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1. Introduction
In Rel-13, a study item on latency reduction in LTE was approved. RAN1 is tasked to study topics such as TTI shortening and reduced processing times. In this contribution, we provide link-level evaluation of PDSCH with TTI shortening. 
2. 
Discussion
In this section, we focus on the link-level performance evaluation of low latency LTE in PDSCH for various shortened TTIs.
2.1 Simulation Parameters
Selected shortened TTI lengths are shown in Table 1 with: (1) One-symbol, (2) Two-symbol, (3) Three-symbol, (4) Four-symbol, (5) Seven-symbol and (6) Legacy TTI. The simulation parameters are listed in Table 2. 
Table 1 Shortened TTIs and resources of Case 1
	Shortened TTI Choices
	Symbol Index
	Number of RBs
	RB Index
	Performance Compensation (dB)

	One-symbol 
	7 (1)
	33
	5:21, 30:45
	0

	
	8 (2)
	22
	8:18, 32:42
	0

	Two-symbol
	6-7
	11
	10:14, 36:41
	0

	Three-symbol
	3-5
	8
	7:10, 40:43
	-0.1336

	Four-symbol
	3-6
	6
	7:9, 35:37
	0

	Seven-symbol
	7-14
	4
	5,15, 30,39
	0.6127

	Legacy TTI
	3-14
	2
	12, 38
	0


The number of RBs in each case is selected to ensure that the TBS and the code rate are identical or close to that of the legacy LTE. To kept same level of coding rate and fixed TB size, number of RBs varies for different TTI lengths. For longer TTI length, the frequency diversity could be smaller due to fewer RBs. 
Further, to compensate the code rates not identical to that simulated for Legacy TTI, compensation factors are introduced. It is calculated as 10*log10(RE1 / RE0), which RE1 is for real RE，RE0 is 264 from the reference Legacy TTI.  
Table 2 Simulation Parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	1/2/3/4/7/14 symbols 

	Allocated bandwidth
	Case 1. In order to keep TBS and code rate the same for different scenarios, the allocated number of PRBs is scaled as the TTI length. Considering the CRSs on the shortened symbols. 
Case 2. 25 PRBs 

	Channel model
	EVA, EPA 

	UE speed
	3km/h, 60km/h

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

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	RS configuration
	TM4: 2 CRS ports;

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Rank2

	Link adaptation
	Disabled

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

	Precoding codebook
	Fixed

	TBS determination
	Case 1. 152, 768, 1296
Case 2. Targeting certain code rate among different TTI lengths

	HARQ retransmission
	Disabled 

	Performance metrics
	BLER


2.2
Link Level Simulations 1
In this section, we present simulation results under the simulation parameters as Table 1 and Table 2 above for case 1: Allocated bandwidth is scaled with TTI lengths, to keep same code rate. Figure 1 ~ Figure 5 show PDSCH demodulation performance of BLER in EVA channel. And, the performance for EPA channel is shown in Figure 6 ~ Figure 10.  
2.2.1
EVA

Figure 1 ~ Figure 3 show the performance for UE speed of 3km/h. And in Figure 4 ~ Figure 5, the performance of 60km/h is presented. 
[image: image1.emf]-4 -2 0 2 4 6 8 10 12 14

10

-3

10

-2

10

-1

10

0

QPSK,1/3，3km/h, EVA

SNRdB(Es/N0)

BLER

 

 

Lagecy LTE

Seven-Symbol

Four-Symbol

Three-Symbol

Two-Symbol

One-Symbol 1

One-Symbol 2


Figure 1 
Observation 1: For lower modulation order and UE velocity, most of short TTI performs better than legacy LTE.

