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1. Introduction
In RAN1#66, DL control signalling enhancement has dealt with the investigations of enhanced PDCCH. The main discussion points were motivation of new PDCCH or enhanced PDCCH (E-PDCCH) and most needs of E-PDCCH were raised well in [1]. 
Most companies consider E-PDCCH transmission in PDSCH region with DM-RS for demodulation like R-PDCCH. Naturally E-PDCCH with DM-RS can provision beamforming gain for low mobility UEs and it is the key scenario for E-PDCCH usage. However, transmit diversity for E-PDCCH with DM-RS needs to be investigated for medium to high mobility UEs since beamforming does not work properly for high mobility UE as revealed in [2]. Although the legacy PDCCH with CRS can support the high mobility UE, its capacity seems not enough for MIMO scenario B or CoMP scenario 4 because of lack of zone splitting gain for each RRH. In this sense, it is worthwhile to discuss transmit diversity for E-PDCCH with DM-RS. We show the various observations from initial simulation works for this purpose in this document.
2. DM-RS based Transmit Diversity for E-PDCCH
We focus on three different design aspects for DM-RS based transmit diversity for E-PDCCH; (1) Random beamforming (RBF) vs SFBC, (2) distributed vs localized resource allocation and (3) cross- interleaving of multiple E-PDCCHs or not. For all evaluations in the document, we applied the following assumptions:
·  E-PDCCH is transmitted on the 1st slot only in each PRB, accordingly DM-RS REs in the 1st slot are only used for channel estimation.

·  Aggregation level of 1 has 38 REs.
·  CCE to RE mapping in frequency-first manner.
Details of the simulation assumptions are listed in Appendix A.
2.1 RBF vs SFBC

For RBF in the simulation, randomly selected precoders within Rel-8 2Tx codebook for layer 1 are employed and single precoder is applied for DM-RS as well as E-PDCCH in one slot. In the 1st evaluation, 1st slots of N PRBs distributed on frequency domain carry E-PDCCH of aggregation level of N. 
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Figure 1: RBF vs. SFBC performance of E-PDCCH, aggregation level of 1, 2, 4 and 8. UE speed=120km/h

Table 1: SNR threshold for 1% BLER of RBF vs. SFBC

	
	Random BF
	SFBC
	Performance gap

	Agg. Level 1
	11.03dB
	8.06dB
	2.97dB

	Agg. Level 2
	4.31dB
	2.88dB
	1.43dB

	Agg. Level 4
	0.60dB
	-0.14dB
	0.74dB

	Agg. Level 8
	-2.19dB
	-2.45dB
	0.26dB


From Figure 1 and Table 1, we observe that SFBC always outperforms RBF irrespective of aggregation levels. However, we note the performance gap between two schemes decreases significantly as aggregation level increases. 
Observations 1:

- 
SFBC outperforms RBF in terms of required SNR at the cost of number of antenna ports.
-  However, as aggregation level increases, performance gap between two schemes decreases.
2.2 Distributed vs Localized Resource Allocation

In the 2nd simulation, we studied the impact of resource allocation type on E-PDCCH performance. For this purpose, RBF and SFBC are employed on PRBs which are distributed or contiguously localized in frequency domain. Figure 2 shows that the distributed PRBs are beneficial for E-PDCCH transmission for both RBF and SFBC except at aggregation level 1 using only one PRB.
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(a) RBF                                           (b) SFBC
Figure 2: E-PDCCH performance of Localized vs. Distributed resource allocation
 (DCI 1A, aggregation level of 1, 2, 4 and 8, 120km/h)

Observations 2:

