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1 Introduction
This contribution presents an initial system level simulation evaluation for SU-MIMO comparing the performance of Rel-10 PDCCH with an Enhanced PDCCH (E-PDCCH) mapped on the PDSCH region ‎[1]. Results for both homogeneous networks and heterogeneous networks with enhanced interference coordination are provided. In addition, some considerations on E-PDCCH in MU-MIMO scenario are provided.
The main purpose of the contribution is to estimate potential gains and needs of an E-PDCCH compared to the Rel-10 PDCCH based on the proposal provided in ‎[1].

2 SU-MIMO system level simulations

2.1 Assumptions/Methodology

Homogeneous networks and heterogeneous networks (Configuration 1) without and with ICIC were simulated. The assumptions for PDCCH and E-PDCCH simulations are listed in Table 1. Since a discussion on the E-PDCCH design details has not yet been carried out in RAN1, the respective parameters should be considered as preliminary. A respective proposal for an E-PDCCH design is discussed in ‎[1].

Additional simulation assumptions are provided in Annex A. 
Table 1: PDCCH and E-PDCCH assumptions

	 Parameter
	Assumption/Value

	
	PDCCH
	E-PDCCH

	DCI Format 
(DL assignments)
	Format 2 (59 bit payload)
	Format 2 (59 bit payload)

	Resource / power sharing between (E-)PDCCHs
	· Dynamic sharing between DL assignments

· No sharing between DL and UL assignments
	· E-PDCCH mapped onto PDSCH region (RBs) with UL and DL assignments 

· DL and UL assignments paired on 1 PRB pair with identical aggregation size

	Transmit power control
	min/max offset: -6 / +4 dB
	No power control

	Transmission/allocation scheme
	SFBC
	· Single layer transmission using codebook based precoding for two antenna ports, E-PDCCH mapped within the allocated PDSCH resource for a given UE
· E-PDCCH allocated localized

	Aggregation sizes
	[1 2 4 8] CCEs per DCI
	[1 2 4 8] PRBs for a  combination of DL and UL DCI

	Search Space assumptions
	· No limitation considered

· Common search space not considered
	· No limitation considered

· Common search space not considered

	Control overhead
	· Dynamically allocated per subframe (1,2 or 3 OFDM symbols) depending on required number of CCEs for PDCCHs maximizing estimated DL throughput

· Identical overhead (CCEs) for UL and DL assignments considered

· PCFICH and PHICH overhead considered
	· Number of RBs for E-PDCCH dynamically allocated
· No PDCCH overhead. 
· PHICH and PCFICH overhead considered

	Control error model
	Intercell interference on CCE level considering CCE power control and utilization, EESM model, PDCCH error causing loss of PDSCH
	Precoded PDSCH/E-PDCCH intercell interference considered , EESM model, E-PDCCH error causing loss of PDSCH


2.2 Simulation Results

In the homogeneous network scenario, due to precoding and frequency scheduling, the SINR distribution of the E-PDCCH is significantly better than for the PDCCH (2.5 - 4 dB) which is shown in Figure 1. Hence, the E-PDCCH can be transmitted with a higher code rate causing less control overhead in terms of REs. This is reflected in the average and cell-edge user throughput results provided in Table 3 showing a gain of 9.3 % and 9.4 % for average and cell-edge user throughput respectively.
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Figure 1: (E-)PDCCH SINR (allocated CCEs/RBs only)

Table 2: Summarized results – homogeneous network
	
	PDCCH
	E-PDCCH
	E-PDCCH gain

	Average User TP [Mbit/s]
	0.841
	0.918
	+9.3%

	5%-tile User TP [Mbit/s]
	0.360
	0.394
	+9.4%

	Control Channel error rate [%]
	< 3%
	< 3%
	

	Average number of scheduled DL UEs per subframe
	~ 7
	~ 7
	


In the heterogeneous network scenario, the following assumptions are considered in addition to the assumptions in homogeneous network:

· 4 Pico eNBs per Macro eNB (picos are open access nodes)

· Time domain eICIC: Macro eNBs are muted on odd subframes and Pico eNBs operate on both even and odd subframes
· Separate CQI feedback processes for ABS & non-ABS subframes

The (E-)PDCCH SINR gain for the heterogeneous network cases are similar as for the homogeneous network case in Figure 1, which results in similar gains – as shown in Table 3.

