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Introduction
[bookmark: _GoBack]In the SID [1], the following objectives were captured on the latency reduction study item [1].
	Agreements:
· According to the SID, the following aspect should be studied in RAN1
· From RAN1#83: TTI shortening and reduced processing times [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); RAN1 should perform evaluations in order to understand the feasibility and performance of TTI shortening 


In this contribution, we show the evaluation results of CRS based PDSCH transmission.
BLER performance of sPDSCH
sPDSCH structure for CRS-based transmission
[bookmark: OLE_LINK1]Figure 1 shows an example of sPDSCH structure for slot and 2-symbol TTI with 2 antenna ports and 2 PDCCH symbols. In the 3/4-symbol TTI case, Figure 2 shows one example which multiplex 3-symbol and 4-symbol TTI in 1 slot. In this structure, we can consider the multiplexing alternative of Alt.1 (as shown in figure 2(a)) and Alt.2 (as shown in figure 2(b)) respectively. However, considering the resource for UE#0, Alt.1 should be higher priority.
[image: ]
Figure 1, sPDSCH structure for slot and 2-symbol TTI
[image: ]
Figure 2, sPDSCH structure for 3/4-symbol TTI

Evaluation results
We evaluated Slot TTI, 3/4-symbol TTI and 2-symbol TTI with respect to BLER performances according to the agreed assumptions [2]. In this evaluation, we evaluated rank-1 transmission. The detailed simulation assumptions are listed in Annex.
Low mobility case
Figure 3 shows BLER performance for each sTTI in low mobility case, and also it shows BLER performance of the legacy PDSCH as a reference. Figure (a) represents EPA 3 km/h, and (b) represents ETU 3 km/h. As shown in these figures, any TTI length of 2-symbol, 3/4-symbol, and slot TTI is similar performance of that of legacy TTI.
Observation 1: 
· In low mobility case, short TTI lengths of 2-symbol, 3/4-symbol, and slot-TTI are beneficial.
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure 3. BLER performances (low mobility case, rank 1)



Table 1 and 2 show the the SINR at 10% BLER using the format in [3] to capture the TR. 
Table 1. SINR at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	4.59 dB
	5.18 dB
	3.8 dB
	3.56 dB

	16QAM 3/4
	
	15.52 dB
	16.55 dB
	14.86 dB
	14.31 dB

	64QAM 5/6
	
	22.94 dB
	23.59 dB
	22.03 dB
	21.24 dB


Table 2. SINR at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.26 dB
	3.42 dB
	1.71 dB
	1.3 dB

	16QAM 3/4
	
	14.46 dB
	15.13 dB
	13.08 dB
	12.9 dB

	64QAM 5/6
	
	21.66 dB
	22.36 dB
	20.59 dB
	20.14 dB




High mobility case
Figure 4 shows BLER performance for each sTTI in high mobility case. Figure4 (a) represents EPA 3 km/h, and (b) represents ETU 3 km/h. 
As shown in these figures, the performances of Alt. 3 with the small number of CRS samples are slightly degraded. However, the BLER performances are similar to the legacy TTI.
Observation 2: 
· In high mobility case, short TTI lengths of 2-symbol, 3/4-symbol, and slot-TTI are beneficial.
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure 4. BLER performances (high mobility case, rank 1)



Table 3 and 4 show the the SINR at 10% BLER using the format in [3] to capture the TR. 
Table 3. SINR at 10% BLER (EVA 60 km/h, rank 1) 
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3
	
	3.79 dB
	4.03 dB
	2.35 dB
	1.79 dB

	16QAM 3/4
	
	14.61 dB
	15.2 dB
	13.41 dB
	13.03 dB

	64QAM 5/6
	
	21.95 dB
	22.79 dB
	20.65 dB
	20.28 dB


Table 4. SINR at 10% BLER (ETU 60 km/h, rank 1) 
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3
	
	2.84 dB
	3.34 dB
	1.24 dB
	1.75 dB

	16QAM 3/4
	
	14.42 dB
	14.97 dB
	13.1 dB
	12.85 dB

	64QAM 5/6
	
	21.92 dB
	22.56 dB
	20.65 dB
	20.24 dB




Conclusion
In this contribution, we have the following observations:
Observation 1: 
· In low mobility case, short TTI lengths of 2-symbol, 3/4-symbol, and slot-TTI are beneficial.
Observation 2: 
· In high mobility case, short TTI lengths of 2-symbol, 3/4-symbol, and slot-TTI are beneficial.
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Annex
Evaluation assumptions


Table1: Evaluation assumption[image: ]
Throughput performances to capture TR
Table 13 – 24 show the throughput performances at 10% BLER to capture TR.
Table 5. Throughput at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.73 Mbps
	3.98 Mbps
	3.88 Mbps
	3.88 Mbps

	16QAM 3/4
	
	17.28 Mbps
	18.30 Mbps
	17.49 Mbps
	17.58 Mbps

	64QAM 5/6
	
	28.90 Mbps
	30.46 Mbps
	29.45 Mbps
	28.97 Mbps


Table 6. Throughput at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.66 Mbps
	3.91 Mbps
	3.75 Mbps
	3.64 Mbps

