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Introduction
In the SID, the following objectives were captured on the latency reduction study item [1].
	· 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 DM-RS based PDSCH transmission.
Performance evaluations
DM-RS design for sPDSCH
[bookmark: OLE_LINK1]Figure 1 shows DM-RS patterns for (a) slot TTI, (b) 3/4-symbol TTI, and (c) 2-symbol TTI for link-level evaluation. In this contribution, we assume slot TTI, 4-symbol TTI, 2-symbol TTI as sTTI.
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	Figure 1. sPDSCH design with DM-RS



For the DM-RS based transmission scheme, UE-specific precoding applies to the DM-RS. Therefore, the shared DM-RS is not assumed in our evaluations. 
In slot TTI case shown in (a), the legacy DM-RS pattern can be reused because DM-RS is included in each sTTI. However, in 3/4-symbol TTI and 2-symbol TTI shown in (b) and (c), the legacy DM-RS is not included in some sTTIs. Therefore, additional DM-RSs are needed. In this instance, especially in 2-symbol TTI case, the additional DM-RS should be mapped to avoid collision with CRS.
Observation 1:
· In short TTI such as 3/4 symbols or 2 symbols, DM-RS pattern needs to be redesigned so that DM-RS is included in each sTTI.
· In very short TTI, e.g. 2-symbol TTI, additional DM-RS pattern needs to be redesigned not to collide with CRS.
Performance results
We evaluated BLER and throughput performances according to the agreed assumptions [3]. We assume rank-1 transmission. The detailed simulation assumptions are listed in Annex.
Low mobility case
Figure 2 and 3 show the average BLER performances and throughput performances within one subframe in low mobility case, respectively. We evaluated QPSK with code rate 1/3, 16QAM with code rate 3/4, 64QAM with code rate 5/6. In each figure, (a) represents the performances in EPA 3km/h, and (b) represents the performances in ETU 3 km/h.
In low mobility case, BLER performance for each TTI length is almost same as the performances of legacy TTI. On the other hand, as for the throughput performances, peak throughput in 2-symbol TTI is reduced by around 10% compared with that of the legacy TTI. This is because DM-RS overhead is getting larger when the TTI length is getting shorter. However, throughput performance should be evaluated by system level simulation, since shorter HARQ cycles may improve throughput performance when the packet size is very small.
	[image: ]
(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure 2. BLER performances in low mobility case, rank 1
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure 3. Throughput performances in low mobility case, rank 1



Observation 2: 
· In low mobility case, all of slot TTI, 3/4-symbol TTI and 2-symbol TTI achieve good BLER performance.
Table 1 - 4 show the SINR at 10% BLER and the throughput at 10% BLER in low mobility using the format in [4]
Table 1. SINR at 10% BLER in EPA 3 km/h, rank 1
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	1.72 dB
	1.73 dB
	1.83 dB
	1.93 dB

	16QAM 3/4
	
	13.26 dB
	13.11 dB
	13.13 dB
	13.51 dB

	64QAM 5/6
	
	20.54 dB
	20.29 dB
	19.98 dB
	20.41 dB


Table 2. Throughput at 10% BLER in EPA 3 km/h, rank 1
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.64 Mbps
	3.29 Mbps
	3.47 Mbps
	3.50 Mbps

