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1. Introduction
In RAN#51, a Rel-11 study item for downlink MIMO enhancement study item was approved, which includes the technical item of enhancement for downlink control signalling [1].  In this contribution, we describe the consideration points for enhanced PDCCH (E-PDCCH) design and consider the potential candidate.
2. Consideration points for E-PDCCH design
Before making an effort for detailed features of a new control channel, one important point is to set reasonable guidelines for precise application range at least in downlink MIMO perspective. One example is whether the newly designed PDCCH can be configurable to all Rel-11 UEs or some restricted Rel-11 UEs with a specific transmission mode or channel condition. Keeping this in mind, our consideration is described for several design criteria.
Channel Environment 

In [2], several deployment scenarios in which DL control channel enhancement is considered were identified, such as enhanced MU-MIMO in homogeneous network, low-power RRH deployment with single-cell ID and CA-based heterogeneous network. If these considered deployment scenarios will be definitely based on the UE channel condition of low mobility environment, the corresponding E-PDCCH design could have an optimization target for the UE channel condition with low Doppler frequency. On the other hands, if an E-PDCCH has to be configured for medium or high mobility Rel-11 UEs as well, then robust transmission even in high Doppler frequency should also be considered in terms of E-PDCCH transmission scheme and related reference signal. Furthermore, other channel environment factors (e.g. cell-coverage, propagation delay and LOS/NLOS etc.), which may be different among different deployment scenario, are needed to be considered. 
Considering that a newly designed E-PDCCH is still required to have at least equivalent error robustness with the legacy one, the investigation for channel characteristics driven from the target application is an inevitable step, which can make the relevant Rel-11 specification very efficient and progressive.  
Proposal: In order to make the Rel-11 specification for E-PDCCH design very efficient and progressive, it is necessary to investigate the UE channel characteristics for the target application in the earliest SI phase.
Processing Latency for E-PDCCH Detection
The required UE processing latency for downlink control channel detection makes a sensitive impact on ACK/NACK feedback RTT and overall HARQ RTT for a PDSCH transmission. Therefore, it has been one of important decision criteria from Rel-8 LTE PDCCH specification. Since the physical channel structure and UE detection procedures such as blind decoding affect the processing latency, those should be carefully considered on the overall E-PDCCH design. For example, further improvement on UE E-PDCCH blind decoding procedures compared to those in legacy UE PDCCH blind decoding could be considered if processing latency on UE’s E-PDCCH detection becomes problematic for a given E-PDCCH channel design.
 Proposal: The UE processing latency for E-PDCCH detection should be carefully considered especially on the specification for the physical channel structure and the detailed UE detection procedures.
Resource Utilization Efficiency
Since the E-PDCCH design is actually targeting the support of large UE population, efficient resource utilization becomes one of key consideration points. Moreover, if an E-PDCCH transmission is designed in the legacy data resource region, the resource overhead for E-PDCCH results in downlink data throughput reduction. Therefore, a sophisticated technique to optimize resource utilization efficiency should be actively considered on the E-PDCCH design. 

Proposal: A sophisticated technique to optimize resource utilization efficiency should be actively considered on the E-PDCCH design.
3. Potential Candidates for E-PDCCH Design
Based on the above described several design criteria, we discuss potential candidates for E-PDCCH design.
Channel Structure Design

For new PDCCH structure design in PDSCH region, three options could be considered as follows:

· Pure-FDM: The E-PDCCH is located in all symbols for PDSCH in a subframe.

· Partial FDM: The E-PDCCH is located in some symbols in a subframe. (e.g. only within 1st slot)
· FDM+TDM: The E-PDCCH is located in two parts in the subframe. (e.g. 1st slot and 2nd slot)
We can investigate the channel structure design in terms of channel estimation performance and layer multiplexing capability. If it is assumed that same precoder is applied in 1st and 2nd slot, better channel estimation performance and more MU-MIMO capability can be expected. In this aspect, the pure-FDM may provide more MU-MIMO capability for multiple E-PDCCH multiplexing in a RB. On the other hands, in partial FDM and FDM+TDM schemes case, when information for different UEs is assigned in 1st slot and 2nd slot, limited number of layers can be multiplexed in a slot.

Since PDSCH decoding starts at the PDCCH decoding completion time, FDM based multiplexing schemes may raise PDSCH decoding delay compared with legacy PDCCH. However, if we can ensure that E-PDCCH is transmitted only in a small cell coverage environment with short round-trip delay, the delayed PDCCH decoding completion time may not be an issue.
Proposal: In DL MIMO enhancement study item, trade-off between channel estimation performance/layer channel multiplexing capability and PDSCH decoding delay should be investigated for E-PDCCH structure design.
DL/UL Grant Multiplexing
For the DL/UL grant multiplexing, two options could be considered as follows:

· Option  1: Slot-boundary multiplexing between DL grant and UL grant 

· Option  2: Same start/end symbol position for both DL grant and UL grant
The option 1 permits independent resource assignment for DL grant and UL grant in 1st and 2nd slots so that UE should separately search DL grant and UL grant in each slot. In this case, effective coding rate for each grant is uneven due to the different number of REs in each slot. On the other hands, the option 2 could be beneficial in terms of blind decoding reduction if DCI format 0 and 1A, which are matched the size to reduce the blind decoding attempt, are transmitted on same position in E-PDCCH region.
Proposal: In terms of resource utilization and UE behaviour, DL/UL grant multiplexing scheme should be studied.
E-PDCCH Detection

For E-PDCCH detection, two options could be considered as follows:

· Option 1: A Rel-11 UE detects both PDCCH and E-PDCCH in a subframe. Some assistant control information for efficient E-PDCCH detection might be included in the legacy PDCCH.
· Option 2: E-PDCCH is independently designed so that a UE detects either PDCCH or E-PDCCH in a subframe and configured by higher layer.

The Option 1 may increase the number of PDCCH blind detection while more efficient PDCCH transmission would be supported. Therefore, a PDCCH blind detection complexity reduction scheme and error propagation protection method could be studied together for Option 1 to provide enhanced detection efficiency as well as robustness. On the other hand, Option 2 could be beneficial in terms of UE implementation complexity and naturally can avoid a potential error propagation phenomenon compared to Option 1. However, not small specification efforts could be caused especially in terms of detailed UE behaviours such as common control channel reception and fall-back transmission/reception handling.
4. Summary
In this contribution, we discussed on Rel-11 downlink control signaling enhancement. We can summary the discussions as follows:
· In order to make the Rel-11 specification for E-PDCCH design very efficient and progressive, it is necessary to investigate the UE channel characteristics for the target application in the earliest SI phase.
· The UE processing latency for E-PDCCH detection should be carefully considered especially on the specification for the physical channel structure and the UE detection procedures.
· A sophisticated technique to optimize resource utilization efficiency should be actively considered on the E-PDCCH design.
· For the PDCCH enhancement in Rel-11, we can study two approaches, such as new PDCCH design within PDSCH region and legacy PDCCH enhancement.
For new PDCCH design, the following points are considered:

· In DL MIMO enhancement study item, trade-off between channel estimation performance/layer multiplexing capability and PDSCH decoding delay should be studied for E-PDCCH structure design.
· In terms of resource utilization and UE behaviour, DL/UL grant multiplexing scheme should be studied.
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