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1 Introduction

Non-CA based ICIC on the PDCCH will be supported to address deployment scenarios, spectrum availability, and loading distributions of Rel-8 UEs which make CA-based approaches not appropriate. The inability to perform ICIC on the PDCCH stems from the fact that, due to PDCCH interleaving, the CCEs used for the transmission of DCI formats are distributed over the whole BW in an irregular fashion. Conversely, PDSCH transmission is PRB-based and frequency-domain ICIC can be used.

PDCCH extension in the PDSCH, using PRB-based (instead of CCE-based) multiplexing, can be used not only to enable ICIC but also to:
a) Alleviate PDCCH capacity problems due to the Re-8 maximum PDCCH size of 3 OFDM symbols [1]. 

b) Avoid PDCCH transmissions in DL CCs that are close in frequency to UL CCs (avoid de-sensitization).
c) Avoid PDCCH transmissions in DL CCs with small bandwidth.
d) Utilize DL CCs with favorable conditions for most/all PDCCH transmissions (e.g. most/all PDCCH transmissions in DL CCs with low carrier frequency - minimize PDCCH transmissions in DL CCs with high carrier frequency). 

This contribution considers the support of PDCCH size extension while maintaining Rel-8 compatibility and re-using design principles defined in Rel-10.

2 PDCCH Size Extension
When considering extending the PDCCH size, the issue of backward compatibility has significant implications on the associated complexity. The PDCCH size extension requires the PDCCH to be placed in the PDSCH region, as it was suggested for the PDCCH in LTE-A [2-4] and as is currently considered for the R-PDCCH. Figure 1 shows a general structure for a PDCCH extension using TDM/FDM. 

[image: image1]
Figure 1: Extending PDCCH Transmission in a backward compatible CC (using TDM/FDM, for example).

Baseline principles for the transmission of the extended PDCCH (E-PDCCH) can draw from previous proposals for the PDCCH design in LTE-A and from the current R-PDCCH design (Rel.8 channel coding, interleaving, and multiplexing are reused). In particular:
a) Start Symbol of E-PDCCH: 
Can be the first symbol after the end of PDCCH or can always be the fourth OFDM symbol (for BW 
[image: image2.wmf]³

 5 MHz).
b) End Symbol of E-PDCCH: 
This will depend on the E-PDCCH multiplexing (TDM/FDM, FDM).
c) Frequency Granularity of E-PDCCH

The CCE principle is maintained (e.g. one or two CCEs per PRB as for the R-PDCCH).

d) Frequency resources for E-PDCCH
Semi-static configuration can be baseline. Dynamic assignment on a sub-frame basis, as for the R-PDCCH, may also be considered to ensure frequency diversity, interference randomization, and dynamic ICIC.

e) Time resources for E-PDCCH and E-PCFICH
FFS whether the E-PDCCH symbols are semi-statically (SIB signaling) or dynamically (E-PCFICH signaling) assigned (for TDM/FDM). 
f) E-PHICH

FFS whether the additional PHICH resources, corresponding to multiple UL CCs, can be incorporated in the PDCCH or additional PHICH needs to be transmitted in the E-PDCCH.

3 Conclusions

Support for PDCCH ICIC requires modifications to the Rel-8 PDCCH design. This contribution proposes the definition of an Extended PDCCH (E-PDCCH) within the PDSCH region. The E-PDCCH allows for Rel-8 compatibility and its design can be based on the R-PDCCH design principles. The E-PDCCH can also provide additional benefits such as increasing the PDCCH capacity and utilizing DL CCs with favorable channel propagation conditions for PDCCH transmissions.

Proposal: Define an Extended PDCCH (E-PDCCH) which is transmitted in the PDSCH. 
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