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1 Introduction

This contribution is an update to R1-094569. Cross-carrier scheduling will be supported in the LTE-A to decouple the Component Carrier (CC) of PDSCH or PUSCH transmissions from the CC of the respective PDCCH transmission. There are several reasons for operation with cross-carrier scheduling, including:

a) enabling ICIC on the PDCCH in heterogeneous networks

b) avoiding PDCCH transmissions in DL CCs that are close in frequency to UL CCs (avoid de-sensitization)
c) avoiding PDCCH transmissions in DL CCs with small bandwidth 

d) supporting more UL CCs than DL CCs
e) utilizing 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) 

f) possible support of extension carriers (FFS)
The challenge for supporting cross-carrier scheduling is the PDCCH capacity. Without increasing the PDCCH size beyond a maximum of 3 OFDM symbols, it will be difficult or impossible to support scheduling over multiple DL CCs or UL CCs using the 3-symbol PDCCH in one DL CC without incurring scheduling restrictions and noticeable losses in spectral efficiency. Also, the UE-common search space will likely need to expand, at least to support multiple DCI formats 3/3A conveying TPC commands for PUSCH/PUCCH transmissions in respectively multiple UL CCs (SIB1, RACH response, and paging transmissions can be restricted to occur only in the DL CC with the PDCCH transmission). 
2 PDCCH Size Extension
When considering extending the PDCCH size, the issue of backward compatibility has significant implications on the associated complexity. In non-backward compatible DL CCs (if defined), PDCCH size extension is straightforward as it only needs to allow the PCFICH to utilize the currently unused fourth value to indicate an additional OFDM symbol for the PDCCH or to simply start counting from the second OFDM symbol (as for the smaller LTE bandwidths). For backward compatible DL CCs, the PDCCH size extension requires the PDCCH to be placed in the PDSCH region, as it was suggested for the PDCCH in LTE-A [1-3] 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 with possibly dynamic assignment subframe by sub-frame, as for the R-PDCCH, to ensure frequency diversity, interference randomization, and possibly enable 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

Limitations in the PDCCH capacity can occur with support of cross-carrier scheduling. The UE-common search space restriction in the first 16 CCEs may not provide sufficient capacity for supporting the transmission of multiple DCI formats 3/3A conveying TPC commands for PUSCH/PUCCH transmissions in respectively multiple UL CCs. For the UE-specific search space, scheduling restrictions and insufficient BW utilization are likely if the PDCCH for scheduling PDSCH transmissions in multiple DL CCs or PUSCH transmission in multiple UL CCs is confined in a single DL CC.

Increases in the size of some DCI formats in LTE-A (e.g. for UL SU-MIMO or for CI inclusion) as well as increased PHICH overhead (as the PHICH is transmitted in the same DL CC as the DCI formats) will further exacerbate the PDCCH capacity problem.

Proposal: RAN1 should examine the adequacy of PDCCH capacity with cross-carrier scheduling and, if needed, extensions to the PDCCH size should be considered. 
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