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1. Introduction

In Rel-11, an investigation targeting downlink (DL) control signaling enhancement was initiated [1]. At the 3GPP RAN1#66 meeting, the following conclusions were reached.
· Possible areas for enhancement include: 

· PDCCH capacity for CA-based het-net or inter-band deployments

· Reduce PDCCH overhead / increase capacity / reduce blocking probability

· Need to show what gain in capacity and reduction in blocking probability can be achieved with the proposed methods

· How serious is the problem; what impact would the proposed solution. 

· Working assumption: Reduction in PDCCH blind decodes below R10 levels is not seen as necessary in the context of this WI. 

Consider PDCCH coverage enhancement under DL MIMO SI. 

Consider whether gains resulting from any agreements under DL MIMO SI affect the need for, and improvements from, the above aspects (in order not to duplicate solutions) and vice versa. 

According to the above conclusions, the target scenarios associated with carrier aggregation (CA) and DL MIMO and the relevant evaluation assumptions are being discussed via e-mail for further study. In this contribution, we present details on our views on the target deployment scenarios including CA and DL MIMO in Rel-11 according to the e-mail discussion. 
2. Motivation and Target Deployment Scenarios for DL Control Channel Enhancement
2.1 Motivation for DL Control Channel Enhancement
We see the following motivations for the DL control channel enhancement in Rel-11
· Concerning the PDSCH, gains in throughput and capacity are achieved by increasing the number of antennas and applying a higher-order SU-MIMO and MU-MIMO through Rel-8 to Rel-10. However, no enhancement was achieved for the PDCCH in the context of multiple antenna systems. 
· Dynamic inter-cell interference coordination (ICIC) is performed for the PDSCH between a macro-cell and small cells in HetNet scenarios. However, this functionality is not supported for the legacy PDCCH.
· The rapidly increasing traffic demands need to be taken into account. There will be demand to support multiple types of services with various packet sizes due to the growing smart phone market and new applications such as machine-to-machine type communications. A large disparity in packet size between voice (small) and video (large) would limit the PDCCH capacity rather than the PDSCH in the near future. 
The most effective way to enhance the DL control channel motivated by the above points is to support the enhanced PDCCH (E-PDCCH), which is based on the UE-specific demodulation reference signal (DM-RS). Details regarding the features of the E-PDCCH are discussed in [2]. Below, we consider the E-PDCCH for enhancing the DL control channel, although we are open to discussion on other solutions such as compact DCI.
2.2 Target Deployment Scenarios for E-PDCCH
We examine the target deployment scenarios where the introduction of E-PDCCH is considered to be beneficial in Rel-11. Since we discussed detailed scenarios in [3], we briefly summarize them as the scenarios that should be targeted in Rel-11.
· MU-MIMO

In future deployment scenarios incorporating low-power remote radio heads (RRHs) or low-cost distributed antennas, more UEs are expected to utilize enhanced MU-MIMO. In order to enable more UEs to experience the advanced MIMO techniques in a wide coverage scenario, sufficient capacity in the DL control channel should be ensured.
· CoMP with single-cell ID
All the transmission points need to transmit the same DCI mapped in the same PDCCH region, and the capacity of the DL control channel will become problematic.
· CoMP with multiple-cell IDs
With dynamic point selection (DPS), the PDSCH is transmitted from a RRH while the PDCCH is transmitted from a macro eNB. In this case, introducing the E-PDCCH would be effective since the DCI can be transmitted using the E-PDCCH from the nearest RRH in the same way as the PDSCH.
· Cross-carrier scheduling for CA-based HetNet
Cross-carrier scheduling is used in CA-based HetNets. When cross-carrier scheduling is applied, the DCI associated with the PDSCH in the secondary Cell (SCell) is transmitted in the PDCCH in the primary Cell (PCell) for interference coordination in the DL control channel region. Therefore, cross-carrier scheduling limits the PDCCH capacity.
· Additional carrier types

Additional carrier types may not include the legacy PDCCH. Although cross-carrier scheduling can be utilized, it is preferable to support the E-PDCCH in additional carrier types when the additional carrier type is used in inter-band CA or when the transmission points are different between the additional carrier and a carrier conveying the DCI.
· Configuration of MBSFN subframe 

In Rels-10/11, the use of the MBSFN subframe is in greater demand than in Rels-8/9 to apply MU-MIMO and CoMP that require TM9. However, only up to two OFDM symbols are supported as a PDCCH region. 
· New application such as machine-to-machine 

To cope with the increasing traffic load brought about by new applications, more efficient DL control signaling must be supported.

