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1. Introduction
The simulation assumptions for link performance evaluation of enhanced control channels were agreed in RAN1#66b and email discussion after the meeting [1]. In this contribution, we provide initial link performance for various EPDCCH multiplexing options. 
2. Link Performance 

Initial link evaluation results are considered for two E-PDCCH multiplexing options, FDM and FDM+TDM with localized and distributed allocations.  We also provide results for legacy PDCCH performance as baseline. The simulation assumptions are in Annex A. The followed structures were simulated.
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Figure 1 –E-PDCCH Mapping 

FDM structure (localized): E-PDCCH DL assignments (1 or 2 CCE, one CCE=36REs) occupy a PRB-pair across both slots of the subframe. The PRB-pair is selected from semi-statically configured 4 PRB-pairs which are approximately equally spaced with the channel bandwidth. UE-specific RS in both slots of the subframe are used for decoding the E-PDCCH. 
 FDM structure (distributed): E-PDCCH DL assignments (8 CCEs, one CCE=36REs) occupy 4 PRB-pairs across both slots of the subframe. The 4 PRB-pairs are semi-statically configured with approximately equal spacing within the channel bandwidth. UE-specific RS in both slots of the subframe are used for decoding the E-PDCCH.
FDM+TDM structure (localized): E-PDCCH DL assignments (1 or 2 CCE, one CCE=36REs) spans 2PRBs (contiguous) only in the first slot of a subframe. The starting PRB is selected from semi-statically configured 4 PRB positions which are approximately equally spaced within the channel bandwidth. UE-specific RS in the first slot of the subframe is only used for E-PDCCH decoding. 

 FDM+TDM structure (distributed): E-PDCCH DL assignments (8 CCEs, CCE=36REs) occupy 8 PRBs only in the first slot of a subframe. The 8 PRBs are semi-statically configured with approximately equal spacing within the channel bandwidth. UE-specific RS in the first slot of the subframe is only used for E-PDCCH decoding.
For legacy PDCCH, same structure as in Rel8 is assumed (with 4 port CRS).
Table 1 summarizes legacy PDCCH performance for two DCI payload sizes – 43bits (1A) and 58 bits (2C). Corresponding link results are shown in Figure B1.

Table 1. Legacy PDCCH performance 

	Aggregation Level
	SINR requirement for 1% BLER (dB)

	
	DCI 1A
	DCI 2C

	1
	2.8
	6.2

	2
	-1.2
	0.4

	4
	-4.1
	-2.8

	8
	-6.5
	-5.5


Table 2 compares performance of FDM (localized, with precoding) vs. FDM+TDM (localized, with precoding) vs. legacy PDCCH for DCI format 1A and DCI format 2C. Corresponding link results are shown in Figure B2 and B3.

Table 2. FDM and FDM+TDM localized performance. 

	Aggregation Level
	SINR requirement for 1% BLER (dB) 

	
	Legacy 
PDCCH
	FDM
(localized)
	FDM+TDM
(localized)

	DCI 1A – 1CCE
	2.8
	2.9
	3.2

	DCI 1A – 2CCE
	-1.2
	0.3
	0.5

	DCI 2C – 1CCE
	6.2
	5.0
	5.4

	DCI 2C – 2CCE
	0.4
	1.3
	1.4


Table 3 compares performance of FDM (distributed, 4PRB pair, with precoding) vs. FDM+TDM (distributed 8 PRBs, with precoding) vs. legacy PDCCH for DCI format 1A and DCI format 2C. Corresponding link results are shown in Figure B4.

Table 3. FDM and FDM+TDM distributed performance. 
	Aggregation Level
	SINR requirement for 1% BLER (dB) 

	
	Legacy 
PDCCH
	FDM
(distributed, 
4PRB pairs)
	FDM+TDM
(distributed, 
8 PRBs)

	DCI 1A – 8CCE
	-6.5
	-4.0
	-3.5


The following observations can be made from the results:
· For localized allocations, E-PDCCH performance is comparable to that of legacy PDCCH with performance improving with higher operating SNR, i.e. DCI format 2C (and small aggregation levels). The performance improvement can be attributed to improved channel estimation at higher SNR.
· Link performance of FDM+TDM is up to 0.5dB worse than FDM due to restriction on channel estimation based on DM-RS in first slot

· For distributed allocations which are typically targeted for low SNR UEs, i.e., higher aggregation levels, performance of E-PDCCH (even with wideband PMI feedback, no feedback errors) is 2.5 dB worse than legacy PDCCH due to channel estimation loss with per-RB channel estimation at low operating SNR. 
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Annex A

Table A1 summarize the simulation assumptions.

Table A1

	Parameter
	Value

	System Bandwidth
	10 MHz system BW (Carrier Frequency : 2 GHz)

	Antenna configuration eNB/UE 
	eNB : 4 port CRS , 4 port CSI-RS, 1 port DMRS

UE : 2 Rx

	Channel
	ETU 3 kmph

	PDCCH parameters
	1, 2, 4, 8 CCE aggregation level

	EPDCCH parameters
	TDM+FDM (grant occupying 1st slot only) 
FDM (grant occupying both slots). 

CCE size = 36 REs 

	EPDCCH search space
	Localized: Frequency-selective scheduling of E-PDCCH based on CSI feedback for four search space PRB-pairs.

FDM: E-PDCCH PRB-pair selected from semi-statically configured 4 PRB-pairs which are approximately equally spaced within the channel bandwidth.

FDM+TDM: Starting PRB is selected from semi-statically configured 4 PRB positions which are approximately equally spaced within the channel bandwidth.


	E-PDCCH mapping
	Localized
TDM+FDM: 1or 2 CCEs mapped  to two contiguous PRBs 

FDM: 1 or 2 CCEs mapped to a PRB-pair

Feedback: Subband PMI/CQI; applicable only to PRBs in search space

Distributed

TDM+FDM: 8 CCEs over 8 PRBs equally-spaced over the channel bandwidth 
FDM: 8CCEs over 4 PRB-pairs equally-spaced over the channel bandwidth

Feedback: Wideband CQI/PMI

	EPDCCH Transmission scheme
	Rank-1 based on Rel-10 codebook precoding,  DM-RS-based transmission

	Channel Estimation
	Non-ideal

	CSI Feedback
	10ms feedback periodicity, 8ms delay, CSI-RS based estimation

	DCI size
	43 bits (1A), 58 bits (2C)


Annex B – Link Performance 
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DCI Format 0/1A PDCCH performance – 43bits, 4x2 FSTD, ETU5
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DCI Format 2C PDCCH performance – 58bits, 4x2 FSTD, ETU5

Figure B1: Legacy PDCCH performance 
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PDCCH v/s E-PDCCH – Localized, 1CCE, 4x2 FSTD, ETU5
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PDCCH v/s E-PDCCH – Localized, 2CCE, 4x2 FSTD, ETU5

Figure B2: DCI Format 0/1A Localized, PDCCH v/s E-PDCCH 
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PDCCH v/s E-PDCCH – Localized, 1CCE, 4x2 FSTD, ETU5
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PDCCH v/s E-PDCCH – Localized, 2CCE, 4x2 FSTD, ETU5

Figure B3: DCI Format 2C Localized, PDCCH v/s E-PDCCH 
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Figure B4: PDCCH v/s E-PDCCH – Distributed, 8CCE, 4x2 FSTD, ETU5
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