respective ePDCCH candidates per eCCE aggregation level will also need to vary. In general, the heavier the puncturing, the more likely is the use of higher eCCE aggregation levels and the reverse. This is effectively equivalent to varying the eCCE size in case of rate matching as a variation in the number of ePDCCH candidates per eCCE aggregation level will also then be needed. The network and the UEs will also need to adjust the REs used for ePDCCH transmission and reception, respectively, according to the puncturing of commonly known “other signals”.
In case of rate matching and distributed ePDCCH, the functionality of the legacy PDCCH operation can be maintained where the eCCE size is fixed (e.g. 36 REs) and the number of eCCEs per subframe depends on the total assigned PRB pairs and the existence of “other signals” [1].  
In case of rate matching and localized ePDCCH, either the eCCE size or the number of eCCEs may vary depending on the presence/absence of “other signals”. The former seems preferable as it can largely avoid unused REs in a PRB pair.
Observation 1: Considering network and UE functionalities for PDSCH and legacy PDCCH transmissions/receptions, rate matching is preferable to puncturing for ePDCCH operation.
Required knowledge by a UE of the CSI-RS configurations for all other UEs in a cell 

A Rel-11 UE will have a CSI-RS configuration and will also have zero-power CSI-RS configurations (some of them may be used for interference measurements). Therefore, all CSI-RS configurations assigned to UEs in a cell can be (implicitly) informed to a UE and ePDCCH rate matching can accordingly apply. Such rate matching is also required for PDSCH reception as, otherwise, significant performance degradation and even inability to support QAM16/QAM64 will occur. No apparent reason exists in this case for using puncturing for the ePDCCH and rate matching for the PDSCH. It is noted that if a UE is aware of the presence of “other signals” in a cell, there is no fundamental reason why puncturing and rate matching should have meaningfully different performances. Moreover, if a UE does not know the CSI-RS configurations for other UEs in a cell, the respective REs are not actually punctured but are instead treated as REs conveying actual information. 
Figure 1 shows the ePDCCH BLER with and without the presence of a single 8-port CSI-RS (unknown to the UE). 
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Figure 1: ePDCCH BLER with and without presence of a CSI-RS (unknown to a UE).
The BLER degradation is significant for the lower eCCE aggregation levels (moderate-to-high code rates) and error floors may even occur. The eNB scheduler will then have to resort to higher eCCE aggregation levels but this will unnecessarily increase overhead and blocking probability by wasting ePDCCH candidates while BLER degradation would still not be avoided. Even when error floors do not occur (low-to-moderate code rates), BLER degradation in excess of 1 dB is observed. It is noted that only one CSI-RS configuration was considered. The BLER degradation will obviously be much more severe in case there are multiple CSI-RS configurations (or other signals) a UE is not aware of.  

Observation 2: To avoid significant performance degradation and enable PDSCH and ePDCCH operation with moderate-to-high MCS, a UE should be aware of the CSI-RS configurations in its cell. 

Ambiguities during reconfigurations of the ePDCCH start symbol or of the CSI-RS configuration 

Reconfigurations are typically an infrequent event and do not represent a new issue. Moreover, PDCCH/PDSCH operation for legacy UEs should also be addressed when applicable.

When the ePDCCH start symbol is configured by RRC, due to a change in the RRC-configured duration of the legacy DL control region, PDSCH operation is more challenging than ePDCCH operation for which fallback to legacy PDCCH can exist at least through the CSS [2]. As a reconfiguration of the duration for the legacy DL control region is in practice a very infrequent event, there was no associated concern for the PDSCH operation in Rel-10 CA. Moreover, regardless of whether rate matching or puncturing is used for ePDCCH, it is practically impossible to support ePDCCH (or PDSCH) operation to a UE if it assumes an incorrect start symbol (at least for FDM-like eCCEs per PRB pair). 
CSI-RS reconfiguration is a simpler issue. Not only is it an infrequent event, but it also affects few subframes per frame and ePDCCH/PDSCH operation is possible in the remaining subframes. Moreover, if PDSCH operation were possible in subframes where the network and a Rel-11 UE have different understanding of the CSI-RS configurations, scheduling could be through legacy PDCCH. Similar to the reconfiguration of the ePDCCH start symbol, regardless of whether rate matching or puncturing is used, ePDCCH support will not be practically feasible if the network and a UE do not have the same understanding of the CSI-RS configurations in a cell (due to failed arrangements of the information bits or due to error floors).
Observation 3: Reconfigurations of presence/absence of “other signals” are infrequent and have similar effects to both PDSCH and ePDCCH regardless of whether rate matching or puncturing is used. 

3 Conclusions

This contribution examined the mapping of ePDCCH REs to DL subframe REs. Considering legacy PDCCH operation, PDSCH operation, and performance aspects, the following is proposed.
Proposal: Rate matching around REs of other signals remains applicable for PDCCH/PDSCH operation and is also applicable for ePDCCH operation. 
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