We discussed different target deployment scenarios for enhancing the DL control signaling scheme including E-PDCCH in Rel-11. However, it is desirable to design a single DL control signaling scheme for all the scenarios.
Proposal 1:

Even though a new DL control signaling scheme is optimized that targets the MU-MIMO, CoMP with single/multiple cell IDs, and cross-carrier scheduling, we should strive for a single design for a new DL control signaling scheme for all the scenarios.
The target scenarios for designing a new DL control signaling scheme were so far discussed from a technical point of view. In addition to these technical aspects, considering traffic trends, it is desirable to apply a newly designed DL control signaling scheme to as many scenarios as possible, including non-CA and non-CoMP scenarios. In this case, it is apparent that any new DL control signaling scheme should be robust against propagation channels and UE mobility in order to ensure as wide a coverage area as that achieved by the legacy PDCCH. Thus, the following are proposed.
Proposal 2:

A newly designed DL control signaling scheme should also be applied to scenarios such as non-CA, non-MU-MIMO, and non-CoMP considering recent traffic demands.

Proposal 3:

New DL control signaling should be robust against propagation channels and UE mobility, e.g., by means of frequency diversity gain.
3. Evaluation Assumptions for Investigation

The simulation assumptions for investigating the E-PDCCH are being discussed via e-mail. The deployment scenarios for the evaluations identified so far include the CA-based HetNet, DL-MIMO, and CoMP. However, if evaluation is needed, it is preferable to reuse the assumptions made for CoMP/DL MIMO. We note that the evaluation assumptions for CA need to be decided since we do not currently have any specific assumptions for CA. However, it is not clear whether we should show the benefits of the investigations for all the targeted scenarios including CA, CoMP, and DL-MIMO. Thus, it is preferable to limit the target scenarios for evaluation. 

In addition, the benefits of the proposed DL control signaling, especially E-PDCCH, should be evaluated using the following metrics.
· BLER performance:
· Investigate PRB mapping to maximize the precoding gain, frequency diversity gain, and DCI multiplexing scheme 
· Blocking probability: 
· Investigate search space design
For all scenarios, the following assumptions could be at least used for evaluation. 

· Demodulation based on DM-RS for E-PDCCH 

· Wideband/subband CSI 

· Mobility environment such as 3 km/h, 30 km/h, 120 km/h
Proposal 4:
The scenarios for the evaluations should be limited. For the evaluation of the E-PDCCH, the following assumptions should be the baseline.

· Demodulation based on DM-RS for E-PDCCH 

· Wideband/subband CSI 
· Mobility environment such as 3 km/h, 30 km/h, 120 km/h
4. Conclusion

In this contribution, we presented our views on the DL control channel enhancement, i.e., E-PDCCH, according to the e-mail discussion. We clarified the motivations, deployment scenarios, and evaluation assumptions in order to investigate the E-PDCCH. We make the following proposals for further investigation.
Proposal 1:

Even though a new DL control signaling scheme is optimized that targets the MU-MIMO, CoMP with single/multiple cell IDs, and cross-carrier scheduling, we should strive for a single design of a new DL control signaling scheme for all the scenarios.

Proposal 2:

A newly designed DL control signaling scheme should also be applied to scenarios such as non-CA, non-MU-MIMO, and non-CoMP considering recent traffic demands.
Proposal 3:

New DL control signaling should be robust against propagation channels and UE mobility, e.g., by means of frequency diversity gain.
Proposal 4:

The scenarios for the evaluations should be limited. For the evaluation of the E-PDCCH, the following assumptions should be the baseline.

· Demodulation based on DM-RS for E-PDCCH 

· Wideband/subband CSI 
· Mobility environment such as 3 km/h, 30 km/h, 120 km/h
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