	16QAM 3/4
	
	17.02 Mbps
	17.82 Mbps
	16.40 Mbps
	16.58 Mbps

	64QAM 5/6
	
	28.57 Mbps
	30.81 Mbps
	28.43 Mbps
	29.14 Mbps


Table 7. Throughput at 10% BLER (EVA 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.74 Mbps
	4.08 Mbps
	3.80 Mbps
	3.85 Mbps

	16QAM 3/4
	
	17.09 Mbps
	17.75 Mbps
	16.88 Mbps
	16.78 Mbps

	64QAM 5/6
	
	29.22 Mbps
	30.08 Mbps
	28.66 Mbps
	28.84 Mbps


Table 8. Throughput at 10% BLER (ETU 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.51 Mbps
	3.88 Mbps
	3.62 Mbps
	3.77 Mbps

	16QAM 3/4
	
	17.06 Mbps
	17.63 Mbps
	16.47 Mbps
	16.57 Mbps

	64QAM 5/6
	
	29.14 Mbps
	30.22 Mbps
	28.47 Mbps
	28.86 Mbps


Appendix
Channel estimation for demodulation in each sTTI
We can consider the following three channel estimation schemes:
Scheme.1 CRS included in OFDM symbols within 1 msec before the scheduled TTI is used for channel estimation.
Scheme.2 CRS from the first OFDM symbol the legacy subframe boundary including the scheduled sTTI to the scheduled TTI is used for channel estimation.
Scheme.3 If CRS is present within the scheduled TTI, only the CRS is used for channel estimation. Otherwise, CRS within one TTI before the scheduled TTI.
Figure A-1 shows Scheme 1 for UE#4 as an example. In this figure, when, UE#4 demodulates the received signal in the scheduled TTI, all the samples within 1 msec before the scheduled TTI can be used. This has a benefit for the UE at low speed condition from the channel estimation accuracy point of view.
Figure A-2 shows Scheme 2 and Scheme 3 for UE#4 as an example. The Scheme 2 is to use all the CRS samples in the subframe including the scheduled TTI and before the scheduled TTI. This assumption can be adopted in case that UE can only use the CRS samples on one subframe which includes the TTI scheduled for UE. The Scheme 3 is the simplest one based on the channel estimation only by CRS samples on scheduled TTI or nearest CRS samples among already received.. However, in this regard, since there can be no CRS within a TTI, CRS in one TTI before the scheduled TTI is used for channel estimation for demodulation when CRS is not present in the scheduled TTI. In this evaluation, we evaluated the three assumptions are assumed for link level evaluations.
	[image: ]

	Figure A-1. Averaging window of channel estimation in Scheme 1
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	Figure A-2. Averaging window of channel estimation in Scheme 2 and 3

	


BLER performance results are shown in Figure A-3 to A-6. It is observed that Scheme 1 (shown in Figure 3 and 4) and Scheme 2 (shown in Figure A-3 and A-4) achieve the best BLER performances for high and low mobility cases, respectively. Therefore, our simulation assumes Scheme 1 and Scheme 2 for low and high mobility cases, respectively.
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure A-3. BLER performances (low mobility case, Scheme 2)
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure A-4. BLER performances (high mobility case, Scheme 2)
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure A-5. BLER performances (low mobility case, Scheme 3)
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure A-6. BLER performances (high mobility case, Scheme 3)



Throughput performance results are shown in Figure A-7 to A-10. Shorter TTI transmission is beneficial from the throughput performance point of view as shown below.
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure A-7. Throughput performances (low mobility case, Scheme 2)



	[image: ]
(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure A-8. Throughput performances (high mobility case, Scheme 2)
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(a) EPA, 3 km/h
	[image: ]
(b) ETU, 3 km/h

	Figure A-9. Throughput performances (low mobility case, Scheme 3)
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure A-10. Throughput performances (high mobility case, Scheme 3)



Table 9 – 12 show the SINR at 10% BLER for Scheme 2.
Table 9. SINR at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	4.05 dB
	4.53 dB
	3.93 dB
	3.56 dB

	16QAM 3/4
	
	15.07 dB
	15.29 dB
	14.85 dB
	14.31 dB

	64QAM 5/6
	
	21.97 dB
	22.73 dB
	21.91 dB
	21.24 dB


Table 10. SINR at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.26 dB
	2.61 dB
	1.77 dB
	1.3 dB

	16QAM 3/4
	
	13.66 dB
	14.16 dB
	13.02 dB
	12.9 dB

	64QAM 5/6
	
	20.59 dB
	21.36 dB
	20.5 dB
	20.14 dB


Table 11. SINR at 10% BLER (EVA 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.72 dB
	3.08 dB
	2.17 dB
	1.79 dB

	16QAM 3/4
	
	14.02 dB
	14.35 dB
	13.65 dB
	13.03 dB

	64QAM 5/6
	
	21.78 dB
	22.76 dB
	20.71 dB
	20.28 dB


Table 12. SINR at 10% BLER (ETU 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.67 dB
	3.78 dB
	3.64 dB
	1.75 dB