Observation 2: One-symbol TTI performs better with CRS in same symbol than those without CRS. 
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Figure 2
Observation 3:  Since seven-symbol TTI has both frequency and time diversity, it performs better in low-medium SNR. In high SNR, one-symbol TTI with CRS in same symbol goes better.
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Figure 3
Observation 4: With the increasing of modulation order, the channel estimation weights more for performances. Seven-symbol TTI performs even better. 
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Figure 4
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Figure 5
Observation 5: With the increasing of UE velocity, the channel estimation also weights more for performances. 
2.2.2
EPA
Figure 6 ~ Figure 8 show the performance for UE speed of 3km/h. And in Figure 9 ~ Figure 10, the performance of 60km/h is presented. 
3km/h
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Figure 6
Observation 6: Compared with EVA, EPA has less multi-path effect. The frequency/time diversity contributes less gain. The performance differences are small.
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Figure 7
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Figure 8
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Figure 9
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Figure 10
Observation 7: With the increasing of modulation order and UE velocity in EPA, the channel estimation also weights more for performances. Seven-symbol TTI also show better performance. 
2.3
Link Level Simulations 2
In this section, we present simulation results under the system parameters as Table 2 above for case 2: TBS is calculated from modulation and code rate with the same 25 RBs for different scenarios. The OFDM symbol’s index for different shortened TTI length is described in Table 3 or Table 4. The throughput is calculated by: TBS×(1-BLER) ×12/m/1ms, wherein, m is the symbol number for each shortened TTI. 
2.3.1
EPA
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Figure 11
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Figure 12
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Figure 13

The throughput and BLER are shown in figure 11 ~ figure 13 for EPA channel with UE speed of 3 km/h. And, the SNR for BLER=0.1 for each scenario is shown in table 3. 
Table 3 
	Number of symbols
	1
	2
	3
	4
	7
	14

	Symbol Index
	8
	10
	4-5
	9-10
	5-7
	9-11
	5-8
	8-11
	8-14
	3-14

	QPSK r1/3(SNR at 10% BLER)
	8.70
	8.10
	8.20
	8.70
	7.90
	8.25
	7.60
	7.60
	7.65
	7.45

	16QAM r3/4(SNR at 10% BLER)
	23.50
	22.40
	22.80
	22.50
	22.50
	22.50
	23.15
	22.30
	22.50
	21.80

	64QAM r5/6(SNR at 10% BLER)
	30.80
	31.30
	30.90
	31.05
	29.60
	30.15
	31.00
	30.15
	30.80
	30.85


2.3.2
EVA
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Figure 14
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Figure 15

The throughput and BLER are shown in figure 14~ figure 15 for EVA channel with UE speed of 60 km/h. And, the SNR for BLER=0.1 for each scenario is shown in table 4. 

Table 4 
	Number of symbols
	1
	2
	3
	4
	7
	14

	Symbol Index
	8
	10
	4-5
	9-10
	5-7
	9-11
	5-8
	8-11
	8-14
	3-14

	QPSK r1/3(SNR at 10% BLER)
	5.80
	5.35
	5.60
	5.45
	4.95
	5.50
	4.63
	5.00
	5.30
	4.35

	16QAM r3/4(SNR at 10% BLER)
	21.40
	20.65
	21.15
	20.75
	20.80
	20.75
	20.90
	20.45
	21.45
	20.70


Observation 8: For same allocated 25 RBs, the BLER performance differences between each scenario are around 1 dB. However, higher difference of the throughput can be observed. The shortened TTI with 2/3 symbols have higher throughput. 
Proposal 1: Shortened TTI lengths with 2 and 3(4) symbols should be considered with higher priority. 
3. Conclusions
In this contribution, we performed link-level evaluations for shortened TTI operations in downlink LTE. We have following observations:
Observation 1: For lower modulation order and UE velocity, most of short TTI performs better than legacy LTE.

Observation 2: One-symbol TTI performs better with CRS in same symbol than those without CRS. 

Observation 3:  Since seven-symbol TTI has both frequency and time diversity, it performs better in low-medium SNR. In high SNR, one-symbol TTI with CRS in same symbol goes better.
Observation 4: With the increasing of modulation order, the channel estimation weights more for performances. Seven-symbol TTI performs even better.

Observation 5: With the increasing of UE velocity, the channel estimation also weights more for performances.

Observation 6: Compared with EVA, EPA has less multi-path effect. The frequency/time diversity contributes less gain. The performance differences are small.

Observation 7: With the increasing of modulation order and UE velocity in EPA, the channel estimation also weights more for performances. Seven-symbol TTI also show better performance. 

Observation 8: For same allocated 25 RBs, the BLER performance differences between each scenario are around 1 dB. However, higher difference of the throughput can be observed. The shortened TTI with 2/3 symbols have higher throughput. 
Proposal 1: Shortened TTI lengths with 2 and 3(4) symbols should be considered with higher priority.  
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