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1 Introduction

In last RAN1 meeting, RAN1 agreed some working assumptions for E-PDCCH design in [1] and simulation assumptions for evaluation of E-PDCCH design solution in [2] to evaluate the proposed solutions. In this contribution, we provide preliminary performance evaluation results for E-PDCCH. We provided our views on E-PDCCH design in our companion paper [3]. 
2 Discussion on performance evaluations
We evaluate the E-PDCCH performance according to the simulation assumptions in [2]. Detailed simulation assumptions are also specified in the Annex. Our views and design proposals for E-PDCCH are discussed in [3]. We evaluate the following E-PDCCH multiplexing schemes:
· Option 1: FDM with two slots  

· Option 2: FDM with one slot

and the following transmission schemes:

· Closed loop beam forming (BF) with wideband PMI (PUSCH 3-1)
· Tx diversity (SFBC) 
We assume that E-PDCCH modulation symbols are mapped in the PRB similar to PDSCH modulation symbols mapped in the PRB. We also assume 3 PRB pairs allocated for E-PDCCH if mapped in 2 slots (Option-1) and 6 PRBs allocated for E-PDCCH if mapped in 1 slot (Option-2). We assume E-PDCCH coding chain as shown in the Annex. 
E-PDCCH multiplexing:  
Figure 1 shows a performance comparison between the legacy PDCCH and E-PDCCH multiplexing options for ETU and EPA channel models with localized PRB allocations for E-PDCCH. The block error rate (BLER) is plotted as a function of the received SNR. Performance of E-PDCCH is worse than that for the legacy PDCCH for both the EPA and ETU channel models due to lower frequency diversity gain. Among the two E-PDCCH multiplexing options, Option-2 provides better performance due to frequency diversity resulting from spread of E-PDCCH modulation symbols on 6PRBs compared to 3 PRB pairs in Option-1 mapping. Similar performance comparison is observed in Figure 3 with distributed PRB allocations for E-PDCCH. 
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Figure 1: E-PDCCH performance with FDM mapping options with localized PRBs
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Figure 2: E-PDCCH performance with FDM mapping options with distributed PRBs

Figure 3 shows performance comparison between localized and distributed PRB allocations for E-PDCCH with multiplexing option 1 for ETU channel model. As expected, E-PDCCH performance with distributed PRB allocations is better than local   with localized PRB allocations.
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Figure 3: E-PDCCH performance with localized and distributed mappings in ETU

Observation 1: FDM multiplexing with 2 slots (Option-1) shows very close performance to FDM multiplexing with 1 slot (Option-2), where the channel condition is favorable to Option-2.  

Observation 2: Distributed PRB allocations for E-PDCCH shall be considered for E-PDCCH design, although the results shown for ETU channel condition favours distributed PRB allocations. 

E-PDCCH transmission schemes:  
Figure 4 shows closed loop beam forming and transmit diversity using SFBC performance in ETU channel with localized PRB mapping. Due to frequency selective nature of ETU channel, and the wideband PMI feedback used with beam forming, SFBC shows better performance than beam forming. Figure 5 shows E-PDCCH performance comparison against legacy PDCCH performance. Due to significant frequency diversity gain in PDCCH, it outperforms E-PDCCH. E-PDCCH performances with different aggregation levels are shown in Figure 6 for beam forming and in Figure 7 for transmit diversity schemes. Again, legacy PDCCH performance is better than E-PDCCH performance with SFBC. This performance trend is also observed in Figure 8 for EPA channel with UE speed of 3kmph. 
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Figure 4: E-PDCCH performance with transmission schemes
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Figure 5: E-PDCCH performance comparison with legacy PDCCH for tx diversity
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Figure 6: E-PDCCH beam forming performance with aggregation levels
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Figure 7: E-PDCCH performance comparison with legacy PDCCH with aggregation levels
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Figure 8: E-PDCCH performance comparison with legacy PDCCH in EPA channel

3 Conclusion

We provided preliminary performance results for E-PDCCH design in this contribution. Further evaluations using more realistic channel model is needed to identify performance benefits with different transmission schemes. We also observe legacy PDCCH performance is better than the evaluated E-PDCCH design options, due to frequency diversity and favorable channel condition. We recommend RAN1 to discuss to further align simulation assumptions for further evaluations.
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5 Annex 
Table 1: Simulation Assumptions 
	Parameter
	Value

	System bandwidth 
	10MHz 

	Antenna Configuration
	eNB: 2Tx and 4Tx
UE: 2Rx



	Number of antenna ports
	2 and 4 CRS ports

2 DM-RS ports 

2 CSI-RS ports



	DCI format
	2C



	CCE aggregation level
	1, 2, 4 and 8

	CFI
	2 

	Transmission scheme for E-PDCCH
	i. Open-loop beam forming

ii. Closed loop beam forming

iii. Tx diversity



	E-PDCCH mapping option
	i. FDM with two slots (Option-1)
ii. FDM with one slot (Option-2)


	PRB allocations for E-PDCCH 
	i. Localized PRB allocations 

ii. Distributed PRB allocations

 

	E-PDSCH RE mapping within PRB
	Same as PDSCH to RE mapping. 

· 3 PRBs allocated for E-PDCCH if mapped in 2 slots (Option-1)

· 6 PRBs allocated for E-PDCCH if mapped in 1 slot (Option-2)


	Carrier frequency
	2.0 GHz

	Channel Model
	ETU (Uncorrelated)


	UE speed
	3 km/h 30 km/h and 120km/h 


	DCI blind decoding
	None

	Receiver Type
	Linear MMSE

	Channel Estimation
	Non-ideal (based on DM-RS)

	CSI feedback
	· Mode 3-1, wideband PMI, PUSCH, Based on CSI-RS

· CSI feedback delay: 10ms (5 & 20ms are optional)

· UE feeds back assuming rank 1 (SU)

· Error free feedback with Rel-10 codebooks
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Figure 9: Block diagram for E-PDCCH coding chain 
_1381835335.vsd
E-PDCCH Multiplexing & Scrambling


Modulation
Mapper