- 
For transmit diversity of E-PDCCH transmission, distributed resource allocation is slightly better than localized resource allocation at aggregation level 2, 4 and 8 to get more frequency diversity.
2.3 Impact from cross-interleaving
In the 3rd simulation, we evaluate impact of CCE interleaving scheme on E-PDCCH performance. For CCE allocation ‘with cross-interleaving’, E-PDCCHs share the 8 distributed PRBs. In other words, all the cross-interleaved fractions of CCE/CCEs corresponding to aggregation levels are scattered over 8 PRBs, uniformly. From the results shown in Figure 3, we find out that the cross-interleaving scheme improves E-PDCCH performance significantly for lower aggregation level. In Figure 4 and Table 2, SNR gap for 1% BLER between RBF and SFBC with cross-interleaving is remarkably reduced when compared with that without cross-interleaving. Especially, outstanding improvement of RBF arised in aggregation level 1. From the results, we can conclude ‘cross-interleaving’ is beneficial to improve E-PDCCH performance at low aggregation level.
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Figure 3: E-PDCCH performance of ‘With Interleaving’ vs. ‘Without Interleaving’ resource allocation
(DCI 1A, aggregation level of 1, 2, 4 and 8, 120km/h)
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Figure 4: E-PDCCH performance of RBF vs. SFBC

(‘With Interleaving’ resource allocation, DCI 1A, SFBF, aggregation level of 1, 2, 4 and 8, 120km/h)

Table 2: SNR threshold for 1% BLER of RBF vs. SFBC w. and w/o. Interleaving

	
	Without Interleaving
	With Interleaving

	
	RBF
	SFBC
	Performance
gap
	RBF
	SFBC
	Performance
gap

	Agg. Level 1
	11.03dB
	8.06dB
	2.97dB
	7.84dB
	6.18dB
	1.66dB

	Agg. Level 2
	4.31dB
	2.88dB
	1.43dB
	2.82dB
	2.02dB
	0.80dB

	Agg. Level 4
	0.60dB
	-0.14dB
	0.74dB
	-0.14dB
	-0.45dB
	0.31dB

	Agg. Level 8
	-2.19dB
	-2.45dB
	0.26dB
	-2.19dB
	-2.45dB
	0.26dB


Observations 3:

- 
At the low aggregation levels, E-PDCCH with cross-interleaving outperforms that without cross-interleaving.

- 
By adopting cross-interleaving, the performance gap between RBF and SFBC is significantly reduced.
3. 
Conclusions

In this contribution, we showed link-level simulation results on E-PDCCH design aspects with two transmit diversity schemes. The followings are observations from evaluation results for DM-RS based TxD for E-PDCCH:

Observations 1:

- 
SFBC outperforms RBF in terms of required SNR at the cost of antenna ports.

-  However, as aggregation level increases, performance gap between two schemes decreases.

Observations 2:

- 
For transmit diversity of E-PDCCH transmission, distributed resource allocation is slightly better than localized resource allocation at aggregation level 2, 4 and 8 to get more frequency diversity.

Observations 3:

- 
At the low aggregation levels, E-PDCCH with cross-interleaving outperforms that without cross-interleaving.

- 
By adopting cross-interleaving, the performance gap between RBF and SFBC is significantly reduced.

Based on the observations on performance and consideration point that RBF needs just one antenna port whereas SFBC consumes two antenna ports, we conclude the random beamforming with cross-interleaving is the most proper for transmit diversity for E-PDCCH based on DM-RS.
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Appendix A – Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration at eNB
	2, cross-polarized

	Antenna configuration at UE
	2, cross-polarized

	PDCCH/PDSCH configuration
	3 OFDM symbols for PDCCH, 11 for PDSCH

	E-PDCCH configuration
	eNB-to-UE transmission: in 1st slot
Symbol configuration : symbols 3-6

	Channel model
	Typical Urban

	UE velocity
	3 km/h, 30km/h, 60km/h, 90km/h, 120km/h

	Transmission scheme
	DM-RS based OL MIMO scheme
Option1: Random Beamforming

Option 2: 2-Tx transmit diversity (SFBC)

	Precoding
	Rel-8 codebook for 2-Tx

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK modulation, 
TB-CCcoding rate according to CCE size and aggregation level

	DCI formats and payload
	DCI 1A: 27 + 16CRC bits

	HARQ
	No retransmissions

	Number of allocated PRBs
	Aggregation {1, 2, 4, 8} = 1st slot of {1, 2,4,8} PRBs

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern
RBF  : DM-RS port 7

SFBC : DM-RS port 7-8

	Channel estimation algorithm
	Realistic channel estimation, no PRB-bundling
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