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1. Introduction
In RAN plenary meeting (RAN#51), a new study item was agreed upon for “Downlink MIMO Enhancement for LTE-Advanced” [1]. One of the main objectives of this study is to:

· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.
In last RAN1 meeting (RAN1#65), several contributions discussed the motivations for PDCCH enhancements (E-PDCCH), and some design considerations. In this contribution, we present our initial view on the transmission and performance aspects of E-PDCCH. 
2. Discussions

Our view on the requirements for E-PDCCH design is outlined in [2]. One of the main considerations is that E-PDCCH performance is better than Rel-8 PDCCH performance. The following aspects could be considered during the study phase of the E-PDCCH design from performance aspect.

· CSI Feedback mechanism for E-PDCCH

· Transmission schemes for E-PDCCH 

· Modulation schemes 

· UE specific reference signal for E-PDCCH 

CSI feedback mechanism

The CSI information needed for E-PDCCH depends on the transmission scheme chosen for E-PDCCH, resources allocations for E-PDCCH and the need for the adaptive modulation and coding. However, we don’t expect any new feedback mechanism defined for E-PDCCH. Our understanding is that it is up to eNB to use the available CSI for E-PDCCH link adaptation. 

If dynamic resources allocations for E-PDCCH are supported, then best sub-bands needs to be identified. Further, E-PDCCH operation becomes like scheduling. We think dynamic resources allocation for E-PDCCH is not feasible considering system complexity.  Therefore, we think semi-static resources could be used for E-PDCCH. 

Transmission schemes for E-PDCCH

Since E-PDSCH is based on UE specific reference signals, transmission mode 9 (TM9) defined for PDSCH is the natural choice to be considered for E-PDSCH. However, TM9 supports transparent SU/MU-MIMO operation, and we need to carefully consider whether MU-MIMO for E-PDCCH is needed, and its signalling impacts and requirements for feedback. Therefore, the following options could be studied further.   

Option 1: TM9 SU/MU-MIMO 

Option 2: Open-loop MIMO based on UE-RS without multi-user support 
Option 3: Open-loop MIMO based on UE-RS with multi-user support 

Open-loop MIMO could be either beam forming or transmit diversity. Transmit diversity with CRS is seen as robust transmission scheme for PDCCH, and particularly for cell edge coverage. It is therefore beneficial to study transmit diversity scheme with UE-RS for E-PDCCH. 
Modulation schemes:

Higher order modulation (HOM) scheme could improve the spectral efficiency, and leading increased E-PDCCH capacity. Potentially, 16QAM could be studies. However, we need to consider the signalling aspects and CSI feedback mechanism for adaptive modulation scheme based on link adaptation. Alternatively, blind identification of modulation scheme (between QPSK and 16QAM) is possible at UE with increased UE implementation complexity. In Rel-9, CCE aggregation is used for link adaptation. To simplify the implementation, and keep the Rel-8 PDCCH coding chain (REG-5 in [2]), we suggest sticking with QPSK for E-PDCCH, and not to support adaptive modulation.

UE specific reference signal for E-PDCCH 

In general, Rel-10 DM-RS (ports 7, 8, ..., 14) could be used for channel estimation of E-PDCCH equalization. However, the E-PDCCH performance depends how E-PDCCH is multiplexed and mapped in the sub-frame. This is to be further studied to identify whether we need new UE specific reference signal optimized for E-PDCCH, based on the agreed E-PDCCH multiplexing and mapping.  

In appendix, we show preliminary results for BLER for E-PDCCH based on Rel-10 DM-RS. We assume E-PDCCH is mapped in the first slot of the sub-frame. We observe E-PDCCH error floor at high speed, as expected with the used DM-RS mapping. It is for further study whether new UE specific reference signal is to be defined for E-PDCCH or Rel-10 DM-RS could be used,  once E-PDCCH mapping is agreed.

3. Conclusion

We provided our initial view on the performance aspects for Rel-11 PDCCH enhancements (E-PDCCH). We propose RAN1 to investigate further on performance aspects of E-PDCCH, along with signalling requirments. 
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Figure 1: Performance of DM-RS based E-PDCCH in TU6 with 3, 30 and 120km/h

Table 1: Simulation Assumptions 
	Parameter
	Value

	Bandwidth 
	10MHz 

	Antenna Configuration
	eNB: 2Tx 
UE: 2Rx


	Number of antenna ports
	2 CRS ports and 1 DM-RS port (port #7) 


	Transmission scheme for E-PDCCH
	Open loop beam forming


	CFI
	2 

	E-PDCCH mapping
	Localized PRB allocations {0, 1, 2, 3} and E-PDCCH mapped into first slot of the sub-frame. 

	DCI payloads
	42 bits

	Aggregation level
	2

	Channel Model
	TU6 with 3 km/h and 120km/h 

	DCI blind decoding
	None

	Receiver Type
	Linear MMSE

	Channel Estimation
	Non-ideal



































































































































