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1
Introduction
Based on the motivations from CA enhancement new carrier type, CoMP and DL MIMO, a working assumption for E-PDCCH was been approved in RAN1 66bis as follows [1]: 
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Meanwhile, common simulation assumptions for evaluating E-PDCCH solutions are also agreed in the meeting with the further email discussion on the selection of proper channel models [1][2]. 
Therefore, the next steps will focus on the design of competitive solutions and evaluate whether these new designs could meet the above targets and achieve a good trade-off between performance and complexity.  In this contribution, we provide some views on various design aspects of E-PDCCH.
2
Discussion on the design of E-PDCCH
2.1
Transmission scheme: Beamforming and Diversity

As discussed in many contributions, the legacy PDCCH cannot achieve beamforming gains to improve the control channel performance corresponding to the increasing number of transmit antennas whereas PDSCH has been improved significantly due the beamforming based on 8 transmit antennas. Naturally, beamforming-based E-PDCCH should be a basic solution to fill the gap between control channel and data channel.  In some case, e.g., UE with high velocity, some types of diversity should be exploited to improve the control channel performance if the UE relies on E-PDDCH for the transmission and reception. There are two kinds of TxD schemes have been discussed [3] [4] [5] (the two kind schemes can also be combined): 
· Distributed transmission scheme exploiting frequency diversity

· Transmit diversity exploiting spatial diversity
From the deployment perspective, we propose
· Proposal 1: Beamforming-based E-PDCCH should be supported in Rel-11 to  fill the gap between data and control channel.
2.2
Demodulation RS: CRS and DMRS

From Rel-10 specification, there is a paradigm shift from CRS to DMRS and CSI-RS. In the future releases, the use of CRS would be reduced due to the increasing utilization of MBSFN and the introduction of new features, e.g., CoMP, new carrier type. Thus it is more reasonable to design new functionality depending on DMRS and CSI-RS. Moreover, compared to CRS, DMRS-based solution has the following advantages:

· Facilitate spatial reuse in CoMP scenario 4
· Scale RS overhead with the practical transmission resources
Thus we propose:
· Proposal 2: Rel-10 DMRS should be used for E-PDCCH demodulation.
2.3
Multiplexing with PDSCH: TDM, FDM and FDM/TDM
TDM: PDSCH and E-PDCCH for one UE are present in the different symbols and span the whole frequency band. The OFDM symbols used for E-PDCCH transmission can be semi-static configured by higher layer or dynamic configured.
Pros:

· Micro-sleep
· UE processing time
Cons:

· (Possible) New RS design, leading to more additional overhead
· non-backward compatibility 

FDM: PDSCH and E-PDCCH for one UE are presented in different PRBs and do not overlap in the frequency domain.
Pros:

· Resource allocation is very flexible.
· Support for advanced transmission, e.g., beamforming
· Flexibility for DCI Multiplexing  

Cons:

· Decoding latency

FDM/TDM: Similar to R-PDCCH defined in Rel-10. E-PDCCH is transmitted according to a slot-based resource allocation.
Pros:

· Micro-sleep, however micro-sleep may not decrease power consumption a lot since at least one-slot will be scheduled for E-PDCCH transmission and a few OFDM symbols in the second slot is also not sleeping in order to do blind decoding
· UE processing time
Cons:

· Complexity when implement resource allocation and scheduling
· Worse demodulation performance since only one strip DM-RS can be used for E-PDCCH demodulation. it is more important when UE is moving.
Based on the above discussion,
· Proposal 3: Pure FDM based approach is preferred
2.4
Multiplexing of multiple DCI messages: TDM, FDM, CDM and SDM
As discussed in [6], the resource granularity of one PRB pair may be too large in some cases. Thus, multiplexing of different DCI messages could be considered to improve the resource efficiency. Generally speaking, there are the following approaches to address the problem:
· TDM multiple DCIs for one UE
· FDM multiple DCIs for one UE
· one example of pure FDM scheme in order for better resource utilization is as follows
· For a particular UE, split one PRB into 2 halves, i.e., 2E-CCEs, each is could be allocated for transmission DCI (Illustrated in Figure 1).
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Figure 1. Pure FDM approach of (1) multiplexing multiple DCIs (2) multiplexing E-PDCCH and PDSCH
· Prons 

· Flexible resource allocation

· provide frequency diversity.

· Better demodulation performance due to more DMRS in time-domain

· Cons

· Keep out less duration for UE to decoding DCI compared to TDM scheme.

· SDM (MU-MIMO) multiple DCIs for multiple UEs
· it is obviously that control overhead could be minimized if multiple DCIs for multiple UEs could be spatially reused. Since transmission of DCI does not take any acknowledgement from UE side based on the current specification, it is naturally to require for more restricted BLER target. MU-MIMO of multiple DCI for multiple UEs should take the performance aspects (especially the robustness) into account. 
· Hybrid approach by combining some of the above schemes
It is premature to choose the approach from the high-level views since it will be based on the evaluation outcome of multiplexing scheme between E-PDCCH and PDSCH. It is proposed that:  
· Proposal 4: Choose the detail scheme for DCI multiplexing based on the following evaluation results with consideration of robustness and blind decoding. 

3
Conclusions
In this contribution we provide some views on E-PDCCH design. Our proposals are summarized as follows:

· Proposal 1: Beamforming-based E-PDCCH should be supported in Rel-11 to fill the gap between data and control channel.
· Proposal 2: Rel-10 DMRS should be used for E-PDCCH demodulation.
· Proposal 3: Pure FDM based approach is preferred.
· Proposal 4: Choose the detail scheme for DCI multiplexing based on the following evaluation results with consideration of robustness and blind decoding. 
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Working Assumption:


Introduce an enhanced physical downlink control channel that is:


able to support increased control channel capacity


able to support frequency-domain ICIC, 


able to achieve improved spatial reuse of control channel resource 


able to support beamforming and/or diversity


able to operate on the new carrier type and in MBSFN subframes


able to coexist on the same carrier as legacy UEs


Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
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