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

1. Discussion
As discussed in [1], short TTI should be supported with both CRS and DMRS based transmission modes. In this contribution we study CRS demodulation, which can be done reusing the existing CRS structure. Compared to the results presented in [2], the performance of shortened PDSCH with CRS based demodulation is tested in additional scenarios including ETU channel model and rank 4. DMRS simulation results are presented in [3].

Evaluation results
This section presents selected results for the link-level simulation performance of PDSCH transmission with short and legacy length TTI. Results for all simulated combinations of parameters given in Table 1 can be found in the Appendix.
Simulation assumptions
The following table specifies the settings used in the link level evaluations, based on the WF on evaluation methodology [4], [5].
In addition to the PDSCH data channel, a shortened PDCCH control channel, is modeled with reserved resources, see [6]. In each short TTI, 72 RE (2 CCE) are reserved for scheduling, and not available for data transmission.
Table 1	Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	1/2/4/7/14 symbols

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA, EVA, ETU

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

	Antenna configuration
	2Tx (eNB), 2Rx (UE). For rank4: 4Tx, 4Rx

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM4 

	RS configuration
	2 CRS ports for rank 1 and 2; 4 CRS ports for rank 4

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 1, 2 or 4

	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)



TM4 results, using CRS
Figure 1 shows PDSCH demodulation performance (both throughput and BLER) for a single layer using CRS, for an EPA channel with low correlation. Simulation for both QPSK 1/3, 16QAM 3/4 and 64QAM 5/6 are shown in the same figure. In addition to simulations of short TTI length between 1 and 7 symbols, legacy TTI length of 14 symbols is shown as reference.
From the figure it can be seen that the peak throughput is slightly lowered with decreasing TTI length. This is due to short PDCCH scheduling overhead (72 RE per short TTI), and also CRC overhead, which is 24 bits per short TTI.
The BLER performance is quite similar for the different TTI lengths. One thing that gives a slight performance difference is that channel estimation filtering can be done more with longer TTIs having a looser timing constraint. For short TTI length, not as much buffering and filtering can be done, but the effect is rather small.
[image: R:\users\enikand\svn\fga\2016\RAN1_84_Feb2016_low_latency\results\ssf\spdsch_r1_84_crs_results_figure184012110.png][image: R:\users\enikand\svn\fga\2016\RAN1_84_Feb2016_low_latency\results\ssf\spdsch_r1_84_crs_results_figure184012111.png]
[bookmark: _Ref441675390]Figure 1. CRS demodulation performance. EPA LOW, 3 km/h, 50 PRB, rank 1. 
The three curve sets correspond to QPSK 1/3, 16QAM 3/4 and 64QAM 5/6, respectively.
Both throughput and BLER shown.
In Figure 2, the same simulation environment as in the previous figure is used, but now with a rank 2 transmission. The behavior is rather similar to the previous figure, but here, even higher SNR levels would be required for the high coding rate.
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[bookmark: _Ref441676431]Figure 2. CRS demodulation performance. EPA LOW, 3 km/h, 50 PRB, rank 2.
In Figure 3, the simulation is extended to rank 4, now with 4 TX and 4 RX antennas. The behavior for shorter TTI lengths is consistent, however for single-symbol TTI, some performance drop can be seen.
1. Legacy CRS structure supports up to rank 4 transmission with short TTI
1. Support up to at least rank 2 transmission with sTTI with a CRS based TM without any additional reference symbols
1. Study until RAN1 #85 whether rank 3 and 4 can be supported in addition
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[bookmark: _Ref446518621]Figure 3. CRS demodulation performance. EPA LOW, 3 km/h, 50 PRB, rank 4
In Figure 4, single layer transmission is again shown, but now for an EVA channel at 60 km/h speed. Similar behaviour can be observed as for the EPA 3 km/h channel. In Figure 5, single layer transmission is shown, for an ETU channel at 60 km/h speed. For both these cases, the performance for different TTI lengths is similar.
1. Legacy CRS structure supports EPA, EVA and ETU channel models.
1. Difference in performance at 10% BLER for sTTI length on 1, 2 4, and 7 symbols compared to 14 symbol TTI with the channels EPA, EVA and ETU is tolerable. 
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[bookmark: _Ref441676588]Figure 4. CRS demodulation performance. EVA LOW, 60 km/h, 50 PRB, rank 1
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[bookmark: _Ref446518640]Figure 5. CRS demodulation performance. ETU LOW, 60 km/h, 50 PRB, rank 1

1. Summary
In this contribution we discussed link level performance for short TTIs in downlink transmissions. The above discussion is summarized with the following observations and proposals:
1. Legacy CRS structure supports up to rank 4 transmission with short TTI
1. Legacy CRS structure supports EPA, EVA and ETU channel models .
1. Difference in performance at 10% BLER for sTTI length on 1, 2 4, and 7 symbols compared to 14 symbol TTI with the channels EPA, EVA and ETU is tolerable
1. Support up to at least rank 2 transmission with sTTI with a CRS based TM without any additional reference symbols
1. Study until RAN1 #85 whether rank 3 and 4 can be supported in addition
References
[bookmark: _Ref441739574]R1-157146, Overview of TTI shortening, Ericsson, RAN1#83, November 2015.
[bookmark: _Ref447207500]R1-160933, Link level evaluation of PDSCH for short TTI, Ericsson., RAN1#84, February 2016 
[bookmark: _Ref447260587]R1-16xxxx, Link evaluation for PDSCH for short TTI with DMRS based transmission, Ericsson, RAN1#84bis, April 2016
[bookmark: _Ref442269031]R1-157806, WF on evaluation methodology for latency reduction, Ericsson et al., RAN1#83, November 2015
[bookmark: _Ref447138891]R1-161422, Way forward on simulation results and methodology, Ericsson, RAN1#84, February 2016
[bookmark: _Ref447138096]R1-16xxxx, Physical layer aspects of short TTI for downlink transmissions, Ericsson, RAN1#84bis, April 2016

