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1 Introduction

In 3GPP RAN #51, a new MIMO SID [1] for Rel-11 has been agreed. One of the objectives in this study item is to evaluate enhancements for downlink control signaling in the two following aspects:

· To support MU-MIMO;
· Based on UE-specific reference signals.
The following aims for RAN1#66bis are given in chairman notes of RAN1#66:
· Aim to agree on motivations (if any) for the investigations of enhanced PDCCH

· Aim to agree on the scenarios (if any) to be targeted by these investigations and corresponding evaluation assumptions. 

In this contribution, we discuss motivations, scenarios and simulation assumption, design principle for the investigations of enhanced PDCCH in Rel-11.

2 Motivations of enhanced PDCCH
During last two meetings, several aspects on motivations for control channel signaling enhancement are identified in [2-10], our views on motivations can be summarized as follows:

· PDCCH capacity enhancement

PDCCH Capacity in MBSFN subframe : 
Due to the fact that CRS doesn’t exist in data region in MBSFN subframes, it has no CRS overhead and no CRS interference issues in data region. Utilization of MBSFN subframes is getting more and more common especially for CoMP and eICIC.  However, the only two OFDM symbols in MBSFN subframe for control region are not sufficient [4-7].
Cross-carrier scheduling: 
Cross-carrier scheduling is introduced in Rel-10. With cross-carrier scheduling, PDCCH of the Primary CC should carry DCI of other CCs which means more control signalling overhead is needed.  If additional carrier type is introduced in Rel-11, further more PDCCH capacity may be required [2][3] [7][9]. 

Increase of user number: 
LTE-A user number is expected to increase fast, especially for M2M communication [4]. Many small PDSCH transmissions are expected to be triggered by a large number of devices. This also means more control signalling is expected.
CoMP requirement： 
To support CoMP operation, more downlink control signalling is potentially needed [11]. This can result in larger DCI format size and hence increase the overall system PDCCH capacity requirement.
RRHs with same cell ID and SFN type CRS： 
In Rel-11, if we consider new scenarios like distributed-RRHs with same cell ID and SFN Type CRS, or highly loaded hotspots, the number of UEs in a cell can potentially increase a lot. In those cases, PDCCH capacity can be the bottleneck of system performance [6][13]
The need for more aperiodic CSI feedback triggers:  
With introduction of resource-restricted CSI reports in eICIC, multi-point/multi-cell feedback in CA and CoMP, PUCCH loading is expected to be high. Because of limited PUCCH capacity, eNB tends to obtain more detailed CSI feedback from aperiodic reports. Hence the need of aperiodic CSI feedback for MU-MIMO and CoMP operation is expected to be higher. If there is no UL data, more UL grants for CSI only are needed. This again results in higher need of PDCCH capacity. 
· PDCCH performance enhancement
Potential gain can be obtained in the following areas which we can study.
Area splitting gain: 
In Rel-8/9/10, control region only supports demodulation based on CRS.  DMRS based demodulation can provide better flexibility.  It can outperform CRS based demodulation with smaller overhead especially in the correlated environment.  Furthermore, DMRS based PDCCH can exploit area splitting gain in DL-MIMO scenario B or CoMP scenario 4.
Beamforming gain：
In Rel-8/9/10, the control region only supports transmit diversity. TxD scheme is a robust transmission scheme but the efficiency may not be as good as beamforming based on spatial information especially in correlated environment. The increase of transmit antenna number can hardly bring more MIMO gain for TxD PDCCH. In some cases, performance degradation is even seen in some scenarios [10]. Beamforming is a well-known technique to improve the coverage.  In Rel-11, beamformed PDCCH is a promising direction which should be fully studied.  
Efficiency Gain from MU-MIMO and/or high order SU-MIMO [7][15][16]: 
With improved link quality due to precoding/beamforming, MU-MIMO or multi-layer SU-MIMO can be considered to further increase the PDCCH spectral efficiency especially in high SINR scenarios. Moreover, the characteristic of cross-polarized transmit antennas is suitable for rank-2 transmission. At least rank-2 transmission should be considered. 
Efficiency Gain from high order modulation scheme(e.g 16QAM) and link adaptation [14] [11] [18]:

In Rel-8/9/10, PDCCH only supports QPSK. With improved link quality due to precoding/beamforming, another direction is to support higher order modulation in high SINR region.  This increases the spectral efficiency and hence reduces overall system overhead of control channel.
Gain from using better PDCCH CSI feedback [6][16]
Accurate link adaptation can improve the performance of PDCCH. In Rel-8/9/10, PDCCH aggregation level can be determined based on wideband CSI feedback. However, CSI feedback is derived based on the assumption of PDSCH transmission with 10% BLER requirement. Since PDSCH and PDCCH are different in many sense (e.g. BLER requirement, MCS), it is expected that there is room for improvement if link adaptation of PDCCH relies solely on CSI feedback for PDSCH.  
· Flexible PDCCH Interference Coordination[2][4-9][14-16]
Although time-domain eICIC is supported in Rel-10, in some scenarios there are still interference problems for PDCCH even ABS is applied. With interleaving on PDCCH, it is hard to coordinate between cells to avoid interference. With ePDCCH, more flexible interference coordination can be done in frequency domain.

