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1 Introduction
In RAN1#87, the following conclusion on MIMO calibration for NR has been made [1]:
Conclusion:
· Email (till next meeting) to collect additional phase 1 and phase 2 simulation results and clarify simulation assumptions, if any
In order to facilitate evaluation, the simulation assumptions have been reached in [87-30] email discussion [2]. Based on simulation assumptions in [2], this contribution presents phase-2 link level evaluation results on 4GHz frequency band. Phase-2 link level and system level evaluation results on 30GHz frequency can be found in our companion contributions [3] and [4], respectively.
2 LLS phase 2 calibration results
2.1 Evaluation assumptions for phase 2 calibration
In [2], BLER w/ beamforming as a function of SNR ranging from -20 dB to 0dB is adopted the metric of link level calibration. This BLER here equals the BLER over all drops. For numerous drops, different translation angles were generated as follows:
· The angles of BS, 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.
In addition, according to these agreements in Phase 2 calibration, LTE PRB structure with 12 REs x 14 symbols was used. To be more specific, the first two symbols (24 REs) are assumed for control channel but (i.e., CFI=2) not for data transmission. LTE DMRS pattern (antenna port 7 for Rank=1 transmission) was considered for data demodulation. Furthermore, ideal SVD was used for digital BF. Specifically, for SVD decomposition, the channel estimation for “CSI feedback” was assumed ideal without delay but the channel estimation for demodulation was based on LTE DMRS pattern. SVD was calculated at the beginning of PRB and keeps that constant for rest of PRB. Further details of simulation parameters are shown in Appendix.
2.2 BLER results
Based on the above mentioned evaluation assumptions, BLER performance results are shown in Figure 1 for CDL-A and CDL-B model, respectively.
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Figure 1: BLER results over transmit SNR according to CDL model
3 Conclusions
This contribution provides phase-2 link level calibration results on 4GHz frequency band. These results would be taken into collections for the calibration comparison.
References
[1] 3GPP TSG RAN1#87, Final Report of 3GPP TSG RAN.
[2] Summary of [87-30] email discussion on NR MIMO calibration.
[3] R1-1700939, “MIMO Phase-2 LLS calibration results on 30GHz frequency band,” Samsung, 3GPP RAN WG1 NR AH Meeting.

[4] R1-1700938, “MIMO Phase-2 SLS calibration results on 30GHz frequency band,” Samsung, 3GPP RAN WG1 NR AH Meeting.
Appendix: Evaluation assumptions
Table 1 Simulation assumptions for Phase 2 link-level calibration (Below 6GHz)

	Carrier Frequency
	4 GHz

	Subcarrier Spacing
	15kHz

	Data allocation
	8 RBs

· Note: Error free PDCCH decoding is assumed.

· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	Channel Model
	CDL-A and CDL-B
· delay spread =100ns

· UE speed=3km/h.

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization

	TXRU mapping weights
	TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897

	Criteria for beam selection
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ

	BS antenna element radiation pattern
	According to TR36.873

	UE antenna configurations
	(M,N,P,Mg,Ng) = (1,1,2,1,1)

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	UE antenna element radiation pattern
	Omnidirectional

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	MIMO mode
	SU-MIMO with rank=1

	UE receiver type
	MMSE-IRC

	MCS
	LTE MCS = 1


