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1 Introduction

In RAN#67, the study item on latency reduction was approved [1] . The following areas are to be studied in RAN1.
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).

In this contribution, we provide some preliminary results of link-level evaluation for TTI shortening. 
2 Evaluation assumptions

As discussed in [4], we focus on BLER performance of PDSCH in this link-level evaluation. Especially, we will look into channel estimation performance for each TTI length, i.e., 14, 7 and 1 OFDM symbols.

To proceed, we need to define which TTIs are observed in the evaluation. The RE mapping for PDSCH used in each TTI length is illustrated in the following figure. As shown in Figure 1, we observe every subframe, every 2nd slot and every 4th OFDM symbol for the evaluation of subframe TTI, slot TTI, and one-symbol TTI, respectively.
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Figure 1: RE mapping of PDSCH in the observed TTI for each TTI length

We assume that the current CRS with 2 Tx antenna ports is used for the data demodulation for each TTI length. We also assume that 50 PRBs are allocated to the one-symbol-TTI UE. Table 1 is summarizing evaluation assumptions for various TTI lengths. 
Table 1: Evaluation assumptions for each TTI length
	TTI length
	Evaluation assumption
	Channel estimation

	Subframe
(14 OFDM symbols)
	- 2 Tx antenna ports
- 120 REs per PRB are used for PDSCH

- 10 PRBs are allocated to a UE

- TBS: 1544 bits
	- using CRS in the subframe

- DFT-based channel estimation interpolation is used in the frequency domain and time domain during each subframe

	Slot
(7 OFDM symbols)
	- 2 Tx antenna ports
- Every 2nd slot is observed

- 76 REs per PRB are used for PDSCH

- 10 PRBs are allocated to a UE

- TBS: 936 bits
	- using CRS in the 2nd slot

- DFT-based channel estimation interpolation is used in the frequency domain and time domain during the slot

	One symbol
(1 OFDM symbol)
	- 2 Tx antenna ports
- Every 4th slot is observed

- 12 REs per PRB are used for PDSCH

- 50 PRBs are allocated to a UE

- TBS: 776 bits
	- Option 1: using CRS in the present subframe 

- Option 2: using CRS in the previous subframe
- Option 3: using CRS in the recent previous symbol that having CRS


3 Evaluation results

With the above evaluation assumptions, we provide numerical results. In this evaluation, we define SNR as symbol energy divided by noise density. In the CRS-based channel estimation, interpolation is used in the frequency domain and time domain during each TTI.
3.1 Subframe TTI
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Figure 2: BLER performance of PDSCH for normal TTI

In Figure 2, it can be seen that BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime. This is because the high mobility UE can obtain more time diversity than the low mobility UE. This effect becomes bigger for the ideal channel estimation case. Also, at BLER equal to 0.1, there are about 0.4 dB channel estimation loss for the low mobility UE and about 0.7 dB channel estimation loss for the high mobility UE. 
Observation 1: For subframe TTI, BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime.
Observation 2: For subframe TTI, at BLER equal to 0.1, there are about 0.4 dB channel estimation loss for the low mobility UE and about 0.7 dB channel estimation loss for the high mobility UE.
3.2 Slot TTI
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Figure 3: BLER performance of PDSCH for slot TTI

For ideal channel estimation, it can be seen in Figure 3 that BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime similar to the case of subframe TTI. However, for real channel estimation, there is much channel estimation loss. This is because time-domain interpolation is performed only during a slot. We also can see that, at BLER equal to 0.1, there are about 0.7 dB channel estimation loss for the low mobility UE and about 1.1 dB channel estimation loss for the high mobility UE.
Observation 3: For slot TTI, BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime only for ideal channel estimation.
Observation 4: For slot TTI, at BLER equal to 0.1, there are about 0.7 dB channel estimation loss for the low mobility UE and about 1.1 dB channel estimation loss for the high mobility UE.
3.3 One-symbol TTI
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Figure 4: BLER performance of PDSCH for one-symbol TTI
In Figure 4, we compare BLER performance for the three options of channel estimation, which are explained in Table 1. For ideal channel estimation, mobility does not affect the performance differently from subframe TTI and slot TTI. This is because, compared to subframe TTI and slot TTI, one-symbol TTI is too short to make performance difference according to mobility. For the low mobility UE, since the channel changes slowly, the performance for Option 1 and Option 3 are almost the same, i.e., 0.6 dB channel estimation loss. On the other hand, we cannot decode PDSCH of one-symbol TTI by using Option 2 for the high mobility UE. This is because, for the high mobility UE, the information from the previous subframe is already outdated. Also, we can see the performance by using Option 3, which utilizes the CRS in the 1st OFDM symbol. The performance for Option 3 is worse than that for Options 1 and 2 for the low mobility UE. However, Option 3 is much better than Option 2 for the high mobility UE. Of course, for both low and high mobility UEs, Option 1 is superior to others because it utilizes the CRS in the present subframe. But, in order to use Option 3, the symbol-TTI UE needs to wait for the end of the subframe, which weakens the advantage of shorter TTI.
Observation 5: For ideal channel estimation, mobility does not affect the BLER performance of PDSCH of one-symbol TTI.

Observation 6: It is difficult to decode PDSCH of one-symbol TTI by using the CRS in the previous subframe for a high mobility UE.
4 Conclusions
In this contribution, we provided preliminary link-level evaluation results with BLER performance. Our observations can be summarized as below.

Observation 1: For subframe TTI, BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime.
Observation 2: For subframe TTI, at BLER equal to 0.1, there are about 0.4 dB channel estimation loss for the low mobility UE and about 0.7 dB channel estimation loss for the high mobility UE.
Observation 3: For slot TTI, BLER performance of a high mobility UE is better than that of a low mobility UE for high SNR regime only for ideal channel estimation.
Observation 4: For slot TTI, at BLER equal to 0.1, there are about 0.7 dB channel estimation loss for the low mobility UE and about 1.1 dB channel estimation loss for the high mobility UE.
Observation 5: For ideal channel estimation, mobility does not affect the BLER performance of PDSCH of one-symbol TTI.
Observation 6: It is difficult to decode PDSCH of one-symbol TTI by using the CRS in the previous subframe for a high mobility UE.
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5 Annex A: Evaluation assumptions
The evaluations in this contribution are performed with the following evaluation assumptions. 
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Allocated PRBs
	· Subframe TTI: 10 PRBs

· Slot TTI: 10 PRBs
· One-symbol TTI: 50 PRBs

	UE speed
	3 km/h or 100 km/h

	Channel model
	3GPP TU

	Transmission mode
	TM4

	Antenna configuration
	eNB Tx: 2, UE Rx: 1

	Rank adaptation
	Fixed as 1

	Link adaptation
	Off

	HARQ
	Off

	Outer loop power control
	Yes

	Receiver type
	MMSE-IRC

	Channel estimation
	Ideal / CRS-based

	Received timing delays
	0 us

	Frequency offset
	0 Hz

	PRG size
	4 PRBs

	Legacy PDCCH region
	3 OFDM symbols per subframe

	MCS level
	9 / QPSK

	Effective code rate
	· Subframe TTI: 0.654
· Slot TTI: 0.632
· One-symbol TTI: 0.667

	Observed TTI
	· Subframe TTI: every subframe

· Slot TTI: 2nd slot in each subframe

· One-symbol TTI: 4th symbol in each subframe
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