Appendix: BLER results
CRS results, 10% BLER
EPA LOW, 3 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	1.02 
	0.65 
	0.59 
	0.49 
	0.52 

	16QAM r3/4 
	13.72 
	13.50 
	13.87 
	13.71 
	13.62 

	64QAM r5/6 
	22.50 
	22.02 
	22.14 
	22.72 
	22.38 



EPA LOW, 3 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	6.81 
	6.32 
	6.27 
	6.17 
	6.16 

	16QAM r3/4 
	23.13 
	22.79 
	23.31 
	23.07 
	22.93 

	64QAM r5/6 
	32.81 
	32.15 
	32.39 
	33.01 
	32.53 



EPA LOW, 3 km/h, 50 PRB, rank 4
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	3.55 
	3.44 
	3.42 
	3.32 
	3.46 

	16QAM r3/4 
	23.47 
	23.22 
	23.53 
	23.77 
	23.78 

	64QAM r5/6 
	35.46 
	34.78 
	34.93 
	34.75 
	35.10 



EPA LOW, 60 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	1.12 
	0.69 
	0.50 
	0.38 
	0.15 

	16QAM r3/4 
	14.21 
	13.58 
	13.29 
	13.10 
	13.33 

	64QAM r5/6 
	22.98 
	22.04 
	21.53 
	22.19 
	22.21 



EPA LOW, 60 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	6.66 
	6.10 
	5.86 
	5.67 
	5.45 

	16QAM r3/4 
	23.14 
	22.48 
	22.68 
	22.57 
	23.18 

	64QAM r5/6 
	>36 
	35.03 
	32.76 
	34.26 
	34.68 



EVA LOW, 3 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	-0.73 
	-0.99 
	-0.98 
	-1.06 
	-1.07 

	16QAM r3/4 
	12.02 
	11.92 
	12.16 
	12.02 
	12.06 

	64QAM r5/6 
	20.76 
	20.39 
	20.45 
	20.78 
	20.67 



EVA LOW, 3 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	3.91 
	3.52 
	3.56 
	3.45 
	3.43 

	16QAM r3/4 
	20.13 
	20.00 
	20.36 
	20.08 
	20.08 

	64QAM r5/6 
	31.99 
	31.04 
	31.25 
	31.70 
	31.38 



EVA LOW, 3 km/h, 50 PRB, rank 4
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	2.94 
	2.90 
	2.90 
	2.80 
	2.95 

	16QAM r3/4 
	22.17 
	22.06 
	22.16 
	22.16 
	22.10 

	64QAM r5/6 
	>36 
	>36 
	>36 
	>36 
	>36 



EVA LOW, 60 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	-0.06 
	-0.40 
	-0.55 
	-0.69 
	-0.84 

	16QAM r3/4 
	12.74 
	12.41 
	12.27 
	12.09 
	12.15 

	64QAM r5/6 
	22.27 
	21.21 
	20.70 
	21.16 
	20.83 



EVA LOW, 60 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	4.56 
	4.21 
	4.10 
	3.97 
	3.79 

	16QAM r3/4 
	21.11 
	20.59 
	20.70 
	20.42 
	20.47 

	64QAM r5/6 
	>36 
	35.40 
	32.29 
	33.55 
	33.08 



ETU LOW, 3 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	-0.71 
	-1.04 
	-1.06 
	-1.13 
	-1.18 

	16QAM r3/4 
	12.08 
	11.90 
	12.19 
	12.00 
	12.01 

	64QAM r5/6 
	23.52 
	22.79 
	22.93 
	23.62 
	23.30 



ETU LOW, 3 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	4.20 
	3.80 
	3.79 
	3.65 
	3.60 

	16QAM r3/4 
	23.28 
	22.83 
	23.62 
	22.99 
	23.00 

	64QAM r5/6 
	>36 
	>36 
	>36 
	>36 
	>36 



ETU LOW, 3 km/h, 50 PRB, rank 4
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	3.11 
	3.01 
	2.99 
	2.88 
	3.01 

	16QAM r3/4 
	27.26 
	27.08 
	27.99 
	28.62 
	29.97 

	64QAM r5/6 
	>36 
	>36 
	>36 
	>36 
	>36 



ETU LOW, 60 km/h, 50 PRB, rank 1
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	0.08 
	-0.30 
	-0.47 
	-0.60 
	-0.77 

	16QAM r3/4 
	12.88 
	12.57 
	12.46 
	12.22 
	12.21 

	64QAM r5/6 
	24.59 
	23.00 
	22.44 
	23.09 
	22.27 



ETU LOW, 60 km/h, 50 PRB, rank 2
	SNR at 10% BLER 
	TTI length=1 
	TTI length=2 
	TTI length=4 
	TTI length=7 
	TTI length=14 

	QPSK r1/3 
	4.62 
	4.25 
	4.13 
	4.00 
	3.72 

	16QAM r3/4 
	22.71 
	21.92 
	22.02 
	21.55 
	21.37 

	64QAM r5/6 
	>36 
	>36 
	>36 
	>36 
	>36 
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