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1 Introduction

In this contribution we provide additional link simulation results for PDSCH for shortened TTI in LTE downlink.

2 Evaluation of puncturing PDSCH with sPDSCH
To enable such coexistence between short and legacy TTI length UEs on the same carrier, some form of multiplexing is needed. One proposal is that shortened TTIs are FDM within the system bandwidth together with 1 ms TTI [1]. As an alternative to FDM, puncturing has been proposed to share the time-frequency resources between legacy and short TTI lengths. A motivation to this was to enable fast scheduling of short TTI transmissions, when legacy PDSCH transmissions have already been scheduled.

In the system evaluation in [1], a legacy packet is assumed to be lost when a short TTI packet arrives, although it is claimed to be a “fairly pessimistic assumption”. We evaluate this in the following simulations.

2.1 Simulation assumptions

The simulation are carried out as a legacy 1-ms TTI link, with simulation parameters following the settings used in the other link level evaluations, based on the WF on evaluation methodology [2], [3]. See Table 1.
Table 1
Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	2/4/7/14 symbols

	Puncturing TTI
	2,3,4,7 symbols TTI. sTTI transmission placed in second TTI, depending on TTI length: 6 PRB at symbol 7-13, 10 PRB at symbol 6-9; 14 PRB at symbols 5-7; or 23 PRB at symbols 4-5.

	Interference model
	Random QPSK transmission, same power as PDSCH RE

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA

	UE speed
	3km/h (5.56 Hz)

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

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM4, TM4

	RS configuration
	2 CRS ports

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 1

	Link adaptation
	Disabled

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

	Precoding codebook
	Fixed

	TBS determination
	Calculated from modulation and code rate

	HARQ retransmission
	Disabled

	Performance metrics
	BLER and throughput

	Control channel overhead
	2CCE (72RE) reserved for short PDCCH transmission each short TTI

	Imperfections
	RX imperfections and 6% TX EVM, (standard value in RAN4)


The short TTI transmission is not explicitly transmitted, but instead modeled as random QPSK transmission, with the same power level as the legacy TTI transmission.

In contrary to [1], where the sTTI UE transmission was punctured using the full bandwidth, in this simulation we employ a more legacy-friendly approach, where we let only 6 PRB, for 7-symbols TTI, be allocated to short TTI. For shorter TTI lengths, a wider sTTI allocation is used, as seen in Table 1. 
2.2 Evaluation results

In Figure 1, simulated BLER is shown for a legacy PDSCH transmission that has been punctured with short TTIs of different lengths. For 7 symbols TTI, 6 PRB is used, and for shorter TTI lengths, a wider frequency allocation is used to keep the number of data RE constant.
In the figure, both QPSK r1/3 and 16QAM r3/4 are used. Already for this relatively small sTTI transmission, the QPSK reception loses 3-9 dB at 10% BLER. For the 16-QAM r3/4, the reception totally breaks down.
Observation 1 Puncturing TTI by sTTI will destroy performance for legacy users.
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Figure 1. PDSCH BLER for legacy PDSCH transmission for QPSK r1/3 and 16QAM r3/4, when being punctured by sTTI. For 7-symbol TTI, sTTI allocation is 6PRB (increased for shorter TTI lengths). 

In order to check an even more legacy-friendly case, Figure 2 shows a simulation with half the frequency allocation for sTTI (3 PRB fo 7-symbol TTI), and a lower coderate with 16QAM r1/2. We see that the BLER is not 100% anymore, but too high to allow any reliable transmission.

Obviously, since the legacy receiver is unaware of the sTTI transmission in part of the legacy TTI, it will receive erroneous soft values to the decoding chain that completely destroy the decoding.

Observation 2 Even with very small sTTI allocation and low legacy TTI coderate, performance for legacy users is severely impacted.
Proposal 1 Puncturing of TTI by sTTI is not further considered.
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Figure 2. PDSCH BLER for legacy PDSCH transmission for 16QAM r1/2, when being punctured by sTTI. For 7-symbol TTI, sTTI allocation is 3PRB (increased for shorter TTI lengths).
2.3 Comparison of CRS and DMRS
This section shows demodulation performance of CRS and DMRS-based transmission. In Figure 3, results are shown for 16-QAM r 3/4 modulation and an EPA channel. The DMRS results use PRB bundling of 3 PRB in frequency, improving channel estimation of DMRS. The DMRS results for 2-symbol TTI are both shown with DMRS in every TTI, as well as only in every second TTI, assuming that the same UE has been scheduled recently. This reduces the DMRS overhead.
As can be observed in the figure, the BLER performance is essentially the same, while the DMRS-based demodulation has a throughput that is a bit below the CRS-based throughput, due to the higher overhead. 

