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Introduction
It was agreed in RAN1 #61bis meeting (Dresden) [3] on CRS-based R-PDCCH design that:

For R-PDCCH interleaving with CRS, the following are both supported by the specifications: 

Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding

A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL)

Exact set is FFS

Each RN searches only one set of assigned PRBs for R-PDCCHs

No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)

(same as DMRS “mode 2”)

Optionality from implementation perspective will be discussed separately.

As the last bullet indicated, the interoperability will become a problem if both options are to be specified. We therefore think down-select into one option should be strived for, unless we see deployment scenarios would justify both options.

Discussion
Reading the simulation and analysis given in contributions [1], [2] and [4] from the last meeting, we were shown that in low SNR case (SNR<0) mode 2 over performs or equal performs mode 1-1. Of course, the overhead is not 100% aligned for both modes, as it is not possible to align with 100% accuracy, as CCE aggregation levels are fixed for mode 1-1, being 1CCE, 2CCE, 4CCE and 8CCE per R-PDCCH, while Mode 2 resource is counted by number of PRBs per R-PDCCH. The comparable overhead for the two modes is that 1PRB for mode 2 roughly approximates 1CCE for mode 1-1.

The observation is that, with the similar overhead,

mode 2 over-perform or equal-perform mode 1-1 in bad geometry case (e.g. SNR<0)

mode 1-1 over-perform mode 2 in good geometry case. 
However to get the equal or even better robustness, assigning more PRBs per RN could be compromised in mode 2, which is affordable as in this case 2 or 4 PRB per R-PDCCH is likely sufficient.. In an extreme case a 4PRB/R-PDCCH in mode 2 may be needed for otherwise 2CCE/R-PDCCH in mode 1-1 to get better robustness. We think the overhead of such level is acceptable especially the number of RNs in a cell is typically not large. 

Mode 2 has to be addressed for DM-RS demodulation, which with minimum additional specification effort can be easily adjusted for CRS-based R-PDCCH design.

By the above observations and analysis we conclude that mode 2 should be sufficient for R-PDCCH with CRS demodulation although the comparison is not all the time one-over-perform-the-other. We should try the best to avoid duplicated options for addressing a single problem. Duplicated options are problematic for interoperability and not good for the quality of the specification. 

Another important reason for such down-selection is that fewer test cases should always be motivated for.
Proposal

We believe R-PDCCH for DM-RS shall be specified anyway, and further we think once R-PDCCH for DM-RS is done, with minimum modification it should be made working for Mode 2 with CRS demodulation.

Therefore we propose

Start specifying mode 2 (since RAN1 #62bis) for R-PDCCH as a mandatory option for both CRS based demodulation and DM-RS based demodulation.

Consider mode 1-1 for specification until we see deployment scenarios necessitate it.
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