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1. Introduction

In RAN1#84bis, the text proposals on link level evaluation results and the corresponding observations of sPUSCH were agreed [1], [2]. In this contribution, we present link level performance results of sPUSCH for further evaluation to see the impact of DM-RS multiplexing.  

2. Link level performance of sPUSCH transmission
2.1. Evaluation assumptions
To investigate link-level performance of PUSCH transmission, we elaborate some necessary assumptions as following. The remaining detailed evaluation assumptions, which are mostly based on [3] and [4], are summarized and provided in Appendix A.
The transport block size (TBS) is determined based on scheduled MCS index and allocated PRB size. With TTI shortening, TBS determination needs to be redefined due to decrease of REs per TTI. To derive TBS for short TTI, the reference PRB size is scaled down with TTI length, which is a similar manner to TBS determination in special subframe. For our simulations, it is assumed that the reference PRB size for short TTI is given by 
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 and correspondingly TBS for each TTI length is derived for given MCS index. Further discussion on how to determine TBS for short TTI cases would be necessary. 
Proposal 1: It would be necessary to discuss how to determine TBS for sPUSCH.
To see the capability and feasibility of DM-RS multiplexing, it is assumed that DM-RS is shared by multiple short TTIs, and each TTI consists of 2 symbols including one data symbol and one DM-RS symbol as illustrated in Figure 1. We consider that DM-RS is multiplexed by 2, 3, 4, and 5 UEs for which cyclic shift indices {0, 6}, {0, 6, 3}, {0, 6, 3, 9}, and {0, 2, 4, 6, 8} are used, respectively, and thus equally spaced cyclic shift indices are allocated to each UE. 
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Figure 1. DM-RS symbol sharing with different cyclic shifts

2.2. Simulation results

We herein provide link-level performance for sPUSCH transmission. According to agreements in [4], we consider the SNR at 10% BLER and the throughput at 10% BLER as metrics. For our simulations, MCS indices 5, 20, and 28 are utilized for all TTI lengths, which correspond to QPSK with coding rate 1/3, 16QAM with coding rate 3/4, and 64QAM with coding rate 5/6, respectively. 
We present the BLER performance for sPUSCH transmission with DM-RS multiplexing in Figures 2, 3, and 4. It can be seen that 2 DM-RS multiplexing offers similar performance compared with no DM-RS multiplexing case for all modulation order and coding rate combinations. On the other hand, in case more than 3 UEs are multiplexed, the performance degradation becomes even worse for higher modulation order and coding rate. Moreover, in case of 64QAM and 5/6, the error floor is larger than 10% BLER for more than 3 UEs DM-RS multiplexing. For higher UE speed cases, non-contiguous TTI structure results in more performance loss due to poorer channel estimation accuracy. In this sense, DM-RS multiplexing with different cyclic shifts would be beneficial up to 2 UEs, however, further study is needed whether to support more than 2 UEs multiplexing. 
Proposal 2: For symbol-sharing design, DM-RS multiplexing can be supported up to 2 reference signals. Further study on how many reference signals can be multiplexed would be needed if shorter TTI is to be supported for symbol-sharing design. 
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Figure 2. BLER performance for QPSK, 1/3, TTI length=2 symbol
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Figure 3. BLER performance for 16QAM, 3/4, TTI length=2 symbol
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Figure 4. BLER performance for 64QAM, 5/6, TTI length=2 symbol
As a result, we summarize the simulation results in terms of SNR and throughput at 10% BLER in Tables 1, 2, and 3 for EPA with UE speed 3km/h, ETU with UE speed 60km/h, and ETU with UE speed 120km/h, respectively. 