In Figure 4, demodulation performance is shown using a channel model using 8 cross-polarized TX antennas, and 2 RX antennas. The channel profile is an EPA channel and the correlation model with high spatial correlation, as defined in [4], section B.2.3A.3, with the correlation defined with α=β=0.9, γ=0.3.
The simulations in Figure 4 use a fixed MCS and fixed rank 1, but employ precoder feedback, estimated using CSI-RS. With this channel model, the DMRS-based schemes can benefit from beamforming gains, which is clearly visible in the figure. For a given SNR, the BLER for DMRS-based transmission modes is significantly lower than for CRS-based modes, and the resulting throughput for low and medium SNR levels is better using DMRS than using CRS.

The 10% BLER results in Figure 3 and Figure 4 are tabulated in the appendix.
Observation 3 DMRS based demodulation for short TTI provides throughput benefit over CRS based demodulation when considering beamforming gains.
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Figure 3. CRS and DMRS demodulation performance. EPA LOW, 3 km/h, 50 PRB, rank 1, 16QAM r3/4. PRB bundling of 3 PRB in frequency.
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Figure 4. CRS and DMRS demodulation performance. EPA XPOL HIGH, 3 km/h, 50 PRB, rank 1, 16QAM r3/4. PRB bundling of 3 PRB in frequency.
3 Summary
In this contribution we discussed some aspects on link level performance for short TTIs in downlink transmissions. The above discussion is summarized with the following observations and proposals:
Observation 1
Puncturing TTI by sTTI will destroy performance for legacy users.
Observation 2
Even with very small sTTI allocation and low legacy TTI coderate, performance for legacy users is severely impacted.
Observation 3
DMRS based demodulation for short TTI provides throughput benefit over CRS based demodulation when considering beamforming gains.
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Proposal 1
Puncturing of TTI by sTTI is not further considered.
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5 Appendix: BLER results
5.1 Puncturing results of PDSCH by sPDSCH

EPA LOW, 3 km/h, 50 PRB, rank 1, 6 PRB sTTI puncturing for TTI length 7
	SNR at
10% BLER 

	No puncturing 
	Punct TTI length 2  
	Punct TTI length 3  
	Punct TTI length 4  
	Punct TTI length 7  

	QPSK r1/3
	0.52 dB
	3.75 dB
	4.51 dB
	4.60 dB
	9.39 dB

	16QAM r3/4 
	13.62 dB
	-
	-
	-
	-


EPA LOW, 3 km/h, 50 PRB, rank 1, 3 PRB sTTI puncturing for TTI length 7

	SNR at
10% BLER 

	No puncturing 
	Punct TTI length 2  
	Punct TTI length 3  
	Punct TTI length 4  
	Punct TTI length 7  

	16QAM r1/2 
	8.74 dB
	-
	-
	-
	-


5.2 Comparison of CRS and DMRS

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

	SNR at
10% BLER 

Throughput 
	TTI length=2, CRS 
	TTI length=2, DMRS 
	TTI length=2, DMRS, 1/2 time 
	TTI length=4, CRS 
	TTI length=4, DMRS 
	TTI length=7, CRS 
	TTI length=7, DMRS 
	TTI length=14, CRS 
	TTI length=14, DMRS 

	16QAM r3/4 
	13.50 dB 
13.22 Mbps 
	13.58 dB 
9.33 Mbps 
	13.63 dB 
11.28 Mbps 
	13.87 dB 
13.74 Mbps 
	13.56 dB 
11.79 Mbps 
	13.71 dB 
13.91 Mbps 
	13.87 dB 
12.61 Mbps 
	13.62 dB 
14.24 Mbps 
	13.70 dB 
12.94 Mbps 



EPA XPOL HIGH, 3 km/h, 50 PRB, rank 1 prb_bundl:3

	SNR at
10% BLER

 
Throughput 
	TTI length=2, CRS 
	TTI length=2, DMRS 
	TTI length=2, DMRS, 1/2 time 
	TTI length=4, CRS 
	TTI length=4, DMRS 
	TTI length=7, CRS 
	TTI length=7, DMRS 
	TTI length=14, CRS 
	TTI length=14, DMRS 

	16QAM r3/4 
	6.97 dB 
13.22 Mbps 
	4.36 dB 
9.33 Mbps 
	4.38 dB 
11.28 Mbps 
	7.29 dB 
13.74 Mbps 
	4.33 dB 
11.79 Mbps 
	7.13 dB 
13.91 Mbps 
	4.57 dB 
12.61 Mbps 
	7.11 dB 
14.24 Mbps 
	4.44 dB 
12.94 Mbps 
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