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1 Introduction

This contribution discusses REG-level interleaving for R-PDCCH transmission with CRS for demodulation. In the past few meetings, it was decided and confirmed that two interleaving modes are to be supported for R-PDCCH transmission in multiplexing perspective [1]:
· REG–interleaved mode: REG-level interleaving with CRS for demodulation

· No interleaving mode: No- interleaving with CRS or DMRS for demodulation

The REG-interleaved mode supports multiplexing of R-PDCCH from different RNs within the same PRB and No interleaving mode does not allow it. To support the two different multiplexing approaches for each transmission mode, need to define multiplexing scheme and search space structure separately. For REG-interleaved mode, it should be decided how to transmit multiple R-PDCCH in the pre-defined PRBs for RNs and decode without much increase of blind decoding trials. In this contribution, we focus on the REG-interleaved mode when CRS is used for demodulation and presents supportable R-PDCCH formats, REG-interleaving and mapping for RNs and shows that REG-interleaved mode can support with small modification from Rel.8 PDCCH REG-interleaving and mapping.
2 REG-interleaved mode for R-PDCCH
2.1 R-PDCCH formats and REG-interleaving
PDCCH transmission for each UE is scattered over the whole PRBs within the DL transmission band. On the other hand, R-PDCCH will use only pre-configured PRBs and the other PRBs will not be used for R-PDCCH at all. By considering the pre-configured PRBs in the logical domain, whether the PRBs are contiguous or non-contiguous, it is possible to reuse most of Rel.8 PDCCH REG level interleaving design with small specification efforts. In doing so, the REG has to be defined in both 1st and 2nd slots within each subframe with reusing the definition for PDCCH in [3]. More specifically, the followings can be re-used from Rel.8 PDCCH without change: 
· Supported formats for R-PDCCH, as listed in Table 2.1-1

· Definition and RE size of CCE and REG

· Concatenation of all R-PDCCHs and insertion of <NIL> elements 

· Scrambling with a cell-specific sequence

· QPSK modulation for R-PDCCH

· Layer mapping  and precoding

· Subblock interleaver for REG interleaving with cyclic-shift by cell ID

Table 2.1-1: Supported R-PDCCH format

	R-PDCCH format
	Number of CCEs
	Number of resource-element groups
	Number of R-PDCCH bits

	0
	1
	9
	72

	1
	2
	18
	144

	2
	4
	36
	288

	3
	8
	72
	576


2.2 R-PDCCH REG mapping 
Mapping of R-PDCCH to resource elements can re-use the mapping for PDCCH specified in TS 36.211[3], captured below. In the mapping procedure below, the PDCCH mapping is done in terms of REG level and this can be easily extended for R-PDCCH as well.
REG-mapping steps for Rel.8 PDCCH:
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 corresponds to the number of OFDM symbols used for PDCCH transmission as indicated by the sequence transmitted on the PCFICH
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Regarding Rel.8 REG mapping steps, all PRBs are used for mapping REG for R-PDCCH. Based on the PDCCH REG mapping procedure above, the R-PDCCH mapping to resource elements for the cases of REG-level interleaving can be done in pre-configured PRB set with small modification of Rel.8 REG mapping as shown below, where 
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 refers to subcarrier index and symbol index, respectively. As discussed in a companion contribution [2], PRB first mapping with time-first mapping within PRB is used for the R-PDCCH REG mapping (similar as Rel.8 PDCCH). The step 2 presents the set of PRBs used for REG-mapping and subcarrier index 
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will be defined only in the pre-defined PRBs as shown in step 4 and 12. In addition, increasing PRB index 
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 is added for indicating PRBs for REG mapping in step 3, 13 and 14.
REG-mapping steps for R-PDCCH:
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7) Map symbol-quadruplet to the resource-element group represented by 
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8) Increase m’ by 1


     9) Increase l’ by 1
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 corresponds to the end symbol of R-PDCCH in the slot
    11) Increase k’ by 1
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         13) Increase 
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3 Conclusion
In this contribution, we discussed R-PDCCH format, REG-interleaving and REG-mapping for the REG-interleaved mode transmission. We presented that R-PDCCH REG-interleaving specification can be done by reusing most of Rel.8 PDCCH design. Rel.8 PDCCH format and interleaving can be used without change and for REG mapping, only mapping procedure is slightly modified to map R-PDCCH only on the pre-configured PRBs.
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