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1
Introduction

In RAN#51 a SI on downlink MIMO enhancements was approved, which includes the evaluation of enhancements for downlink control signalling using UE specific reference symbols.  This contribution examines the basic required properties of an enhanced downlink control channel (E-PDCCH) and makes some preferences regarding the importance of these as well as some basic proposals for the study.
2
Motivation and the Use Cases
As discussed in [1], downlink control channels are the only LTE physical channels which do not directly benefit from increasing the number of transmit antennas at the base station. In fact, depending on the specific solution, increasing the number of antennas at the base station might even degrade the performance of downlink control channels. It is thus clear that there is some room for improvement on the DL control transmission methods and this should be one of the important study topics of the Rel-11 DL MIMO study item.
It obviously makes sense to transmit the control signalling on the PRBs that are identified to be the best with the preferred precoding according to the UE feedback. This not only optimizes the DL link performance due to frequency domain scheduling and precoding gain, but also potentially simplifies scheduler operation as there is no need to schedule completely separate resources for the control and the data but they are somewhat bundled together. 
One motivation for this SI is the observation that the efficiency of the downlink control channel poorly matches that of the shared data channels for certain traffic types and channel characteristics. If the control channel uses the highest aggregation level in order to reach the users the resources in the control channel will be exhausted before the resources in the shared data channel. The reason for this is that the shared data channels can use HARQ, frequency dependent scheduling, higher order modulation as well as multi antenna techniques in order to enhance the transmission. 
Further merit related to UE specific DL control signalling is that it may allow for adapting the DL control overhead based on different traffic load with much finer granularity than the per-OFDM symbol scale PDCCH allows for. Moreover, E-PDCCH has also clear potential in the case of carrier aggregation, and more specifically PDCCH-less carriers/SCells.
The goal of the related studies on PDCCH enhancements (E-PDCCH) should therefore be to increase the overall downlink control channel performance, efficiency and control channel flexibility in terms of overhead while being completely transparent to the Rel-8/9/10 UEs.
Proposal 1: The E-PDCCH studies should focus on increasing the control channel performance, efficiency and flexibility in terms of overhead. 
3

Enhanced PDCCH Considerations

3.1 Compatibility

Even if we could envision solutions where the E-PDCCH is used on different cells or in different sub frames than the PDCCH it is important that the PDCCH and E-PDCCH can coexist in the same subframe. Any kind of enhancements to the downlink control channel must be seamlessly backwards compatible with existing channels and signals. This means that the E-PDCCH shall work as an extension to the existing Rel-8/9/10 PDCCH and shall be transparent to legacy UEs and should as a starting point not utilize resources used for that. The E-PDCCH should also avoid using resources known to contain important signals like common channels as well as synchronization and reference information.

Proposal 2: The E-PDCCH shall be able to coexist with the regular PDCCH in a transparent way to guarantee backwards compatibility for legacy UEs.
3.2 PDCCH capacity enhancing mechanisms

As mentioned earlier, LTE Rel. 8/910 includes capacity improving mechanisms for PDSCH like frequency domain packet scheduling as well as multi-antenna techniques including precoding, SU-MIMO and MU-MIMO using channel state information, which dramatically improve the PDSCH capacity compared to frequency-distributed transmission using TX diversity, as applied for PDCCH in Rel. 8/9/10. 

Similar gain mechanisms relying on (partial) UE-specific channel information may be envisioned also to improve the PDCCH multiplexing capacity for the UE-specific control channels
· Enable frequency domain scheduling gains by E-PDCCH transmission in a frequency localized manner

· Enable multi-antenna precoding gains at the eNodeB by UE-specific E-PDCCH precoding utilizing precoded reference signals for E-PDCCH demodulation

