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1. Introduction
In RAN1#66bis meeting, several contributions discussed the motivation for PDCCH enhancement (E-PDCCH), and design aspects [1-7]. Also, following points were summarised to aim to agree at RAN1#66bis: 
· Motivations (if any) for the investigations of enhanced PDCCH

· The scenarios (if any) to be targeted by these investigations and corresponding evaluation assumptions.
In this contribution, we discuss the motivation of PDCCH enhancement in Rel-11 and provide system simulation result.

2. Motivation for PDCCH enhancement
Motivations for the investigation of PDCCH enhancement are listed as follows:
Downlink control channel capacity enhancement
There seems to be an increasing demand on the downlink control channel enhancement since the PDCCH capacity could be a bottleneck of the system throughput if multi-user MIMO (MU-MIMO) based scheduling is used. Furthermore, non-uniform deployment scenario (e.g. DL MIMO scenario B) would require additional PDCCH resources to serve UE scheduling for RRHs. Since the PDCCH resource region is shared with PCFICH and PHICH, the PDCCH capacity is limited although 3 OFDM symbols out of 14 OFDM symbols in a subframe could be used as a maximum. Therefore, maximum the number of scheduled UEs in a subframe could be limited, which may result in MU-MIMO performance degradation and system throughput reduction in DL MIMO scenario B. 

Observation: The PDCCH capacity could be a bottleneck of the system throughput.
Inter-cell interference mitigation
The inter-cell interference in PDCCH region could be relatively higher than that in PDSCH considering that network is not always fully loaded in real deployment scenarios. Furthermore, in PDCCH region of both RRH-deployed networks and co-channel heterogeneous networks, significant interference could occur for UEs with a specific channel situation. In particular, RRHs with different cell-ID (e.g. DL MIMO scenario C) could be expected to make serious interference problem because of the collision of PDCCH resource elements (REs) as well as CRS among Macro-cells, RRHs, and so on. Therefore, CRS-based channel estimation and PDCCH detection performance could be suffering from inter-cell interference, and this may affect system performance degradation.

Observation: The PDCCH detection performance could be degraded due to inter-cell interference, and this may affect system performance. 
Downlink control channel coverage improvement
With high number of transmit antennas, downlink data channel could achieve coverage enhancement from precoding gain. On the other hands, in Rel-8/9/10, single antenna port scheme or transmit diversity schemes are applied for PDCCH transmission, which cannot provide precoding gain with advanced antenna techniques. As a result, high aggregation level could be required to support cell edge UEs, and therefore, system throughput may be limited by PDCCH coverage.
Observation: The PDCCH coverage could bring a limitation of system throughput.
Proposal: Downlink control channel should be enhanced for downlink control channel capacity enhancement, inter-cell interference reduction and coverage improvement.
3. System-level Simulation Result
To see the performance impact by the PDCCH capacity, we evaluated system level simulation for MU-MIMO transmission according to the number of CCE for DL grant. For the PDCCH transmission, followings are assumed:
· Channel estimation for demodulation and CSI measurement for control channel: Ideal

· PDCCH transmission error: No error

· PDCCH transmission: Transmit diversity scheme for 2Tx (SFBC)

· CCE aggregation level selection: RSRP based

· The number of CCE for DL grant: Unlimited, 10 CCE and 9 CCE 

· DCI format: 1A (41-bits)

Considering PDCCH decoding in real channel estimation and inter-cell interference situation, more robust transmission of PDCCH could be required. However, since ideal channel estimation and perfect decoding of control channel are assumed, it is hard to reflect the influence of the PDCCH decoding performance degradation due to inter-cell interference. Therefore, in this simulation, we assume RSRP based CCE aggregation level selection instead of an estimated PDCCH CQI, which means more CCEs may be assigned for robust transmission of PDCCH. 

To obtain the maximum number of CCE for DCI format indication, we assume 12 REs for PCFICH, 12 REs for PHICH, 100 REs for CRS, and 3 OFDM symbols for PDCCH. As a result, 18 CCEs for control information indication is achieved as the maximum number in 5MHz system bandwidth case. When it is considered that UL grant, TPC command and other broadcast control information are indicated on PDCCH, available CCEs for DL grant could be more restricted. Therefore, in this simulation, we assume 9~10 CCEs for DL grant indication.
For the PDSCH transmission, the scenario A  for DL MIMO feedback enhancement is adopted [8]. Also, it is assumed that only one layer is allocated for a UE and the maximum number of UE for MU-MIMO scheduling is restricted to 2. Details of the simulation assumptions are listed in the Table 1 in the appendix.
MU-MIMO performance under scenario A (Macro-cell only) is shown in the Table 1. From the simulation result, we can see that average spectral efficiency is decreasing 8~13% when the maximum number of CCE for DL grant is restricted.
Table 1. System performance based on MU-MIMO transmission 
(4x2, max. 2 UE, DL MIMO scenario A)
	The maximum number of CCE for DL grant
	Average SE
(bps/Hz)
	Cell Edge Throughput
(bps/Hz)

	Unlimited
	2.19
	0.0226

	10 CCEs
	2.00 (-8.68%)
	0.0200 (-11.50%)

	9 CCEs
	1.91 (-12.79%)
	0.0192 (-15.04%)


Observation: The system performance of MU-MIMO transmission is decreasing due to the lack of PDCCH capacity.
4. Summary
In this contribution, we discussed the motivation of PDCCH enhancement and investigated MU-MIMO performance according to PDCCH capacity. From the discussion and observation, we can conclude as follow:
· Downlink control channel should be enhanced for downlink control channel capacity enhancement, inter-cell interference reduction and transmission performance improvement.
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Appendix
Table 1. System level simulation assumptions
	Parameters
	Assumption

	Channel model
	ITU UMa

	System BW 
	5MHz (FDD)

	Number of UEs per sector 
	Scenario A: 25 UEs per sector

	Number of points per sector
	Scenario A: 1 high power Macro

	Number of tx antennas at point 
	4

	Number of tx antennas at UE
	2

	Antenna configuration 
	Cross-polarized with 0.5 lambda for eNB, and UE

	Transmission scheme for PDSCH
	TM-9 (SU-/MU-MIMO dynamic switching, maximum 2UE pairing)

	Codebook 
	Rel-8 LTE codebook for 4Tx

	Transmission scheme for PDCCH
	Transmit diversity scheme for 2Tx (SFBC)

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	Chase combining

	Feedback and control channel errors 
	No error 

	UE speed
	3 km/h 

	Traffic load 
	Full buffer

	Feedback delay
	5ms

	Feedback reporting period
	5ms 

	Feedback granularity
	Mode 3-1

(Wideband PMI, Subband CQI per 4 RBs)

	DL overhead assumption 
	· 3 OFDM symbols for PDCCH 
· UE-specific RS : up to rank-2 (12 REs per RB)

· CRS: 2Tx antenna

	Channel estimation
	Ideal
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