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Introduction
In RAN1#87, it was agreed to organize email discussion on simulation assumption for NR DMRS as follow:
	Agreements:
· Organize two email discussions i) to collect companies proposals on DMRS design for DL data channel for NR to facilitate evaluation for the next RAN1 meetings till 8th Dec. and ii) to discussion/agree on simulation assumptions till 15th Dec. – Hyunsoo (LGE)


In this contribution, we summarize the simulation assumptions for NR DMRS.

Link-level evaluation assumptions
In this section, we describe the simulation assumptions used for link level evaluation. 

Table 1. Link-level evaluation assumptions for DMRS for data channel (4 GHz)
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD/TDD

	Subcarrier spacing
	· 15kHz, 30kHz and 60kHz
· Less than 15kHz (optional)
Other subcarrier spacing are not precluded.
Note: Companies which have result for less than 15kHz subcarrier spacing are encouraged to provide use cases.

	Number of TXRUs
	· TRP = {2, 4, 8, 16, 32, 64}
· UE = {2, 4, 8}

	Transmission layers for data channel
	· SU-MIMO: up to 8 layers
· MU-MIMO: up to N layers
Note: Companies should provide the assumptions on N and the number of paired UEs and SNR distribution for MU-MIMO simulation.

	Transmission scheme
	· Multi-antenna port transmission schemes 
Note: Companies explain details of the using transmission scheme.

	CSI feedback / Beam management scheme
	· Each company describes their own assumptions on CSI feedback and/or beam management 

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data allocation
	· 1, 8, 32 RBs, and other option for maximum throughput
· Co-scheduled “dummy” users allocated on neighboring RBs. (optional)
· FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel
· TDD: First 2 OFDM symbols for PDCCH, 10 OFDM symbols for data channel, last 2 OFDM symbols for guard and UL symbol.
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	· 1, N RBs as in LTE (baseline) 
· Other N (optional)

	Modulation order, Coding rate
	· QPSK (1/3, 1/2), 16QAM (1/2, 3/4), 64QAM (2/3, 5/6), 256QAM (3/4, 5/6), 
· QPSK (1/5) (optional)
Other MCS are not precluded
Note: Companies are allowed to choose the more appropriate MCS(s) for DM-RS evaluation in the selected channel model.

	Channel coding scheme
	· LTE turbo coding (baseline) 
Other channel coding schemes are not precluded.

	Link adaptation / HARQ
	· No link adaptation and no HARQ 
· Evaluation with HARQ and/or link adaptation 

	Channel estimation
	· Real estimation 
Note: Companies provide the channel estimation method.
Note: An ideal estimation based LLS performance result can be reported as a reference performance.

	Performance metric
	· BLER
· Spectral efficiency

	Frequency offset model (optional)
	· Evaluate with and without frequency tracking with the model in table 1 in [1]

	Interference limited scenario
(optional)
	· N interfering TRP 
· Details are FFS

	UE speed
	· 3 km/h, 30km/h, 120 km/h, 500km/h

	Channel model
	· Alternative 1: TDL-A/B/C/E models
· All values of DS {10, 30, 100, 300, 1000} ns are evaluated with the selected TDL-DS combinations, i.e. 
TDL-A for DS {10, 30}ns, 
TDL-B for DS {100}ns, 
TDL-C for DS {300, 1000}ns
TDL-E for DS {30}ns
Companies are allowed to choose additional combination(s) of other DS values and TDL–A and/or TDL-C in TR38.900.
· Antenna correlation 
Tx={‘High’, ’Medium’}, Rx={‘Low’}
MIMO channel correlation matrices are followed in [2].
· Alternative 2: CDL-A/B/C/E models
· Possible DS values = {10, 30, 100, 300, 1000} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900
· The angles of TRP, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
Note: Companies are encouraged to choose calibrated channel model for evaluation.
Note: ITU Rural Macro CDL model (LOS scenario) can also be evaluated for high speed scenario (i.e. up to 500km/h).

	TRP antenna configuration
	· The number of antenna: Tx={2,4,8,16,32,64}
Per antenna element pattern is in [3]
Note: Each company describes their own antenna configurations and TXRU to antenna elements mapping 

	UE antenna configuration
	· The number of antenna: Rx={2,4,8}
(M,N,P)={(1,1,2), (1,2,2), (1,4,2)} with 0.5λ spacing with omni-directional antenna element


[1] R1-1611012
[2] 3GPP TS36.101, Section B.2.3A/B
[3] 3GPP TR36.873_v210, Table 7.1.1 Antennal element vertical & horizontal radiation pattern



Table 2. Link-level evaluation assumptions for DMRS for data channel (30 GHz)
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	TDD

	Subcarrier spacing
	· 60kHz and 120kHz
Other subcarrier spacing is not precluded.

