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1. [bookmark: _Ref298777854]Introduction
In this contribution we provide link simulation results for the PDCCH for shortened TTI in LTE downlink.

1. Discussion
In [1], a shortened PDCCH (sPDCCH) is presented, to be able to schedule short TTIs more often than once per subframe. This sPDCCH carries UL and DL DCIs, and is proposed to be coded in a similar way as PDCCH and transmitted in the first symbol every short TTI.
As discussed in [1], the sPDCCH can be transmitted in the first symbol of each short TTI, where a number of resource elements are used for sPDCCH, and the remaining resources are used for data. The mapping of sPDCCH to resource elements is done in a similar way as for PDCCH to increase frequency diversity. As for PDCCH, the sPDCCH can be transmitted with different CCE aggregations, where each CCE uses 36 RE.
In this paper demodulation of the CRS-based sPDCCH is simulated. 

Evaluation results
This section presents link-level simulation performance for sPDCCH transmission based on the WF on evaluation methodology [2],[3].
Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	Short TTI bandwidth
	50 RB (10 MHz)

	TTI length
	2

	Channel model 
	EPA, EVA

	UE speed
	3km/h (5.56 Hz), 60 km/h (111 Hz)

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

	CP length
	Normal

	Receiver type
	MMSE

	Channel estimation
	Practical

	Performance metrics
	BLER


Simulation results for 1, 2 or 4 CCE
Figure 1 to Figure 3 show BLER for sPDCCH (solid), for different payloads and aggregation level of 1, 2 or 4 CCEs. For comparison, the figures also show BLER for PDCCH (dashed). The results for PDCCH and sPDCCH are very similar, as they are designed in a very similar way. The placement of sPDCCH in frequency is done in a similar way as PDCCH, selecting groups of resource elements.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc447268516][bookmark: _Toc447268564][bookmark: _Toc447268593][bookmark: _Toc447268690][bookmark: _Toc447268703][bookmark: _Toc447270634][bookmark: _Toc447270659][bookmark: _Toc447270678][bookmark: _Toc447270680][bookmark: _Toc447270686][bookmark: _Toc447270703][bookmark: _Toc447270974][bookmark: _Toc447271020]The sPDCCH can be designed with same payloads usage as PDCCH.
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[bookmark: _Toc226862296][bookmark: _Ref190406817][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc447270610][bookmark: _Toc447270621][bookmark: _Toc447270657][bookmark: _Toc447270676][bookmark: _Toc447270972][bookmark: _Toc447271022]The sPDCCH can be transmitted in first symbol of every short TTI, using rest of resources for data.
[bookmark: _Toc447270611][bookmark: _Toc447270622][bookmark: _Toc447270658][bookmark: _Toc447270677][bookmark: _Toc447270973][bookmark: _Toc447271023]Map sPDCCH to resource elements similarly as PDCCH, using CCEs and resource element groups, to improve frequency diversity.

For all simulations, a TTI length of 2 OFDM symbols is used, but this does not affect the performance since sPDCCH is placed only in the first symbol.
In Table 1, required SNR levels for achieving sPDCCH BLER of 1% are given for different code rates. As discussed in [4], the payloads may be around 30-50 bits for the DCI formats.
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[bookmark: _Ref441784072]Figure 1. BLER for sPDCCH (solid) and PDCCH (dashed). EPA LOW, 3 km/h, 50PRB allocation, 1 CCE
Figure 4 to Figure 6 show simulated performance for an EVA LOW channel at 60 km/h. Tabulated performance for 1% BLER is given in Table 2.
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Figure 2. BLER for sPDCCH (solid) and PDCCH (dashed). EPA LOW, 3 km/h, 50PRB allocation, 2 CCE
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[bookmark: _Ref441784660]Figure 3. BLER for sPDCCH (solid) and PDCCH (dashed). EPA LOW, 3 km/h, 50PRB allocation, 4 CCE

[bookmark: _Ref441784440]Table 1: sPDCCH SNR coverage for 1% BLER for different payload and number of CCEs.
EPA LOW, 3 km/h, 50PRB allocation.
	Payload including CRC
	1 CCE
	2 CCE
	4 CCE

	30
	2.2948
	-1.1127
	-3.9754

	40
	4.0844
	0.24589
	-2.963

	50
	5.8727
	1.2751
	-1.7851

	60
	8.0323
	2.3714
	-0.96339

	70
	11.9942
	3.3731
	0.003019

	80
	
	4.2717
	0.58479
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[bookmark: _Ref441784550]Figure 4. BLER for sPDCCH (solid) and PDCCH (dashed). EVA LOW, 60 km/h, 50PRB allocation, 1 CCE
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Figure 5. BLER for sPDCCH (solid) and PDCCH (dashed). EVA LOW, 60 km/h, 50PRB allocation, 2 CCE
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[bookmark: _Ref441784561]Figure 6. BLER for sPDCCH (solid) and PDCCH (dashed). EVA LOW, 60 km/h, 50PRB allocation, 4 CCE

[bookmark: _Ref441784618]Table 2: sPDCCH SNR coverage for 1% BLER for different payload and number of CCEs.
EVA LOW, 60 km/h, 25RB allocation.
	Payload including CRC
	1 CCE
	2 CCE
	4 CCE

	30
	1.1129
	-2.0879
	-4.7001

	40
	2.8008
	-0.96088
	-3.5526

	50
	4.5225
	0.10141
	-2.7542

	60
	6.8983
	1.1805
	-1.9977

	70
	12.1822
	2.0945
	-1.3566

	80
	
	2.9563
	-0.66955




1. Summary
In this contribution we discussed link level performance for sPDCCH transmissions. The above discussion is summarized with the following observations and proposals:
Observation 1	The sPDCCH can be designed with same payloads usage as PDCCH.
Observation 2	The sPDCCH can be designed with decoding performance comparable to PDCCH.
Proposal 1	The sPDCCH can be transmitted in first symbol of every short TTI, using rest of resources for data.
Proposal 2	Map sPDCCH to resource elements similarly as PDCCH, using CCEs and resource element groups, to improve frequency diversity.
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