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1 Introduction
In RAN1#84bis, transmission modes for PDSCH in an S-TTI were extensively discussed. Related to this, it was agreed that both CRS and DMRS based transmission modes are recommended to be supported in Rel-14 for latency reduction [1]. 
In this contribution, we present our link level simulation results for both CRS-based and DMRS-based PDSCH for shortened TTI in LTE downlink. 
2. Discussion
We simulated the link level performance of S-PDSCH with various S-TTI lengths: 2-symbol, 3-symbol and 7-symbol S-TTI. Additionally, the PDSCH performance of the legacy TTI length (i.e., 14 symbols) is simulated for reference purposes. 

Note that channel estimation is implemented based on LMMSE using CRS transmitted in the previous subframe and CRS in the present subframe preceding the S-PDSCH transmission. The BLER values resulting from different S-TTIs are averaged and used as a measure of the link level performance. The TBS in an S-TTI is determined in proportion to the actual RE number for S-PDSCH transmission excluding the CRS REs.  

2.1 Simulation assumption 

In the simulations, CRS-based TM4 transmission was evaluated and MCSs corresponding to QPSK R=1/2, 16QAM R=3/4, 64QAM R=5/6 according to the evaluation methodology WF.
The exising DMRS pattern can be reused for S-TTI of two symbols length or more for up to rank 4 S-PDSCH transmission as each DMRS RE set spans two consecutive symbols. Certain minor modifications are required to avoid collision with CRS by shifting the DMRS REs in frequency domain. The link level evalution was conducted for the DMRS patterns shown in Figure 1 with different MCS values using the EPA channel model.
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Figure 1: DMRS patterns for different S-TTI lengths in simulations
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission Bandwidth
	10 MHz

	Channel Model
	EPA, ETU

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE

	Allocation Size 
	50 PRBs 

	Transmission mode
	TM4/TM9, Rank 1

	Modulation and code rate
	64QAM 5/6, 16QAM 3/4, QPSK 1/3

	Rank adaptation
	Fixed Rank

	Link adaptation
	Disabled

	HARQ retransmission
	Disabled 


2.2 Evaluation results
This section presents the link level simulation results of PDSCH transmission with shortened and legacy TTI length. The results for theses cases are also tabulated in the Appendix of this contribution using the agreed template to facilitate their capturing in TR 36.881.
2.2.1 TM4 results using CRS

Figure 1 and Figure 2 illustrate the throughput and BLER results for different S-TTI lengths with rank 1 transmission.  From the figures, it can be seen that legacy TTI outperforms S-TTIs in the high-SNR regime when the ETU model is used. In particular, the BLER for 64QAM reaches an error floor for S-PDSCH for the ETU channel model. This is primarily due to the fact that the number of available CRSs for channel estimation and the distance between CRS symbols and S-PDSCH symbols are quite different compared to the legacy TTI, which results in a degraded channel estimation quality for some S-TTIs. 

At the low and median coding rates and low freqeuency offset, this effect is small and the performance degradation is negligible. However, when both UE speed and MCS increase, the channel estimation quality becomes more important and, therefore, the S-TTI performance is inferior to the legacy system. For all other simulated scenarios, the throughput and BLER performance of different TTI lengths are very similar to each other.
Observation 1: S-PDSCH with CRS-based TMs shows comparable performance in low mobility scenarios and provides a means for reduction of the channel estimation processing time at the UE.
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Figure 1:  S-PDSCH demodulation performance, EPA, 3km/h, 50 PRBs, rank 1
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Figure 2:  S-PDSCH demodulation performance, ETU, 60km/h, 50 PRBs, rank 1
Note that certain processing relaxation for CRS-based transmission schemes needs to be studied to meet the latency target. For example, for the serving cell with 4 CRS ports, the S-PDSCH transmission especially for open loop schemes can be based on CRS antenna ports 0 and 1, which would help to reduce the processing burden for channel estimation and precoding operation, compared to the transmission scheme with 4 CRS ports.
Proposal 1: For a serving cell with 4 CRS ports, consider S-PDSCH transmission based on the first two ports (0, 1) to further relax the channel estimation processing time.

