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In this contribution we provide link simulation results for the PDCCH for shortened TTI in LTE downlink.
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 [2], [3], and is proposed to be coded in a similar way as PDCCH and transmitted in the first symbol every short TTI.
Simulated in this paper is sPDCCH demodulation using CRS. Future study is to design a DMRS-based sPDCCH, operable without dependence on CRS.
Evaluation results
This section presents link-level simulation performance for sPDCCH transmission.
Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	Short TTI bandwidth
	25 RB (5 MHz), corresponding to 50% of 10 MHz carrier

	TTI length
	4

	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, Figure 1 shows also BLER for PDCCH (dashed). The results for PDCCH and sPDCCH are very similar, as they are designed in a very similar way. The sPDCCH tends to show slightly better results, which may be explained by the placement of the REs. In the simulated setup, the sPDCCH uses a randomized placement over the frequency region allocated to short TTIs, whereas the PDCCH uses the standardized placement according to RE groups. A similar placement structure for sPDCCH is for future study, instead of the present random placement, likely leading to results for sPDCCH that are comparable to legacy PDCCH.
Observation:
· The sPDCCH can be designed with performance comparable to PDCCH.

For all simulations, a TTI length of 4 OFDM symbols is used, but this does not affect the performance.
In Table 1, required SNR levels for achieving sPDCCH BLER of 1% are given for different code rates. As discussed in [2] and [3], the payloads may be around 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, 25RB 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. sPDCCH BLER. EPA LOW, 3 km/h, 25RB allocation, 2 CCE
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[bookmark: _Ref441784660]Figure 3. sPDCCH BLER. EPA LOW, 3 km/h, 25RB 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, 25RB allocation.
	Payload including CRC
	1 CCE
	2 CCE
	4 CCE

	30
	2,8071
	-0,37307
	-3,4676

	40
	4,6218
	0,84392
	-2,2033

	50
	6,3229
	2,0276
	-1,0856

	60
	8,4325
	3,1237
	-0,09024

	70
	12,1595
	3,9908
	0,6545
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[bookmark: _Ref441784550][bookmark: _GoBack]Figure 4. sPDCCH BLER. EVA LOW, 60 km/h, 25RB allocation, 1 CCE
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Figure 5. sPDCCH BLER. EVA LOW, 60 km/h, 25RB allocation, 2 CCE
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[bookmark: _Ref441784561]Figure 6. sPDCCH BLER. EVA LOW, 60 km/h, 25RB 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
	1.3954
	-1.8405
	-4.1872

	40
	3.1419
	-0.60776
	-3.2972

	50
	4.9293
	0.48675
	-2.4516

	60
	7.2017
	1.5158
	-1.613

	70
	12.2559
	2.4279
	-0.87304





Conclusion
In this contribution we discussed link level performance for sPDCCH transmissions. The above discussion is summarized with the following observation:
Observation:
· The sPDCCH can be designed with performance comparable to PDCCH.
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