Table 3: Summarized results – heterogeneous network with eICIC, 0dB and 12dB CRE bias

	
	eICIC with 0dB CRE bias
	eICIC with 12dB CRE bias

	
	PDCCH
	E-PDCCH
	E-PDCCH gain
	PDCCH
	E-PDCCH
	E-PDCCH gain

	Average User TP [Mbit/s]
	2.836
	3.011
	6.2%
	2.826
	3.013
	+6.6%

	5%-tile User TP [Mbit/s]
	0.203
	0.219
	7.9%
	0.522
	0.565
	+8.2%

	Control Channel error rate [%]
	< 3%
	< 3%
	
	< 3%
	< 3%
	


3 MU-MIMO considerations

In case of MU-MIMO, it is natural that for the same traffic models, the required number of DCI formats to be transmitted increased compared to SU-MIMO. Our initial system level evaluations indicate that for full buffer this increase is about 25%. Applying this increase to the average number of scheduled DL UEs per subframe provided in Table 2, the number increases from ~7 to ~ 8.8 UEs per subframe for MU-MIMO.

Assuming the homogeneous network configuration in the SU-MIMO analysis above (10MHz, 2TX @ eNB) and an average CCE aggregation size of ~2.2 ‎[2], the following number of average CCEs are required per subframe:

· 2.2 x 8.8 CCEs for DL DCIs
· 2.2 x 8.8 CCEs for UL DCIs
· 8 CCEs for the common search space

Above results into 48 required CCEs on average, i.e. in a significant number of subframes more CCEs would be required. Considering that for the given system with the maximum control overhead of 3 OFDM symbols only 41 CCEs are available, it is obvious that the PDCCH resources are not sufficient. This problem can be solved by defining an E-PDCCH.

Further, it should be noted that in the following cases the PDCCH resource shortage is even more severe: 
· 4 TX antennas, since less CCE are available 
· Non full buffer traffic, since more UEs may need to be scheduled in a single subframe. 

4 Conclusions / Observations

Observation from initial system level simulation results:

· E-PDCCH shows gain vs. PDCCH in both homogeneous network scenario and heterogeneous network scenario

· In homogeneous network scenario, E-PDCCH provides ~ 9% gain in average user throughput as well as in cell-edge throughput

· In heterogeneous network scenario with 12 dB CRE bias, E-PDCCH provides ~ 7-8% gain in average user throughput as well as in cell-edge throughput
· MU-MIMO would have the case of the shortage of PDCCH resource.
Additional potential performance gain from E-PDCCH:

· E-PDCCH multi-layer transmission further reducing the control overhead in RE domain

· Application of ICIC for low geometry UEs, which is not possible for PDCCH

· Application of transmit power control for E-PDCCH

· MU-MIMO and /or non-full buffer case, where more UEs per subframe need to be scheduled compared to full-buffer SU-MIMO.
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Appendix

Table A1: General simulation parameters

	Parameter
	Assumption/Value

	Deployment scenario
	Homogeneous network: 57 cells

Heterogeneous network: 57 macro cells, Configuration 1 as defined in ‎[3] for pico cells

	Handover margin 
	1 dB

	Serving cell attachment 
	RSRP-based (considering bias in case of cell range expansion)

	Scheduler 
	Proportional fair frequency selective scheduling in both Macro eNBs and Pico eNBs

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macro cell ISD
	500m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30 dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern, 120 degree sector

	Macro eNB antenna downtilt
	15 degrees

	Pico eNB antenna pattern
	Omni-directional

	Macro eNB antenna gain
	17dBi

	Pico eNB antenna gain
	5dBi

	Antenna configuration
	2-Tx 0.5 lambda, 2-Rx 0.5 lambda for all links

	Minimum distance between Pico eNBs and Macro eNBs
	35m

	Minimum distance between 
Pico eNBs
	40m

	Minimum distance between 
Macro eNB and UEs
	35m

	Minimum distance between 
Pico eNB and UEs
	10m

	Fast Fading Channel 
	ITU UMa for Macro and Pico cells

	MIMO transmission modes
	DL transmission mode 4 
(closed loop 2x2 SU-MIMO with dynamic rank adaptation)

	CQI Feedback 
	Sub-band CQI (PUSCH mode 3-1 as defined in ‎[4]), periodically every 1 ms with 5ms delay

	Path loss model
	Model 1 as defined in ‎[3]

	Traffic model
	Full buffer
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