2.2.2 TM9 results using DMRS 
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Figure 3:  S-PDSCH demodulation performance, EPA, 3 km/h, 50 PRBs, rank 1

Figure 3 presents the BLER performance for single layer S-PDSCH transmission. From the simulation results, it can be observed that the legacy DMRS pattern provides comparable performance in all scenarios with the EPA channel model. Further studies are needed to investigate the S-TTI performance when other channel models (e.g., ETU channel model) are used. 

Observation 2:  S-PDSCH with DMRS-based TM9 show comparable performance in low mobility for the EPA channel model. 

 Proposal 2: Further study the DMRS design options for S-TTI considering other channel models.

3. Conclusions
In this contribution, we discuss various aspects for shortened TTIs operation and provided preliminary simulation results with respect to PDSCH performance for an S-TTI based on CRS and DMRS.
Based on the discussion and the simulation results in Section 2, we have the following observations and proposals:
Observation 1: S-PDSCH with CRS-based TMs shows comparable performance in low mobility scenarios and provides a means for reduction of the channel estimation processing time at the UE.
Observation 2:  S-PDSCH with DMRS-based TM9 show comparable performance in low mobility for the EPA channel model. 

Proposal 1: For a serving cell with 4 CRS ports, consider S-PDSCH transmission based on the first two ports (0, 1) to further relax the channel estimation processing time.
Proposal 2: Evaluate the DMRS design options for S-TTI considering other channel models.
We further propose to:

Proposal 3: Capture the simulation results and observations provided in this contribution in the TR . 
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5 Appendix – BLER results
5.1 CRS results, 10% BLER

EPA LOW, 3 km/h, 50 PRB, rank 1

	SNR at 10% BLER 

Throughput
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	
	-2.21 dB

3.78 Mbps
	-2.29 dB

3.82 Mbps
	
	-2.12 dB

3.94 Mbps
	-2.35 dB

3.91 Mbps

	16QAM r3/4 
	
	9.57 dB

17.37 Mbps
	9.36 dB

17.5 Mbps
	
	9.83 dB

17.64 Mbps
	9.95 dB

17.84 Mbps

	64QAM r5/6 
	
	16.91 dB

29.24 Mbps
	17.47 dB

29.21 Mbps
	
	17.21 dB

28.33 Mbps
	17.58 dB

29.35 Mbps

	50 PRB, 10 MHz system bandwidth


ETU, 60 km/h, 50 PRB, rank 1

	SNR at 10% BLER 

Throughput
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	
	-0.57 dB

3.69 Mbps
	-0.73dB

3.68 Mbps
	
	-0.72 dB

3.78Mbps
	-1.34 dB

3.72 Mbps

	16QAM r3/4 
	
	12.35 dB

17.31 Mbps
	12.24 dB

17.51Mbps
	
	12.52 dB

17.30 Mbps
	11.72 dB

17.48 Mbps

	64QAM r5/6 
	
	23.77 dB

29.63 Mbps
	23.74 dB

29.44 Mbps
	
	22.90 dB

28.44 Mbps
	20.50 dB

28.98 Mbps

	50 PRB, 10 MHz system bandwidth


5.2 DMRS results, 10% BLER

EPA, 3 km/h, 50 PRB, rank 1

	SNR at 10% BLER 

Throughput
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK r1/3 
	
	-0.85 dB

2.68 Mbps
	-1.15dB

3.09 Mbps
	
	-0.98 dB

3.42 Mbps
	-1.50 dB

3.57 Mbps

	16QAM r3/4 
	
	10.03 dB

12.65 Mbps
	10.13 dB

14.35 Mbps
	
	10.51 dB

15.92 Mbps
	10.24 dB

15.69 Mbps

	64QAM r5/6 
	
	17.91 dB

21.25 Mbps
	18.16 dB

24.08 Mbps
	
	18.94 dB

26.66 Mbps
	18.74 dB

27.23 Mbps

	50 PRB, 10 MHz system bandwidth
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