Proposal 3: The link level evaluation results in tables 1-3 should be included in the TR.
	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	2.24 dB

0.453 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.12 dB

2.57 Mbps
	
	
	
	

	64QAM, r5/6
	
	21.57 dB

4.48 Mbps
	
	
	
	

	DM-RS included in every TTI

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	2.25 dB

0.302 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.21 dB

1.71 Mbps
	
	
	
	

	64QAM, r5/6
	
	21.95 dB

2.99 Mbps
	
	
	
	

	Two UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	2.25 dB

0.227 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.22 dB

1.28 Mbps
	
	
	
	

	64QAM, r5/6
	
	22.15 dB

2.24 Mbps
	
	
	
	

	Three UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	2.27 dB

0.181 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.27 dB

1.03 Mbps
	
	
	
	

	64QAM, r5/6
	
	22.28 dB

1.79 Mbps
	
	
	
	

	Four UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	2.28 dB

0.151 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.31 dB

0.855 Mbps
	
	
	
	

	64QAM, r5/6
	
	22.89 dB

1.49 Mbps
	
	
	
	

	Five UEs share the same DM-RS


Table 1. SNR and throughput at 10% BLER for EPA, 3km/h, 12 PRB
	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.55 dB

0.450 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.02 dB

2.57 Mbps
	
	
	
	

	64QAM, r5/6
	
	21.56 dB

4.47 Mbps
	
	
	
	

	DM-RS included in every TTI

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.55 dB

0.300 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.14 dB

1.71 Mbps
	
	
	
	

	64QAM, r5/6
	
	22.64 dB

2.99 Mbps
	
	
	
	

	Two UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.60 dB

0.225 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.66 dB

1.28 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Three UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.64 dB

0.180 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.78 dB

1.02 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Four UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.71 dB

0.150 Mbps
	
	
	
	

	16QAM, r3/4
	
	14.77 dB

0.855 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Five UEs share the same DM-RS


Table 2. SNR and throughput at 10% BLER for ETU, 60km/h, 12 PRB
	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.56 dB

0.450 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.32 dB

2.56 Mbps
	
	
	
	

	64QAM, r5/6
	
	25.40 dB

4.48 Mbps
	
	
	
	

	DM-RS included in every TTI

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.57 dB

0.300 Mbps
	
	
	
	

	16QAM, r3/4
	
	13.50 dB

1.70 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Two UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.73 dB

0.226 Mbps
	
	
	
	

	16QAM, r3/4
	
	15.72 dB

1.28 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Three UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	0.74 dB

0.180 Mbps
	
	
	
	

	16QAM, r3/4
	
	15.98 dB

1.03 Mbps
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Four UEs share the same DM-RS

	SNR at 10% BLER

Throughput at 10% BLER
	TTI length=1 
	TTI length=2 
	TTI length=3
	TTI length=4 
	TTI length=7
	TTI length=14 

	QPSK, r1/3
	
	1.08 dB

0.151 Mbps
	
	
	
	

	16QAM, r3/4
	
	N/A
	
	
	
	

	64QAM, r5/6
	
	N/A
	
	
	
	

	Five UEs share the same DM-RS


Table 3. SNR and throughput at 10% BLER for ETU, 120km/h, 12 PRB
3. Conclusions

In this contribution, we presented link level performance of sPUSCH transmission especially in case of DM-RS multiplexing. Based on the results, our proposals are given as follows:

Proposal 1: It would be necessary to discuss how to determine TBS for sPUSCH.
Proposal 2: For symbol-sharing design, DM-RS multiplexing can be supported up to 2 reference signals. Further study on how many reference signals can be multiplexed would be needed if shorter TTI is to be supported for symbol-sharing design.
Proposal 3: The link level evaluation results in tables 1-3 should be included in the TR.
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Appendix A
Table A.1 summarizes link-level simulation parameters that are assumed for evaluation in this contribution, which are basically based on agreements in [3] and [4]. 
Table A.1. Link-level simulation assumptions for (shortened) PUSCH

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 symbol 

	Allocated bandwidth
	12 PRBs

	Channel model 
	EPA, ETU

	UE speed 
	3km/h, 60km/h, 120km/h

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

	CP length
	Normal

	Transmission mode
	TM1

	DMRS configuration
	DM-RS symbol sharing with different cyclic shifts as described in Section 2.1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Link adaptation
	Disabled 

	TBS determination 
	MCS index = 5, 20, 28

	HARQ retransmission 
	Disabled 

	Performance metrics
	SNR at 10% BLER, Throughput at 10% BLER
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