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Introduction
The following agreement was made in RAN WG1 #95 [4]:
	
Agreement
Metrics to consider for new sequence design for the pi/2 BPSK DMRS are the gNB receiver complexity, PAPR relative to data and link level throughput/BLER performance considering frequency domain flatness and autocorrelation properties, interference considering cross correlation properties and when applicable (e.g. PUCCH), orthogonality of sequences


Agreement
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 
· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 
· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH 
	



In this paper, we present link level evaluation results for CGS based DMRS design for /2 BPSK based DFTS-OFDM waveform. 

Link Level Evaluation Results for CGS based DMRS for /2 BPSK 
In this section, we provide extensive link level evaluations for all the CGS based DMRS sequences for lengths 12, 18 and 24 corresponding to resource allocations of 2, 3 and 4 PRBS, that were submitted to RAN1 AH1901 [5]-[15]. In total, 11 companies have submitted sequences and in this paper we provide LLS results under unified assumptions for all these sequences. The detailed LLS assumptions can be found in Appendix A. Each sub-section provides results for sequences from the respective company. 

Intel Corporation [5]
The following figures show the BLER performance of the proposed CGS sequences. For each length, the sequences are plotted in order of BLER performance[footnoteRef:1]. The performance of constant modulus NR Rel-15 frequency domain CGS sequences are also plotted as a baseline. [1:  Note that when the legend is written in the form “Company # x – y”, #x is the sequence number w.r.t. to CGS tables in the companies’ contributions and y is the decimal value of the binary sequence assuming left-MSB for the case of CGS lengths 12, 18 and 24. In figures where the legend is of the form of “datax”, it is assumed that x refers to the sequence number from the table of sequences provided in the respective companies’ contribution [5]-[15]. In the latter case, sequences are plotted in the order in which they appear in the contributions.] 
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Conclusions
In this paper, we have provided extensive link level simulations to evaluate the BLER performance of all CGS based DMRS sequence candidates for lengths 12, 18 and 24 which were submitted to RAN1 AH1901. It can be seen that some sequences do not perform well in terms of BLER although all proposed sequences provide PAPR comparable to /2-BPSK modulated data for DFT-S-OFDM waveform. The presented results can be further considered for Rel-16 NR CGS based DMRS design for /2-BPSK modulated DFT-S-OFDM based PUSCH/PUCCH.
1. 
References

[1] [bookmark: _Ref520884493][bookmark: _Ref520887808]3GPP TS 38.211 v15.1.0, NR Physical Channels and Modulation (Release 15)
[2] 3GPP TS 38.212 v15.1.0, NR Multiplexing and Channel Coding (Release 15)
[3] 3GPP TS 38.214 v15.1.0, NR Physical Layer Procedures for Data (Release 15)
[4] [bookmark: _Ref528953248]Chairman’s Notes, 3GPP RAN WG1 Meeting # 95, Spokane WA, USA, November 2018.
[5] [bookmark: _Ref535491073]R1-1900505, Low PAPR Reference Signals, Intel Corporation.
[6] [bookmark: _Ref535491124]R1-1900908, Lower PAPR reference signals, Qualcomm Inc. 
[7] [bookmark: _Ref535491266]R1-1900020, Discussion on DMRS sequence design for low PAPR, Huawei, HiSilicon.
[8] [bookmark: _Ref535491271]R1-1900729, Remaining details on low PAPR RS, Ericsson.
[9] [bookmark: _Ref535491280]R1-1900090, Low PAPR RS, ZTE
[10] [bookmark: _Ref535491287]R1-1900140, Discussion on remaining issues on low PAPR RS, Vivo
[11] [bookmark: _Ref535491299]R1-1900215, Low PAPR Reference Signals, IITH, CEWiT, Reliance Jio, IITM, Tejas Networks
[12] [bookmark: _Ref535491306]R1-1900220, Low PAPR RS, MediaTek Inc. 
[13] [bookmark: _Ref535491310]R1-1900673, Discussion on low PAPR RS, NEC
[14] [bookmark: _Ref535491316]R1-1900694, Discussion on Low PAPR RS, Nokia, Nokia Shanghai Bell
[15] [bookmark: _Ref535491321]R1-1900811, On Low PAPR RS, InterDigital, Inc.

Appendix A: Link Level Evaluation Assumptions
In this appendix, we provide LLS evaluation assumption that were used for the simulation results provided in this paper.


	Assumptions
	Value

	Carrier frequency
	3 GHz

	Subcarrier spacing
	30 kHz

	Number of TXRUs
	TRP = 8, UE = 1

	Number of layers
	SU MIMO 1 layer

	DM-RS configuration
	1 + 1 (NR Type 1 RE Mapping)

	Data allocation
	1, 2, 3, 4 RBs

	Modulation order, Coding rate
	/2-BPSK, R = 1/2

	TBS Size
	1 PRB: 72;     2PRB: 144; 
3 PRB: 224;   4PRB: 288;

	Channel coding scheme
	LDPC

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	MMSE channel estimation over 2 PRBs

	Performance metric
	BLER

	UE speed
	3 km/h

	Channel model
	TDL-A model with DS = 1000ns
Antenna correlation Rx = ‘Low’
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