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1. Introduction 
In this contribution we provide link simulation results for the PDCCH for shortened TTI. The details of the S-PDCCH design are presented in the companion contribution [1]. 
2. Discussion
In [1], multiple design options for shortened PDCCH (S-PDCCH) are presented to achieve sufficient diversity for reliable and robust reception of S-PDCCH. In this contribution, we discuss performance results for a distributed S-PDCCH design consisting of 36 REs based on legacy PDCCH block interleaver with 2 S-REGs per PRB as one of the potential S-PDCCH design choice.  An illustration of the S-PDCCH design is shown in Figure 1. 
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Figure 1. Illustration of the proposed S-PDCCH structure
3. Performance results
This section presents link-level simulation performance for S-PDCCH transmission based on the on evaluation methodology in [2]. 
	Parameter
	Value

	Carrier frequency
	2 GHz

	Short TTI bandwidth
	50 RB (10 MHz)

	TTI length
	2 or more symbols 

	Channel model 
	EPA, EVA

	UE speed
	3km/h (5 Hz), 60 km/h (111 Hz)

	Antenna configuration
	2Tx(eNB), 2Rx(UE)

	CP length
	Normal

	Receiver type
	MMSE

	Channel estimation
	Practical



In this contribution performance results for the CRS-based S-PDCCH is presented. 
S-PDCCH consisting of multiple CCEs (i.e. each CCE consists of 36 REs) is placed in the first symbol of the S-TTI. Figure 2(a) and Figure 2(b) show the comparison of SNR required to achieve 1% target BLER for S-PDCCH under the EVA and EPA models respectively. Figures 3-7 show BLER performance for S-PDCCH for different payloads and aggregation levels for EVA channel model. Figures 7-10 show BLER performance for S-PDCCH for different payloads for EPA channel model.  The performance of S-PDCCH is compared against legacy PDCCH. 
Based on the results following observation is made: 
Observation: The proposed S-PDCCH design has comparable decoding performance to legacy PDCCH.
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Figure 2. Target SNR required for 1% BLER 
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[bookmark: _Ref441784072]Figure 3. BLER for S-PDCCH and PDCCH, EVA 50 km/h, (s)PDCCH uses 1 CCE
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Figure 4. BLER for S-PDCCH and PDCCH, EVA 50 km/h, (s)PDCCH uses 2 CCEs
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Figure 5. BLER for S-PDCCH and PDCCH, EVA 50 km/h, (s)PDCCH uses 4 CCEs
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Figure 6. BLER for S-PDCCH and PDCCH, EVA 50 km/h, (s)PDCCH uses 8 CCEs
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Figure 7. BLER for S-PDCCH and PDCCH, EPA 3 km/h, (s)PDCCH uses 1 CCE
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Figure 8. BLER for S-PDCCH and PDCCH, EPA 3 km/h, (s)PDCCH uses 2 CCEs
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Figure 9. BLER for S-PDCCH and PDCCH, EPA 3 km/h, (s)PDCCH uses 4 CCEs
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Figure 10. BLER for S-PDCCH and PDCCH, EPA 3 km/h, (s)PDCCH uses 8 CCEs
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Table 1: S-PDCCH SNR coverage for 1% BLER for different payload and number of CCEs (EVA channel)
	Payload including CRC
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	40
	3.58
	0.4
	-3.1
	-5.5

	50
	5.2
	0.5
	-2.2
	-4.65

	60
	7.7
	1.5
	-1.4
	-3.9

	70
	12.9
	2.5
	-0.7
	-3.3



[bookmark: _Ref441784440]Table 2: S-PDCCH SNR coverage for 1% BLER for different payload and number of CCEs (EPA channel)
	Payload including CRC
	1 CCE
	2 CCE
	4 CCE
	8 CCE

	40
	3.79
	0.4
	-2.36
	-4.7

	50
	5.7
	1.5
	-2.55
	-3.99

	60
	7.4
	2.38
	-0.49
	-3.4

	70
	11.9
	3.2
	0.10
	-2.5



4. Conclusions
In this contribution, the link level performance of S-PDCCH is presented. Based on the evaluation following observations are made: 
Observation: The proposed S-PDCCH design has comparable decoding performance to legacy the PDCCH.
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