	16QAM 3/4
	
	16.85 dB
	17.59 dB
	16.36 dB
	12.85 dB

	64QAM 5/6
	
	28.34 dB
	30.60 dB
	28.45 dB
	20.24 dB



Table 13 – 16 show the SINR at 10% BLER for Scheme 3.
Table 13. SINR at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.41 dB
	3.41 dB
	3.82 dB
	3.56 dB

	16QAM 3/4
	
	14.46 dB
	14.43 dB
	14.85 dB
	14.31 dB

	64QAM 5/6
	
	21.37 dB
	21.54 dB
	21.91 dB
	21.24 dB


Table 14. SINR at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	1.37 dB
	1.48 dB
	1.77 dB
	1.3 dB

	16QAM 3/4
	
	12.67 dB
	12.64 dB
	13.02 dB
	12.9 dB

	64QAM 5/6
	
	19.94 dB
	20.06 dB
	20.5 dB
	20.14 dB


Table 15. SINR at 10% BLER (EVA 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	1.93 dB
	2.09 dB
	2.17 dB
	1.79 dB

	16QAM 3/4
	
	13.12 dB
	13.65 dB
	13.65 dB
	13.03 dB

	64QAM 5/6
	
	21.67 dB
	22.64 dB
	20.71 dB
	20.28 dB


Table 16. SINR at 10% BLER (ETU 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.28 dB
	2.65 dB
	1.58 dB
	1.75 dB

	16QAM 3/4
	
	13.54 dB
	14.24 dB
	13.03 dB
	12.85 dB

	64QAM 5/6
	
	21.42 dB
	22.23 dB
	20.54 dB
	20.24 dB



Table 17 – 20 show the throughput performances at 10% BLER for Scheme 2.
Table 17. Throughput at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.79 Mbps
	3.91 Mbps
	3.90 Mbps
	3.88 Mbps

	16QAM 3/4
	
	17.32 Mbps
	17.77 Mbps
	17.44 Mbps
	17.58 Mbps

	64QAM 5/6
	
	29.41 Mbps
	29.92 Mbps
	29.52 Mbps
	28.97 Mbps


Table 18. Throughput at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.66 Mbps
	3.70 Mbps
	3.79 Mbps
	3.64 Mbps

	16QAM 3/4
	
	17.09 Mbps
	17.79 Mbps
	16.28 Mbps
	16.58 Mbps

	64QAM 5/6
	
	27.47 Mbps
	28.92 Mbps
	28.08 Mbps
	29.14 Mbps


Table 19. Throughput at 10% BLER (EVA 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.66 Mbps
	3.79 Mbps
	3.84 Mbps
	3.85 Mbps

	16QAM 3/4
	
	17.56 Mbps
	17.51 Mbps
	17.26 Mbps
	16.78 Mbps

	64QAM 5/6
	
	29.01 Mbps
	30.70 Mbps
	28.50 Mbps
	28.84 Mbps


Table 20. Throughput at 10% BLER (ETU 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.67 Mbps
	3.78 Mbps
	3.64 Mbps
	3.77 Mbps

	16QAM 3/4
	
	16.85 Mbps
	17.59 Mbps
	16.36 Mbps
	16.57 Mbps

	64QAM 5/6
	
	28.34 Mbps
	30.60 Mbps
	28.45 Mbps
	28.86 Mbps



Table 21 – 24 show the throughput performances at 10% BLER for Scheme 3.
Table 21. Throughput at 10% BLER (EPA 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.73 Mbps
	3.95 Mbps
	3.88 Mbps
	3.88 Mbps

	16QAM 3/4
	
	17.42 Mbps
	18.00 Mbps
	17.44 Mbps
	17.58 Mbps

	64QAM 5/6
	
	29.20 Mbps
	30.32 Mbps
	29.52 Mbps
	28.97 Mbps


Table 22. Throughput at 10% BLER (ETU 3 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.53 Mbps
	3.78 Mbps
	3.79 Mbps
	3.64 Mbps

	16QAM 3/4
	
	16.70 Mbps
	17.00 Mbps
	16.28 Mbps
	16.58 Mbps

	64QAM 5/6
	
	29.30 Mbps
	30.33 Mbps
	28.08 Mbps
	29.14 Mbps


Table 23. Throughput at 10% BLER (EVA 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.78 Mbps
	3.99 Mbps
	3.84 Mbps
	3.85 Mbps

	16QAM 3/4
	
	16.85 Mbps
	17.26 Mbps
	17.26 Mbps
	16.78 Mbps

	64QAM 5/6
	
	29.01 Mbps
	30.84 Mbps
	28.50 Mbps
	28.84 Mbps


Table 24. Throughput at 10% BLER (ETU 60 km/h, rank 1)
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	3.67 Mbps
	3.78 Mbps
	3.64 Mbps
	3.77 Mbps

	16QAM 3/4
	
	16.85 Mbps
	17.59 Mbps
	16.36 Mbps
	16.57 Mbps

	64QAM 5/6
	
	28.34 Mbps
	30.60 Mbps
	28.45 Mbps
	28.86 Mbps
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Modulation and code rate 64QAM 5/6, 16QAM 3/4, QPSK 1/3

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