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1
Introduction
It is one of the priority objectives of the R11 DL MIMO enhancements SI to evaluate improvements to DL control signalling. This contribution reviews the potential motivations to pursue such enhancements and proposes some target requirements for consideration.
2
Motivation for DL Control Signaling Enhancements
The motivations for enhanced DL control signalling have been described in several contributions ([1]-[7]). 
The primary reason to investigate DL control channel enhancements is the significantantly improved DL performance brought by the introduction of DM-RS for the PDSCH in R10. Hwoever, these gains can only be fully realized when the R8 based DL control channels/signals can be improved to match the much improved performance of the data channels in terms of coverage, user multiplexing capacity and spectral efficiency.

In particular, it is anticipated that the PDCCH would become the system bottleneck in the following operational scenarios:

-
High usage of MU-MIMO

-
Frequent usage of large payload DCI formats (e.g. 2C) in a cell

-
Heterogeneous deployments where multiple nodes utilize the same PCI (CoMP Scenario 4)

-
High usage of MBSFN subframes or extensive usage of cross-carrier scheduling

3
Design requirements
We deem that the following design targets and requirements are desirable when considering improvements to the R8 based DL control channels /signals:
1. Backwards compatibility

The introduction of enhancements to the existing R8 based DL control channels/signals must not impact legacy R8-10 UE’s that are operating in the cell.

2. Significantly improved PDCCH user multiplexing capacity

The typical/average user multiplexing capacity of the enhanced control channels should be increased to a point where it no longer is a bottleneck at least in most expected practical situations. Clearly, interpolation from spatial multiplexing gains such as shown in [1] indicates that the typical number of CCE’s required in support of MU-MIMO resource allocations could scale up by a factor of 3 to 4 when compared to the number of actually available CCEs for the PDCCH.
3. Preservation of fundamental and well-proven R8 PDCCH design principles

In order to minimize design deltas resulting from the introduction of improved DL control channels/signals, several fundamental R8 decoding principle should be maintained. These include,
· Early decodability of PDSCH, i.e. since a DL assignment is received early in the subframe, the UE can start decoding of the PDSCH before the end of the subframe which allows more processing time budget in the UE receiver design
· Comparable to R10 UE blind decoding complexity, i.e. average per- carrier UE blind decoding numbers should be maintained (or not significantly exceeded)
· Full eNB scheduling flexibility, i.e. independent scheduling assignments and separation for DL vs UL domains without loss of multiplexing efficiency.
· Flexibility for UE implementation-specific optimizations, i.e. micro sleep in subframes where no data is scheduled for a UE
4
Discussion

We deem that the following areas are relevant to consider when investigating DL control channel enchancements:

The existing PDCCH utilizes the common reference signal (CRS). Since the increase in the spectrum efficiency of PDSCH is in good part driven by the utilization of DM-RS, a natural design choice to increase the spectrum efficiency of the enhanced control channel would be to allow utilizization of the DM-RS (or some other type of precoded reference signal). This option is particularly compelling in view of scenarios where multiple transmission points use the same Cell ID (and thus would be transmitting the same CRS). It would further facilitate techniques such as MU-MIMO and beamforming.
Proposal 1:

Consider the principle of a UE-specific reference signals (DM-RS) based design using FDM multiplexing in the legacy PDSCH region of the subframe for the enhanced DL control channel in R11.
In R10, the R-PDCCH which utilizes resources in the PDSCH region using DM-RS in FDM has been studied and designed as one mode of operation for the Un. The R10 DL Un control channel design including the R-PDCCH and the absence of an R-PHICH like DL signal is based on several assumptions characteristic for typical RN deployment cases that may not necessarily be fully applicable to the Uu and to the typical operating conditions expected for UE’s in NLOS. While R-PDCCH is not a feature supported by handsets in R10, extensive evaluations and Stage 3 specifications are already available through the R10 Relay work. Therefore, it is highly desirable to choose the R-PDCCH as a starting point for an FDM-based DL control channel desing using DM-RS.

Proposal 2:

Consider the R10 R-PDCCH as baseline for further evaluation of enhanced DL control channel design while taking differences between typical Un and Uu operating conditions into account.
We see it as the primary benefit of the DM-RS based FDM approach for enhanced DL control channel design that it enables ICIC also for the DL control channels and allows access to FDM scheduling and link adaptation gains. However, particular attention needs to be brought to the following performance related issues and potential limitations when considering enhanced DL control channels using DMRS and FDM in the legacy PDSCH region of a subframe.

· Lack of access to frequency diversity gains in case the improved DL Control Channel using DM-RS and FDM in the PDSCH region occupies only a few (or only a single) PRBs.
· Inability to bundle adjacent DM-RS when they are pre-coded for different UE’s or when they do not have the same EPRE power ratio when compared to the PDSCH
Furthermore, careful considerations would need to be given to the possible resulting reduction in the processing latency budget if DL assignments were allowed in the last several OFDM symbols of the subframe. In the R10 Un R-PDCCH design, this is addressed by restricting DL assignments to occur in the first timeslot only.
We also think that consideration should be given whether support for r11 and beyond Transmission Modes using such an enhanced DL control channel requires full or only partial decoding of the legacy PDCCH region, i.e. with explicit indication, blind decoding or avoiding legacy R8 PDCCH altogether chosen as possible approaches offering a trade-off in terms of UE decoding complexity.

We believe that maintaining an overall blind decoding complexity for the UE comparable to single carrier R10 is a desirable target in order to maintain comparable levels of processing complexity in the UE.
4
Conclusion

In this contribution, we discuss potential motivations to pursue enhancements to DL control channel design in R11 and proposes some target requirements for consideration. In particular, 

Consider the principle of a UE-specific reference signals (DM-RS) based design using FDM multiplexing in the legacy PDSCH region of the subframe for the enhanced DL control channel in R11.

Consider the R10 R-PDCCH as baseline for further evaluation of enhanced DL control channel design while taking differences between typical Un and Uu operating conditions into account.
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