· Enable improved multi-user multiplexing by considering the possibility of multi-user MIMO operation to schedule E-PDCCHs for several UEs on the same time/frequency resources.
· Enable the spatial multiplexing of possible DL and UL UE-specific control information of a specific UE by employing dual-stream UE-specific PDCCH transmission
· Enable use of higher order modulation schemes.
Proposal 3: In the E-PDCCH studies, capacity enhancing mechanisms like frequency domain scheduling, higher-order modulation, multi-antenna precoding including SU-MIMO and MU-MIMO transmission may be considered.
3.3 Structure

When defining the actual structure of the E-PDCCH region important factors like minimum decoding time for the UE 
must be considered. Therefore, the E-PDCCH region should be located in the first available symbols in the subframe. Because the length of the PDCCH region changes dynamically the E-PDDCH region would change in a corresponding way. It is natural that the number of reserved resources for E-PDCCH shall be configured both in time and frequency. The actual shape of the E-PDCCH region is FFS. 
It is for further study if the E-PDCCH in addition shall also support cell-specific reference signals (CRS). The advantage of CRS is that channel estimates from the previous subframe can be utilized and the CRS provide better noise averaging. The problem with the CRS is that they are not UE-specifically precoded and hence the precoding vector must be explicitly or implicitly signalled in case of UE-specifically precoded E-PDCCH transmission.

A consequence of the precoding is that E-PDCCH shall be localized or occupying adjacent resources where the SINR and optimal precoding are similar. It is also natural to reuse the concept of aggregation levels from the PDCCH, where the E-PDCCH can be encoded on a predefined number of time/frequency resources in order to support different channel characteristics. 
Proposal 4: The E-PDCCH region shall be located in the first available symbols in the subframe. 
Proposal 5: Localized PRBs and DMRS based precoding are the means by which the E-PDCCH is expected to achieve its gain. The use of CRS or some other kind of reference signals is FFS.
3.4 Performance

The structure of the E-PDCCH shall be verified by performance simulations. It is reasonable to require that when the CSI is known in a frequency selective channel the performance of the E-PDCCH should clearly exceed the performance of the PDCCH or alternatively for the same decoding performance the E-PDCCH should require fewer resources.
Proposal 6: For known CSI, the performance of E-PDCCH should be superior to that of the PDCCH. 
3.5 Relation to R-PDCCH

RAN1 has in Rel-10 standardized an air interface for the backhaul of relay nodes (RN). A special downlink control channel for the RN, called R-PDCCH, is included in that work. Even if the application of R-PDCCH is very different from that of the E-PDCCH in terms of traffic, multiplexing and channel characteristics, R-PDCCH is a natural reference design for E-PDCCH, and it is beneficial to explore which features could be reused from the R-PDCCH and which properties of the R-PDCCH do not well serve the purposes of the envisioned E-PDCCH operation. 
Proposal 7: Explore which of the R-PDCCH features and properties could be reused for the E-PDCCH.
4
Conclusions
Enhanced downlink control signaling (E-PDCCH) is an interesting enhancement that could provide additional gain and benefits for the downlink control operation and is therefore worth studying as part of the Rel-11 DL MIMO enhancements SI. Our initial observations and discussions are summarized into the conclusions below.
Proposal 1: The E-PDCCH studies should focus on increasing the control channel performance, efficiency and flexibility in terms of overhead.
Proposal 2: The E-PDCCH shall be able to coexist with the regular PDCCH in a transparent way to guarantee backwards compatibility for legacy UEs

Proposal 3: In the E-PDCCH studies, capacity enhancing mechanisms like frequency domain scheduling, higher-order modulation , multi-antenna precoding including SU-MIMO and MU-MIMO transmission may be considered.
Proposal4: The E-PDCCH region shall be located in the first available symbols in the sub frame. 

Proposal 5: Localized PRBs and DMRS based precoding are the means by which the E-PDCCH is expected to achieve its gain. The use of CRS or some other kind of reference signals is FFS.
Proposal 6: For known CSI, the performance of E-PDCCH should be superior to that of the PDCCH
Proposal 7: Explore which of the R-PDCCH features and properties could be reused for the E-PDCCH.
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