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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#86, it was agreed that 
· For the purpose of calibration, companies are encouraged to provide baseline results for NR MIMO in the following meetings, including link-level and system level simulations
· Discuss further on baseline simulation assumptions and metrics for calibration in email discussion after RAN1#86 
Further, in a follow up email discussion [86-20] MIMO calibration for NR, it was agreed that the phased approach will be used for calibration, which include 3 phases:
· Phase 1: Calibration can be used to check the channel model and the basic beamforming behavior, e.g., by looking at the SNR/SINR distribution (aim to finish it in RAN1#86bis) 
· Phase 2:  Start discussion on whether and how to establish the baseline.  Further discuss simulation assumptions for Phase 2 and Phase 3. Calibration can be used to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency (aim to finish it in RAN1#87) 
· Phase 3: Calibration can be used to check the UE movement/rotation/blockage (aim to finish it after RAN1#87)
Further, at RAN1#86bis, it was agreed that
· Companies are encouraged to provide/update results for Phase 1 NR MIMO calibration in RAN1#87, including link level and system level simulations
· Extend the email discussion for further clarification on simulation assumptions and metrics, if needed 
· Including discussions on simulation assumptions and metrics for  Phase 2 NR MIMO calibration, including link level and system level simulations 
And in the follow up email discussion [86b-19] NR MIMO calibration, simulation assumptions and metrics for Phase 2 NR MIMO calibration is being discussed.
For phase 2, the baseline of MIMO evaluation will be set up, and be used for performance comparison for any enhanced NR MIMO features. This contribution discusses the Phase 2 simulation assumptions.
[bookmark: _Ref129681832]Purpose of phase 2 calibration 
After phase 1 calibration, which aims to align the companies’ implementation on channel model, basic beamforming behaviors, network layout and user distributions, phase 2 calibration needs to focus on the discussion of baseline feature and related assumption that will be used for performance comparison for any of the enhanced NR MIMO features. After setting up the baseline features and simulation assumptions, companies could provide simulation results of the baseline features, as well as the simulation results of their proposed NR MIMO features. By this means, it could facilitate the understanding of each company’s proposal, and the performance comparison of different proposals. 
Therefore, the purpose of phase 2 calibration should focus on the discussion of baseline feature that will be used for performance comparison with enhanced NR MIMO features, and the simulation assumptions related to baseline features.
Proposal 1: Phase 2 calibration should focus on the alignment of MIMO baseline features and performance that will be used for performance comparison with enhanced NR MIMO features.

Proposal on phase 2 simulation assumptions
For the above purpose, baseline MIMO features and its related simulation assumptions are discussed in this section. It would be good to employ mature features that already exist in 3GPP specification as baseline. Therefore, it is proposed to use LTE Rel-13 MIMO features as baseline.
Proposal 2: For NR MIMO performance comparison, LTE Rel-13 MIMO features listed in Table 1 should be used as baseline.
[bookmark: _Ref465546067]Table 1 List of key Rel-13 features for MIMO
	Key Features
	Description

	CSI-RS enhancement
	16 CSI-RS resources are available

	DMRS enhancement
	4 orthogonal DMRS ports with OCC=4

	SRS capacity enhancement
	UpPTS symbols increasing

	
	RPF=4

	Class A reporting
(non-precoded CSI-RS)
	[bookmark: _GoBack]2D codebook for 16 ports for Class A reporting

	Class B reporting
(beamformed CSI-RS)
	For K>1 CSI-RS resources, CRI feedback is available

	
	For K=1 CSI-RS resource, ports selection codebook is available

	Non-PMI based CSI reporting
	Non-PMI feedback but with RI and CQI

	Measurement restriction (MR)
	Introduce channel MR for TM9
Introduce channel and interference MR for TM10

	New CSI process
	Support multiple CSI-RS resources in a process

	
	Support multiple CSI-IM in a process



The simulation assumptions for system-level evaluation are listed in Table 2~Table 4. 
[bookmark: _Ref462155744]Table 2 System-level simulation assumption for baseline MIMO feature (for phase 2)
	Parameter
	Value

	Scenario
	Indoor hotspot
	Dense urban
	Urban macro

	Layout
	Follow Table A.2.1-1 in [1]

	Inter-BS distance
	ISD=20m (12 TRPs)
	Follow Table A.2.1-1 in [1]
Macro layer 200m
	Follow Table A.2.1-1 in [1]
500m

	Carrier frequency
	Follow Table A.2.1-1 in [1]

	Simulation bandwidth
	Follow Table A.2.1-1 in [1]

	Channel model
	Follow Table A.2.1-1 in [1]

	BS Tx power
	Follow Table A.2.1-1 in [1]

	UE Tx power
	Follow Table A.2.1-1 in [1]

	BS antenna configuration
	Baseline: - 4GHz: (M,N,P,Mg,Ng) = (4, 4, 2, 1, 1), (dH,dV) = (0.5, 0.5)λ.
- 30GHz: (M,N,P,Mg,Ng) = (4, 8, 2, 1, 1), (dH,dV) = (0.5, 0.5)λ.
- 70GHz: (M,N,P,Mg,Ng) = (8, 16, 2, 1, 1), (dH,dV) = (0.5, 0.5)λ.
	Follow Table A.2.1-4 in [1]
Baseline: 
- 4GHz: (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.8)
- 30GHz: (M,N,P,Mg,Ng) = (4,8,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (4.0, 2.0)λ.
- 70GHz: (M,N,P,Mg,Ng) = (8,16,2,2,2), (dH,dV) = (0.5, 0.5)λ. (dg,H,dg,V) = (8.0, 4.0) λ.