· Flexible PDCCH resource allocation/extension[4][7][16]
The existing control region is limited. Also, PDCCH can’t be benefited from frequency selective scheduling. Blocking rate can be high. Study can be done to enable more flexible resource allocation and finer granularity of PDCCH. With more efficient resource allocation, this can in turn increase overall system PDCCH capacity.  

3 Directions and Principles
In our view, PDCCH performance (including coverage, efficiency) enhancement is the most important target of DL control signaling enhancement in DL MIMO. First, we should study which areas can provide meaningful gain and the directions of ePDCCH design should be identified.  Since there is a long list of potential investigation areas, we can divide the study into two phases.  
· Performance enhancement

In phase 1, these areas are recommended to be studied with high priority:

Precoding gain based on DMRS, frequency selective scheduling gain, area splitting gain in scenario 4.

In phase 2, there areas are recommended to be studied:

High order modulation, high rank SU-MIMO or MU-MIMO, link adaptation and PDCCH CSI feedback 

In the study, how much gain should also be identified for each area.
Proposal 1:   Investigate precoding gain, frequency selective gain and area splitting gain in higher priority 
· Interference Coordination 
PDCCH Interference mitigation/avoidance should be studied in phase 1 with high priority.  It can be studied whether coordination (e.g. CoMP or eICIC) between cells done for PDSCH can be applied on ePDCCH.  Further details can be considered. e.g slot-based eICIC
Proposal 2: Study PDCCH interference coordination/avoidance in higher priority.
· Impact on PDSCH Performance
Impact on performance of Rel-8/9/10 and beyond Rel-10 PDSCH should be studied carefully.  Some design may cause scheduling restriction or resource waste which means PDSCH performance degradation in some situation (e.g. when UE loading is high).  The impact on PDSCH should be fully studied with modeling this impact in evaluation.  
Optimization should be considered to minimize the impact.  To reduce the impact of scheduling restriction, certain kind of time-multiplexing schemes for PDCCH and PDSCH can be considered. Details like potential DMRS issues e.g how to use the DMRS port and PDCCH power boosting restriction should be studied

Proposal 3: PDSCH performance impact of introducing enhanced PDCCH should be carefully studied.
· Impact on UE complexity

To introduce the enhancements like high-order modulation, multi-layer transmission or flexible scheduling, UE needs to obtain more parameters in order to decode PDCCH.  These parameters can be signaled to UE by high layer or physical layer signalling.  Or UE can perform blind decoding but this would increase the UE complexity.  UE complexity should be considered to investigate the tradeoff of these alternatives.  It is desirable to make sure blind decoding attempts don’t change significantly.  
Proposal 4: Blind decoding attempts should not be changed significantly in Rel-11
· Impact on UE procedure
Micro sleep is considered as an important feature of legacy PDCCH which means more power saving opportunity. In Rel-11, this feature should be considered if any new UE procedure is introduced on enhanced PDCCH. Timing of DL/UL grant should be carefully studied. Tradeoff like blind decoding complexity and impact on UE procedures should also be investigated. 
Proposal 5: ePDCCH timing should be considered as an important factor in design of UE procedure
4 Scenarios and simulation assumption
We can reuse most of the simulation assumptions for CoMP/DL-MIMO/eICIC. We can focus on MIMO scenarios A,C when we investigate beamforming gain and other performance enhancement schemes like multi-layer SU-MIMO, high order modulation, link adaptation, etc. For HetNet scenarios, coordination (ICIC or CoMP) can be investigated. HetNet scenarios with same cell ID(CoMP scenario 4/DL-MIMO Scenario B) and different cell IDs(CoMP scenario 3/ DL-MIMO Scenario C1) should be both considered because ICIC gain provided by ePDCCH can potentially benefit both scenarios.
Additional specific schemes for PDCCH should be identified in simulation assumption. e.g. CSI feedback for PDCCH,  link adaptation technique, restricted resource allocation, resource waste/scheduling restriction due to PDCCH, etc
Scenarios A & C are prioritized in evaluation of CSI feedback [12]. For ePDCCH evaluation, we prefer that all these 3 scenarios have the equally high priority because we expect PDCCH capacity is the bottleneck for scenario B.
Tables A1 in Appendix A contains the simulation assumptions we prefer for PDCCH evaluations under DL-MIMO scenarios.
5 Conclusion
In this contribution, we present our views on motivation of PDCCH enhancement, study directions and design principles. Our proposals are summarized as below:
Proposal 1: Investigate precoding gain, frequency selective gain and area splitting gain in higher priority  
Proposal 2: Study PDCCH Interference coordination/avoidance in higher priority
Proposal 3: PDSCH performance impact of introducing E-PDCCH should be carefully studied.
Proposal 4: Blind decoding attempts should not be changed significantly in Rel-11
Proposal 5: ePDCCH timing should be considered as an important factor in design of UE procedure
We also give our preference on simulation assumption for PDCCH in Table A1.
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Appendix A 
Table A1: PDCCH simulation assumptions under DL MIMO scenarios
	Deployment
	MIMO Scenario A [12]. 

