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Introduction
In the RAN1#84 meeting, the following agreements were made on PUSCH DM-RS for the latency reduction study item [1].
	Agreements:
· Following aspects are further studied in the next RAN1 meeting
· Note: But the study is not limited to them.
· Design of sPUSCH DM-RS
· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe
· Alt.2: DM-RS contained in each sPUSCH
· HARQ for sPUSCH
· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case



In this contribution, we show the evaluation results of design of sPUSCH DM-RS.
Performance evaluations
sPUSCH design
[bookmark: OLE_LINK1]In [1], it was agreed that at least DM-RS design and HARQ operation for sPUSCH design are further studied. In this contribution we focus on the DM-RS design for sPUSCH. We assume slot TTI, 4-symbol TTI, and 2-symbol TTI as sTTI.
Figure 1 shows an example of slot TTI, 4-symbol TTI, and 2-symbol TTI of sPUSCH design. As shown in this figure, in slot TTI case as shown in Figure 1 (a), the same DM-RS pattern as legacy TTI can be used. In Figure 1 (b), this design is mentioned in [2], the same DM-RS pattern as legacy TTI is used and each DM-RS symbol is shared by two UEs as shown in this figure. In the 2-symbol TTI shown in Figure 1 (c), this has already been mentioned in [3], and this is aligned with Alt. 2.
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	Figure 1. An example of sPUSCH structure



In the 2-symbol TTI case, DM-RS symbol is contained in each TTI. Therefore, the DM-RS overhead is a concern.
Observation 1:
· In the 2-symbol TTI, if Alt. 2 is assumed, DM-RS overhead is a concern.

Evaluation results
We evaluated the performances of BLER and throughput. Detailed evaluation assumptions are listed in Annex and it is aligned with the link level evaluation assumption for sPUSCH based on the agreed assumptions in [4]. The number of PRBs for sPUSCH is 25 in this evaluation.
Low mobility case
Figure 2 and 3 show BLER and throughput performance for QPSK with code rate 1/3 and 16QAM with code rate 3/4 in low mobility case. In low mobility case, BLER performance is almost same as the legacy TTI case. 
Observation 2:
· In low mobility case, the same performances are achieved from BLER perspective.
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(a) EPA, 3 km/h
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(b) ETU, 3 km/h

	Figure 2. BLER performances in low mobility case
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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



Table 1 – 4 show the performance results by using the agreed format in [5]. 
Table 1. SINR at 10% BLER EPA 3 km/h
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3
	
	2.1 dB
	
	2.1 dB
	2.17 dB
	1.74 dB

	16QAM 3/4
	
	13.72 dB
	
	13.72 dB
	13.69 dB
	13.53 dB


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

	QPSK 1/3
	
	0.92 Mbps
	
	1.52 Mbps
	1.79 Mbps
	1.69 Mbps

	16QAM 3/4
	
	4.74 Mbps
	
	7.00 Mbps
	8.32 Mbps
	8.24 Mbps


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

	QPSK 1/3
	
	0.06 dB
	
	0.11 dB
	- 0.12 dB
	0.22 dB

	16QAM 3/4
	
	12.68 dB
	
	12.59 dB
	12.58 dB
	12.56 dB


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

	QPSK 1/3
	
	0.66 Mbps
	
	1.11 Mbps
	1.20 Mbps
	2.25 Mbps

	16QAM 3/4
	
	3.60 Mbps
	
	5.47 Mbps
	6.29 Mbps
	6.03 Mbps


High mobility case
Figure 4 and 5 show BLER and throughput performance for QPSK with code rate 1/3 and 16QAM with code rate 3/4 in high mobility case. As shown in these figures, 4-symbol TTI is slightly worse, because channel variance in time domain due to high Doppler cannot be compensated within TTI because only one DM-RS symbol is contained within 4 SC-FDMA symbols.
Observation 3:
· In high mobility case, slot TTI and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH. 4-symbol TTI’s performance is slightly worse (around -1 dB) than the others.
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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
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(a) EVA, 60 km/h
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(b) ETU, 60 km/h

	Figure 5. Throughput performances in high mobility case



Table 5 – 8 show the performance results by using the agreed format in [5]. 
Table 5. SINR at 10% BLER EVA 60 km/h
	sTTI length
	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	QPSK 1/3
	
	0.33 dB
	
	0.39 dB
	0.3 dB
	0.51 dB

	16QAM 3/4
	
	12.87 dB
	
	13.42 dB
	13.19 dB
	12.66 dB


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

	QPSK 1/3
	
	0.69 Mbps
	
	1.15 Mbps
	1.27 Mbps
	1.71 Mbps

	16QAM 3/4
	
	4.02 Mbps
	
	6.53 Mbps
	6.84 Mbps
	6.54 Mbps


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

	QPSK 1/3
	
	0.2 dB
	
	0.17 dB
	0.16 dB
	0.17 dB

	16QAM 3/4
	
	13.03 dB
	
	13.29 dB
	13.01 dB
	12.65 dB


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

	QPSK 1/3
	
	0.68 Mbps
	
	1.13 Mbps
	1.24 Mbps
	1.78 Mbps

	16QAM 3/4
	
	3.80 Mbps
	
	5.97 Mbps
	6.43 Mbps
	6.21 Mbps



From the observations 1 – 3, we have the following proposal:
Observation 4:
· In low mobility case, all of slot TTI, 4-symbol TTI, and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH.
Observation 5:
· In high mobility case, slot TTI and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH. 4-symbol TTI’s performance is slightly worse (around -1 dB) than the others.

Conclusion
In this contribution, we have the following observations:
Observation 1:
· In the 2-symbol TTI, if Alt. 2 is assumed, DM-RS overhead is a concern.
Observation 2:
· In low mobility case, the same performances are achieved from BLER perspective.
Observation 3:
· In high mobility case, slot TTI and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH. 4-symbol TTI’s performance is slightly worse (around -1 dB) than the others.
Observation 4:
· In low mobility case, all of slot TTI, 4-symbol TTI, and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH.
Observation 5:
· In high mobility case, slot TTI and 2-symbol TTI sPUSCHs achieve the same BLER performance as the legacy TTI based PUSCH. 4-symbol TTI’s performance is slightly worse (around -1 dB) than the others.
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Annex
Evaluation assumptions
Table 9. Evaluation assumptions
	Parameter 
	Value 

	Carrier frequency 
	2 GHz 

	System bandwidth 
	10MHz 

	TTI length 
	2/4/7/14 symbols 

	Allocated bandwidth 
	25 PRBs 

	Channel model 
	EPA 3km/h, ETU 3km/h, EVA 60km/h, ETU 60 km/h 

	Antenna configuration 
	1Tx (UE), 2Rx (eNB) 

	CP length 
	Normal 

	Transmission mode 
	TM1 

	Receiver type 
	MMSE

	Channel estimation 
	Practical 

	Link adaptation 
	Disabled 

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

	HARQ retransmission 
	Disabled

	Performance metrics 
	BLER, throughput 
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