	Number of TXRUs
	· TRP = {2, 4, 8}
· UE = {2, 4}

	Transmission layer for data channel
	· SU-MIMO: up to 4 layers
· MU-MIMO: up to N layers
Note: Companies should provide the assumptions on N and the number of paired UEs and SNR distribution for MU-MIMO simulation.

	Transmission Scheme
	· Multi-antenna transmission schemes
Note: Companies explain details of the using transmission scheme.

	CSI feedback / Beam management scheme
	· Each company describes their own assumptions on CSI feedback and/or beam management 

	CW to layer mapping
	· LTE CW to layer mapping (baseline)

	Data Allocation
	· 1, 8, 32 RBs, and other option for maximum throughput
· Co-scheduled “dummy” users allocated on neighboring RBs. (optional)
· First 2 OFDM symbols for PDCCH, 10 OFDM symbols for data channel, last 2 OFDM symbols for guard and UL symbol.
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	· 1, N RBs as in LTE (baseline) 
· Other N (optional)

	Modulation order, Coding rate
	· QPSK (1/3, 1/2), 16QAM (1/2, 3/4), 64QAM (2/3, 5/6), 256QAM (3/4, 5/6)
· QPSK (1/5) (optional)
Other MCS are not precluded
Note: Companies are allowed to choose the more appropriate MCS(s) for DM-RS evaluation in the selected channel model.

	Channel coding scheme
	· LTE turbo coding (baseline) 
Other channel coding schemes are not precluded.

	Link adaptation / HARQ
	· No link adaptation and no HARQ
· Evaluation with HARQ and/or link adaptation

	Channel estimation
	· Real estimation 
Note: Companies provide the channel estimation method.
Note: An ideal estimation based LLS performance result can be reported as a reference performance.

	Performance Metric
	· BLER
· Spectral efficiency

	Phase noise and frequency offset model (Optional)
	· Evaluate with and without phase/frequency tracking with the model in table 1 in [1]

	Interference limited scenario (Optional)
	· N interfering TRP 
· Details are FFS.

	UE speed
	· 3 km/h,30km/h 
· 120km/h (optional)
· 500km/h (optional for high speed train)

	Channel model
	· CDL-A /B/C for 30GHz
· Possible DS values = {10, 30, 100, 300, 1000} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900
· The angles of TRP, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
· CDL-D for 30 GHz (optional for high speed train [2])
· 10ns DS and K-factor 13.3dB, 
· Parameter set # 1: 5(ASD), 5(ASA), 1(ZSA), 1(ZSD)
· ZoD and ZoA for cluster #1 are fixed at 90 degrees

	TRP antenna configuration
	· In case of single panel:
(M,N,P,Mg,Ng) = (4,8,2,1,1); (dV,dH) = (0.5, 0.5)λ with directional antenna element (HPBW=650, directivity 8dB)
· In case of multiple panels: 
(M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ for 30GHz
A single TXRU is mapped per panel per polarization. 
Per antenna element pattern is in [3]
Each company describes their own antenna configurations and TXRU to antenna elements mapping.
· For high speed train (optional): 
See Table A.2.1-5 [2]

	UE antenna configuration
	· In case of single panel:
(M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)
· In case of multiple panels:
(M, N, P, Mg, Ng) = (2,4,2,1,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ.
Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90
Notes: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
· For high speed train (optional): 
See Table A.2.1-5 [2]


[1] R1-1611012
[2] 3GPP TR38.802, Table A.2.1-2: System level evaluation assumptions for High-speed train, Urban grid for eV2X, and Highway for eV2X
[3] 3GPP TR36.873_v210, Table 7.1.1 Antennal element vertical & horizontal radiation pattern


System-level evaluation assumptions
In this section, we describe the simulation assumptions used for system level evaluation. 

Table 3. System-level evaluation assumptions for DMRS for data channel
	· Refer to Table A.2.1-1 in TR 38.802
Note: RAN1 can further discuss which traffic model(s) to use for DM-RS evaluation (if necessary).
Note: Companies are encouraged to provide evaluation result based on calibrated system level evaluation.
Note: Companies also can provide evaluation results before the system level simulation calibration, and the assumptions in the evaluation should be provided.