Homogeneous macro network 
	MIMO Scenario B [12]. 

Network with low power RRHs within the macrocell coverage where the tx/rx points created by the RRHs have the same cell IDs as the macro cell
	MIMO Scenario C [12].
C1: with macro cell on the same carrier frequency

C2:with macro cell on an adjacent carrier frequency

	Antenna configurations
	Use 2,4,8 Tx and 2Rx antenna configurations defined in [12]
	Use 2,4 Tx and 2Rx antenna configurations for low power node defined in [12]
	Use 2,4 Tx and 2Rxantenna configurations for low power node defined in [12]

	Impairments model
	-  Modelling of TAE between antenna[19]
-  Modelling of Tx-Rx pair calibration error (for TDD)

	UE speed
	3km/h, 30km/h
	3km/h
	3km/h

	Blocking Model
	Only consider for legacy PDCCH first,further study for ePDCCH

	PDCCH 
	1.Legacy PDCCH(UE specific DCI)

2.Legacy PDCCH + ePDCCH(UE specific DCI)
	1.Legacy PDCCH(UE specific DCI)

2.Legacy PDCCH + ePDCCH (UE specific DCI)

3.Legacy PDCCH (Cell specific DCI),except for C2 
4.ePDCCH (Cell specific DCI) ,except for C2

	Targeted channels for evaluation
	1. Legacy PDCCH :  TxD based on CRS

2. ePDCCH(UE specific DCI):  SU-MIMO based on DMRS

MU-MIMO based on DMRS(Optional)

3. ePDCCH(Cell specific DCI):  TxD based non-precoded RS

4. PDSCH: up to 8 layer transmission defined in 36.213 for all UEs

	DCI format
	· 70% DCI format 2C for UE specific DCI

· 30% DCI format 4 for UE specific DCI
· DCI format 1C for Cell specific DCI

	PDSCH Traffic Model
	· Full buffer 

· non-full buffer

	Restriction of PDCCH scheduling 
	Time domain:

1. DL/UL Grant – can happen in 2 slots

2. DL/UL Grant-  only in the 1st slot

3. DL grant in 1st slot, UL Grant in 2nd slot

Frequency domain:

1. Dynamic
2. Semi-static RB set

	PDCCH Layer
	· Max 1layer
· Max 2layer

	modulation scheme
	· QPSK only,
· QPSK,16QAM

	CSI feedback
	Reuse PDSCH CSI,  

-  based on wideband or subband CSI feedback 

-  TDD: channel reciprocity 
-  FDD: RI/PMI/CQI feedback
CSI feedback specific for PDCCH

-  based on wideband or subband CSI feedback

-  finer granularity of specific possible range of resources can be considered

-  TDD: channel reciprocity 
-  FDD: RI/PMI/CQI feedback

	UE number
	10UEs, higher number of UEs can be considered
	Same as TR 36.814 for Heterogeneous networks

	Legacy UE ratio
	20%, 50%
	20%, 50%

	Power boosting
	0dB, 3dB
	0dB, 3dB

	Restriction of PDSCH scheduling
	Modeling of these restriction:

1. Multiplexing PDSCH and PDCCH is not allowed.
2. Allow multiplexing of PDCCH and PDSCH when they are scheduled to the same UE, allow multiplexing DL grant and UL Grant.
3. Allow multiplexing of PDCCH and PDSCH even they are scheduled to different UEs, allow multiplexing DL grant and UL Grant.

	Interference Coordination  in frequency domain for PDCCH
	1. no Interference Coordination
2.CBF,JT,DPS, semi-static eICIC 


	For scenarios B and C1:
1. no Interference Coordination
2.CBF,JT,DPS, semi-static eICIC 



	Metrics
	· PDSCH spectral efficiency

· PDCCH spectral efficiency
· PDCCH BLER 
· PDCCH coverage range