	16QAM 3/4
	
	12.35 Mbps
	14.98 Mbps
	15.49 Mbps
	15.70 Mbps

	64QAM 5/6
	
	20.78 Mbps
	25.27 Mbps
	26.33 Mbps
	26.27 Mbps


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

	QPSK 1/3  
	
	-0.13 dB
	-0.20 dB
	-0.05 dB
	-0.12 dB

	16QAM 3/4
	
	11.65 dB
	11.63 dB
	11.66 dB
	11.60 dB

	64QAM 5/6
	
	18.67 dB
	18.77 dB
	18.86 dB
	19.00 dB


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

	QPSK 1/3  
	
	2.61 Mbps
	3.22 Mbps
	3.45 Mbps
	3.44 Mbps

	16QAM 3/4
	
	12.10 Mbps
	14.59 Mbps
	15.16 Mbps
	14.94 Mbps

	64QAM 5/6
	
	19.70 Mbps
	24.00 Mbps
	24.64 Mbps
	24.77 Mbps


	
High mobility case
Figure 4 and 5 show average BLER and throughput performance for each TTI length within one subframe in high mobility case. We evaluated QPSK with code rate 1/3, 16QAM with code rate 3/4, 64QAM with code rate 5/6. In each figure, (a) represents the performances in EVA 60km/h, and (b) represents the performances in ETU 60 km/h.
In high mobility case, performances of 2-symbol TTI and 3/4-symbol TTI are similar to that of the legacy TTI. However, BLER performance of the slot TTI especially in 64QAM case is significantly worse than the legacy TTI. This is because time-domain interpolation of estimated channel cannot be performed, and the channel estimation accuracy of the first symbol(s) in each slot degrades significantly.
Observation 3: 
· In high mobility case, 
· 3/4-symbol TTI and 2-symbol TTI achieve good BLER performances.
· For slot TTI, DM-RS pattern needs to be redesigned to avoid performance degradation.
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure 4. BLER performances in high mobility case, rank 1

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

	Figure 5. Throughput performances in high mobility case, rank 1



Table 5 - 8 show the SINR at 10% BLER and the throughput at 10% BLER in low mobility based on the format in [4].

Table 5. SINR at 10% BLER in EVA 60 km/h, rank 1
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	0.26 dB
	0.46 dB
	0.39 dB
	0.41 dB

	16QAM 3/4
	
	11.95 dB
	12.18 dB
	12.53 dB
	12.12 dB

	64QAM 5/6
	
	19.2 dB
	20 dB
	Inf
	19.13 dB


Table 6. Throughput at 10% BLER in EVA 60 km/h, rank 1
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3  
	
	2.61 Mbps
	3.21 Mbps
	3.35 Mbps
	3.42 Mbps

	16QAM 3/4
	
	12.51 Mbps
	15.02 Mbps
	15.33 Mbps
	15.76 Mbps

	64QAM 5/6
	
	20.27 Mbps
	25.17 Mbps
	0 Mbps
	25.19 Mbps


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

	QPSK 1/3  
	
	-0.19 dB
	-0.19 dB
	0.11 dB
	0.04 dB

	16QAM 3/4
	
	11.53 dB
	11.74 dB
	12.12 dB
	11.77 dB

	64QAM 5/6
	
	18.76 dB
	19.51 dB
	Inf
	18.98 dB


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

	QPSK 1/3  
	
	2.59 Mbps
	3.22 Mbps
	3.44 Mbps
	3.50 Mbps

	16QAM 3/4
	
	11.89 Mbps
	14.72 Mbps
	15.59 Mbps
	15.36 Mbps

	64QAM 5/6
	
	19.82 Mbps
	24.13 Mbps
	0 Mbps
	24.76 Mbps





Conclusion
In this contribution, we have the following observations:
Observation 1:
· In short TTI such as 3/4 symbols or 2 symbols, DM-RS pattern needs to be redesigned so that DM-RS is included in each sTTI.
· In very short TTI, e.g. 2-symbol TTI, additional DM-RS pattern needs to be redesigned not to collide with CRS.
Observation 2: 
· In low mobility case, all of slot TTI, 3/4-symbol TTI and 2-symbol TTI achieve good BLER performance.
Observation 3: 
· In high mobility case, 
· 3/4-symbol TTI and 2-symbol TTI achieve good BLER performance.
· For slot TTI, DM-RS pattern needs to be redesigned to avoid performance degradation.
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Annex
Evaluation assumptions table

Table 1: Evaluation assumptions
	Parameter 
	Value 

	Carrier frequency 
	2 GHz 

	TTI length 
	2, 3/4, 7 symbols 

	Allocated bandwidth 
	50 PRBs 

	Channel model 
	EPA, EVA, ETU

	UE speed 
	3km/h, 60km/h 

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

	Antenna correlation 
	Uncorrelated 

	Legacy PDCCH region 
	2 OFDM symbols 

	CP length 
	Normal 

	Transmission mode 
	TM9 

	RS configuration 
	See figure 1 

	Receiver type 
	MMSE 

	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 

	HARQ retransmission 
	Disabled 

	Performance metrics 
	BLER, Throughput 

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