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1. Introduction
In RAN1#67, it was agreed to support distributed transmission for ePDCCH. Random precoding has been suggested as a candidate for spatial diversity for distributed ePDCCH [1-4]. In this contribution, we provide link performance for distributed ePDCCH with random precoding and compare the performance with legacy PDCCH for the same code rate.  
2. Link Performance 

Distributed transmission is expected to be used when accurate channel state information is unavailable or for common control information targeted to a group of UEs.  In addition to the frequency diversity gain achieved with distributed transmission, spatial diversity can be provided to improve robustness. Random precoding is a form of spatial diversity scheme that has the benefit of being transparent to the UE with DM-RS based demodulation – the eNB can select different precoders for each PRB-pair to which the distributed ePDCCH is mapped. A single DM-RS antenna port is used for ePDCCH demodulation. 
The distributed ePDCCH structure considered is shown in Figure 1. A diversity order of 4 is used for distributed mapping. ePDCCH DL assignments (2/4/8 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 demodulating the ePDCCH. 
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Figure 1 – Distributed ePDCCH Mapping 

For legacy PDCCH, same structure as in Rel8 is assumed (with 4 port CRS).
Figure 1 compares the performance of distributed ePDCCH with random precoding with legacy PDCCH for different aggregation levels for 43bits DCI format 0/1A. Simulation assumptions are summarized in Annex A.  
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Figure 1: Legacy PDCCH (solid) v/s Distributed ePDCCH (dotted, random precoding), 8/4/2 CCEs, 4x2 FSTD, ETU5

Table 1 summarizes the legacy PDCCH and distributed ePDCCH performance for DCI payload size of 43bits (0/1A) with 2/4/8 aggregation levels at 1% BLER.

Table 2. Legacy PDCCH and distributed ePDCCH performance for DCI 0/1A (43 bits). 

	Aggregation Level
	SINR requirement for 1% BLER (dB)

	
	Legacy 
PDCCH
	Distributed ePDCCH (random precoding) 

	2
	-1.2
	1.4

	4
	-4.1
	-1.5

	8
	-6.5
	-3.5


The following observations can be made from the results:
· Distributed ePDCCH performance is approximately 2.6-3 dB worse (larger for lower operating SNR) than legacy PDCCH for the same aggregation level (and same code rate) due to channel estimation loss with per-RB channel estimation.

· For performance similar to legacy PDCCH, approximately twice the aggregation level (twice the number of REs) is needed for distributed ePDCCH.
· Higher aggregation levels (e.g. 16 eCCE aggregation) should be considered for ePDCCH to ensure same coverage as that of legacy PDCCH.
· Improvements in ePDCCH channel estimation (and hence ePDCCH performance) by increasing the DM-RS density can be considered.
· Interference coordination for the ePDCCH (interference blanking/muting on ePDCCH PRB-pairs) can be used. However, the ePDCCH performance improvement is at the expense of control efficiency which would be significantly worse than legacy PDCCH. It should be noted that although PDSCH PRB-pairs aligned with ePDCCH PRB-pairs of neighbor cells can be deboosted or muted they must all be deboosted or muted since neighbor cells do not know which ePDCCH PRB-pairs a given cell is using in any given subframe.  This seems to be expensive especially if multiple neighbor cells ePDCCH must be accommodated. Impact on system performance needs to be considered. 
· ePDCCH performance improvement due to power boosting of ePDCCH PRB-pairs can be considered when some of the PDSCH PRB-pairs are used. However, it should be noted that legacy PDCCH can also be improved with power boosting/deboosting and is efficiently facilitated by the alignment of the legacy control regions between cells. Assuming that power deboosting benefits are only achieved with legacy PDCCH and not with the ePDCCH, ePDCCH performance is expected to be approximately another 1dB worse than the legacy PDCCH for the same Area Coverage Reliability (ACR) with 3GPP Case 3 deployment scenario.   
3. Observations
The following observations can be made comparing the performance of distributed ePDCCH (random precoding) with legacy PDCCH:

· Distributed ePDCCH performance is approximately 2.6-3 dB worse (larger for lower operating SNR) than legacy PDCCH for the same aggregation level (and same code rate) due to channel estimation loss with per-RB channel estimation.

· For performance similar to legacy PDCCH, approximately twice the aggregation level (twice the number of REs) is needed for distributed ePDCCH.

· Higher aggregation levels (e.g. 16 eCCE aggregation) should be considered for ePDCCH to ensure same coverage as that of legacy PDCCH.
· Improvements in ePDCCH channel estimation (and hence ePDCCH performance) by increasing the DM-RS density can be considered.

· Interference coordination for the ePDCCH (interference blanking/muting on ePDCCH PRB-pairs) can be used. However, the ePDCCH performance improvement is at the expense of control efficiency which would be significantly worse than legacy PDCCH. It should be noted that although PDSCH PRB-pairs aligned with ePDCCH PRB-pairs of neighbor cells can be deboosted or muted they must all be deboosted or muted since neighbor cells do not know which ePDCCH PRB-pairs a given cell is using in any given subframe.  This seems to be expensive especially if multiple neighbor cells ePDCCH must be accommodated. Impact on system performance needs to be considered. 

· ePDCCH performance improvement due to power boosting of ePDCCH PRB-pairs can be considered when some of the PDSCH PRB-pairs are used. However, it should be noted that legacy PDCCH can also be improved with power boosting/deboosting and is efficiently facilitated by the alignment of the legacy control regions between cells. Assuming that power deboosting benefits are only achieved with legacy PDCCH and not with the ePDCCH, ePDCCH performance is expected to be approximately another 1dB worse than the legacy PDCCH for the same Area Coverage Reliability (ACR) with 3GPP Case 3 deployment scenario.   
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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
	2/4/8 CCE aggregation level

	ePDCCH parameters
	FDM (grant occupying both slots). 

CCE size = 36 REs 

	ePDCCH mapping
	Distributed

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

	ePDCCH Transmission scheme
	Rank-1 based on Rel-10 codebook random precoding: random precoder selected for each of the 4 PRB-pairs, DM-RS-based transmission

	Channel Estimation
	Non-ideal

	DCI size
	43 bits (0/1A)