	BS antenna height
	Follow Table A.2.1-1 in [1]

	BS antenna element gain + connector loss
	For below 6GHz: 0dBi
For above 6GHz: 5dBi 
	Follow Table A.2.1-1 in [1]
For below 6GHz: 8dBi
For above 6GHz: 8dBi

	BS antenna element pattern
	For below 6GHz: Omni-directional
For above 6GHz: Boresight direction is perpendicular to the ceiling. 90 degree HPBW in Azimuth and zenith

	For below 6GHz: Follow TR36.873
For above 6GHz: Follow Table A.2.1-6 in [1]

	BS receiver noise figure
	Follow Table A.2.1-1 in [1]

	BS receiver type
	MMSE-IRC

	BS side TXRU mapping
	For below 6 GHz: Follow TR36.897; TXRU virtualization only in the vertical dimension; 16 / 32 / 64 / 128 TXRUs can be considered.
For above 6 GHz: A single TXRU is mapped per panel per polarization

	UE antenna configuration
	- 4 GHz: (M,N,P,Mg,Ng) = (1,1,2,1,1); Omni-directional antenna with polarization angles 0 and 90 deg.
- 30 GHz: (M,N,P,Mg,Ng) = (2, 4, 2, 1, 2); (dH,dV) = (0.5, 0.5)λ. 
Inter-panel distance is 6.0λ. (inter-panel distance is defined as the distance of the two parallel panels, see Figure 2 of [2])
Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90deg 
- 70 GHz: (M,N,P,Mg,Ng)= (4, 4, 2, 1, 2); (dH,dV) = (0.5, 0.5)λ. 
Inter-panel distance is 6.0λ.
Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90deg

	UE antenna height
	Follow Table A.2.1-1 in [1]

	UE antenna gain
	Follow Table A.2.1-1 in [1]

	UE antenna element gain
	For below 6GHz: Omni-directional
For above 6GHz: Follow Table A.2.1-8 in [1]

	UE receiver noise figure
	Follow Table A.2.1-1 in [1]
Below 6GHz: 9 dB; Above 6GHz: 13dB (baseline), 10dB (high performance)

	UE receiver type
	MMSE-IRC

	UE side TXRU mapping
	A single TXRU is mapped per panel per polarization.

	Inter-panel calibration
	Calibrated or non-calibrated


Table 3 Additional parameter for below 6GHz baseline MIMO feature (for phase 2)
	Parameter
	Value

	TXRU-to-antenna element mapping
	The TXRU virtualization of baseline is static within simulation time for below 6GHz evaluation.

	Numerology and TTI length
	Normal TTI (1ms length), with 15kHz sub-carrier spacing

	Constraints for beam range of beamformed CSI-RS
	The same as phase 1 calibration for NR MIMO.

	Scheduler
	PF scheduler

	Traffic model
	Full buffer and FTP model as in Table A.2.1-1 in [1]
Traffic model of the enhanced feature evaluation should be the same as is used in baseline evaluation.

	UE distribution
	Follow Table A.2.1-1 in [1]

	DL feedback scheme
	PUSCH 3-2

	DL BF scheme
	Option 1: Digital BF based on SVD according to SRS measurement
Option 2: codebook based precoding

	MIMO mode
	TM10 with a single CSI process

	Maximal layer number
	Up to 8 layer for both MU- and SU-MIMO

	Control overhead
	Companies report


[bookmark: _Ref465958752]Table 4 Additional parameter for above 6GHz baseline MIMO feature (for phase 2)
	Parameter
	Value

	TXRU-to-antenna element mapping
	Analog beam selection is used.
· Beam pair selection between each TRP and UE is based on method 2 in phase 1 calibration.
· The beam pair between each TRP and UE is static within the simulation time.
· TXRU to antenna element mapping is the same across all TXRUs.

	Beam switching
	Round robin beam switching for each TRP; switch among the beams which are selected by one or more serving UEs. 

	CSI-RS transmission
	CSI-RS transmission for each analog beam

	Numerology and TTI length
	[0.25ms] TTI length, with [60kHz] sub-carrier spacing

	Constraints for beam range of beam selection
	The same as phase 1 calibration for NR MIMO.

	Scheduler
	PF scheduler; the users under the same analog beam is scheduled.

	Traffic model
	Full buffer and FTP model as in Table A.2.1-1 in [1]
Traffic model of the enhanced feature evaluation should be the same as is used in baseline evaluation.

	UE distribution
	Follow Table A.2.1-1 in [1]

	DL feedback scheme
	PUSCH 3-2

	DL BF scheme
	Option 1: Digital BF based on SVD according to SRS measurement
Option 2: codebook based precoding (if FDD is considered)

	MIMO mode
	TM10 with a single CSI process

	Maximal layer number
	Up to 8 layer for both MU- and SU-MIMO

	Control overhead
	Companies report


Proposal 3: Use Table 2~Table 4 as system-level simulation parameters for baseline MIMO features (for phase 2 calibration).
Conclusions
In this contribution, phase 2 MIMO calibration assumption and baseline feature selection is discussed. The following proposals are made.
Proposal 1: Phase 2 calibration should focus on the alignment of MIMO baseline features and performance that will be used for performance comparison with enhanced NR MIMO features.
Proposal 2: For NR MIMO performance comparison, LTE Rel-13 MIMO features listed in Table 1 should be used as baseline.
Proposal 3: Use Table 2~Table 4 as system-level simulation parameters for baseline MIMO features (for phase 2 calibration).
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