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After RAN1 86, the calibration assumptions for MIMO-NR study were discussed over email [1] for sub-6 GHz and mmW scenarios. In this contribution, we provide initial DL results for Phase-1 calibration for the sub-6 GHz scenario (dense-urban).  We also discuss simulation assumptions for Phase 2 calibration.
2	Phase 1 calibration
2.1 Simulation assumptions
In this contribution, we focus on a single layer NR network with sub-6GHz carrier frequency.  Following simulation assumptions have been used based on [1], [2]. 
Table 1: System Simulation Assumptions
	Parameters
	Value

	Layout
	Single Layer (Macro)

	Inter-BS Distance
	200m

	Carrier Frequency
	4 GHz

	Simulation BW
	20 MHz (30 kHz/RE, 480 kHz/RB)

	Channel Model
	3D-UMA (as in 36.873)

	Tx Power (BS)
	38 dBm over 20 MHz

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,4,2,1,1), (dV, dH) = (0.5, 0.5)λ, 
with per-elevation-element-complex-gain given by:
, 
where m=1,…,K. =15 deg
 (36.873, Table 7.1-1)

	BS Antenna Configuration
	As in 36.873 (Table 7.1-1)

	BS Antenna Height
	25 m

	BS Antenna Element gain
	8 dBi

	UE Receiver Noise Figure
	9 dB

	UE Antenna Configuration
	(M,N,P,Mg,Ng) = (1,1,2,1,1) Co-Pol, as in 36.873

	UE Antenna Height
	As in 3D-UMA modelling in 36.873

	UE Antenna Gain
	0 dBi

	Traffic Model
	Full-buffer

	UE Distribution
	80% indoor (3 kmph) and 20% outdoor (30 kmph)
Uniform UE dropping: 10 UEs/TRP with buildings as in TR 36.873

	UE Receiver
	MMSE-IRC

	Rank of Transmission
	1

	Interference Reporting
	None

	Channel Estimation on UL
	Ideal

	Calibration Error at BS for reciprocity
	None

	Channel/Interference estimation on DL
	Ideal

	Scheduler
	RR



2.2	Simulation results
Per agreements in [1], we present the CDF of DL SINR without and with beam-forming below. Figure 1 shows the CDF of DL SINR without beam-forming (geometry). 
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[bookmark: _Ref462607523]Figure 1: CDF of DL SINR without beam-forming (Geometry) (Dense Urban @ 4 GHz)

Figure 2 shows the CDF of DL SINR (averaged across resource blocks and time in linear domain) with beam-forming.
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[bookmark: _Ref462740397]Figure 2: CDF of DL SINR (single stream) with beam-forming (Dense Urban @ 4 GHz)
3 Phase 2 calibration assumptions
As proposed in [1], the NR MIMO calibration is following a phased approach.  Followed by Phase 1 calibration, discussion on whether and how to establish the baseline will be started in Phase 2 which is aimed to be finished in RAN1#87.  The purpose of Phase 2 calibration is to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency.  
In Phase 1 calibration, assumptions for sub-6GHz and higher frequency are mixed in one table.  It is feasible as in Phase 1, most assumptions are common for both high and low frequency.  However, in Phase 2, the baseline assumptions may be quite different due to specific designs targeting on propagation properties on different bands.  It would be more efficient to discuss assumptions for sub-6GHz and those for higher frequency separately.  In this section, we focus on system-level assumptions for sub-6GHz, which are summarized in Table 2.
For sub-6GHz, we can focus on dense urban scenario with a single 4GHz macro layer as there might be many implementation issues to simultaneously simulate of both sub-6GHz and higher frequency.  The numerology in both UL and DL shall depend on the agreement in RAN1#86bis.  Just in case there’s no agreement, we may consider using the resource grid definition values in Table 2.  
Table 2: System Simulation Assumptions
	Parameters
	Value

	Layout
	Single Layer (Macro)

	Inter-BS Distance
	200m

	Carrier Frequency
	4 GHz

	Bandwidth
	80 MHz

	Channel Model
	3D-UMA (as in 36.873)

	Tx Power (BS)
	38 dBm over 20 MHz

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (8,8,2,1,1), (dV, dH) = (0.5, 0.5)λ

	BS Antenna Configuration
	As in 36.873 (Table 7.1-1)

	BS Antenna Height
	25 m

	BS Antenna Element gain
	8 dBi

	BS Noise Figure
	5 dB

	UE Receiver Noise Figure
	9 dB

	UE Antenna Configuration
	(M, N, P, Mg, Ng) = (1,2,2,1,1), 0/90 deg cross-pol., as in 36.873

	UE Antenna Height
	As in 3D-UMA modelling in 36.873

	UE Antenna Gain
	0 dBi

	Traffic Model
	Full-buffer and FTP

	UE Distribution
	80% indoor (3 kmph) and 20% outdoor (30 kmph)
Uniform UE dropping: 10 UEs/TRP with buildings as in TR 36.873

	UE Receiver
	MMSE-IRC

	DL MIMO transmission scheme
	Reciprocity based spatial multiplexing w/ dynamic SU/MU switching

	Channel Estimation on UL
	Ideal, Non-ideal

	Calibration Error at BS for reciprocity
	Ideal, Non-ideal w/ Amp ~ U[-1, 1] dB and phase ~ U[-π/32, π/32]

	Channel/Interference estimation on DL
	Ideal, Non-ideal with interference estimation modelled using Wishart method as in [3]

	Interference Reporting
	Full Rnn feedback with IIR filtering

	Scheduler
	Proportional fair

	Modulation and coding schemes
	QPSK, 16QAM, 64QAM, 256QAM

	Resource grid
	30 kHz/RE, 480 kHz/RB, 0.5ms/subframe with 14 OFDM symbols

	Metrics
	Full buffer: TRP mean spectrum efficiency; CDF of user throughput


In order to calibrate spectrum efficiency, we may need to align more modules than in Phase 1.  Link to system mapping is one of the most important piece.  One way to do that is to try to calibrate the link curves, e.g., the BLER versus SNR curves.  This may depend on the agreement on NR channel coding.  Another way would be using well aligned link curves instead as a starting point.  It allows companies to start Phase 2 calibration as early as possible.  Considering extensive system-level calibration has been done in LTE, we can use legacy LTE modulation and coding schemes.  
4	Conclusions 
In this contribution, we have presented the CDFs of DL SINR without and with beam-forming, per Phase-1 Calibration requirements.  We also discuss views on Phase 2 calibration assumptions.
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