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Introduction
At the last RAN1 NR Ad-Hoc meeting, some proposals which are related to MIMO phase 3 calibration were agreed as followings [1]:
Agreements:
· Set-up email discussions to collect phase1~3 results separately – Chuangxin (ZTE)
· For updating phase-1 results: Until Feb. 6
· Companies are encouraged to update results (particularly for the micro layer of dense urban scenario)
· If further clarification of simulation assumptions is needed, it can also be discussed under this email thread
· For phase-2 results: Until Mar. 31
· For phase-3 results: Until Apr. 28
· Separate the excel sheet(s) for link level and system level.
· Email discussion moderator to summarize the above results and submit separate tdocs.
· Add in TR 38.802 A.1 link level evaluation assumptions/results for MIMO calibration
· Summarize evaluation assumptions based on email discussion
· Capture the reference tdoc # containing the link level evaluation assumption
· Capture the reference tdoc # containing the excel sheet(s)
· Add in TR 38.802 A.2 system level evaluation assumptions/results for MIMO calibration
· Summarize evaluation assumptions based on email discussion
· Capture the reference tdoc # containing the system level evaluation assumption
· Capture the reference tdoc # containing the excel sheet(s)
· FFS: how to capture the phase-2 and phase-3 results

Detailed scope of the calibration in each phase is summarized as follows.
· 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)
The phase 3 calibration is very important to align companies’ understanding and implementation of the related channel model features, and MIMO configurations, in order to investigate beam management associated with UE movement/rotation/blockage. In this contribution, we propose our views about MIMO phase 3 calibration assumpations and procedure, and present some initial calibration results.
Calibration assumptions and procedure
Calibrating the mobility related features separately can be easier to reach an alignment among companies. 
For  blockage, select the best beam pair among the limited set of DFT beams per drop, based on the criteria of maximizing receive power after beamforming. Blockage in MIMO calibration is similar with channel model calibration except for the antenna array configuration. Hence, the calibration metrics can follow the channel model calibration metrics. 
For UE rotation, calibration procedure is proposed as follows: updating the channel small scale parameters and selecting the best beam pair among the limited set of DFT beams per 30 ms, based on the criteria of maximizing receive power after beamforming; and collecting the results of the performance metrics after 300ms. The value of 30ms and 300ms is a trade-off between evaluation complexity and modelling accuracy. 
For UE movement, calibration procedure is proposed as follows: updating the small scale parameters per 100ms; selecting the best beam pair among the limited set of DFT beams per 500 ms, based on the criteria of maximizing receive power after beamforming; And collecting the results after 2000ms. One thing needs to be emphasized is that we only record the UE data without TRP reselection since we only want to observe the influence caused by beam reselection. Once UE performs the TRP reselection, an overall beam sweeping is straightforward. 
In order to achieve a quick alignment among companies, the detailed and step-wise metrics are very necessary. Coupling loss and geometry as basic metric could show some more details. Meanwhile, spectral efficiency is the final indicator to reflect the system performance. Hence, we propose to combine the phase 1 metrics and phase 2 metrecs as the phase 3 metrics, i.e. submit the coupling loss, geometry and spectral efficiency to RAN1.
Detailed description for the performance metrics are listed as follow:
1. Coupling loss and geometry with analog TX/RX beamforming
2. Coupling loss and geometry with analog TX/RX beamforming and SVD-based digital TX/RX beamforming
3. Spectral efficiency
Proposal 1 : Using the following metrics for phase 3 calibration.
· Coupling loss and geometry with analog TX/RX beamforming;
· Coupling loss and geometry with analog TX/RX beamforming and SVD-based digital TX/RX beamforming;
· Spectral efficiency.

Initial calibration results with beam sweeping
Given the above mentioned assumptions, in this section, we provide initial evaluation results of UE movement, UE rotaton and blockage with beam sweeping. Results are summarized in Figure 1~7. Evaluation assumptions following the MIMO phase1/2 calibration assumptions are listed in Table A-I. 
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Figure 3: CDF of coupling loss with UE rotation            Figure 4: CDF of geometry with UE rotation
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Figure 5: CDF of coupling loss with blockage            Figure 6: CDF of geometry with blockage
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Figure 7: CDF of ASA with blockage
From the simulation results, we can observe that there is nearly no difference between the performance achieved at start time and observation instance for UE movement and UE rotation. This is because we considered the TRP reselection and a wrap around model when UE is out of the network boundary. Although the simulation assumptions are reasonable for a pratical performance evaluation, the simlation results can’t reflect the accuracy of modeling, i.e. the bearing angle variation caused by UE rotation and channel response variation caused by UE movement. Hence, we propose the following two candidate methods for reference and provide the simulation results for the first method.
1. Performing the beam sweeping at start time and keep unchanged (i.e., without beam switching) during the simulation, TRP reselection and UE wrap around are considered.
2. Performing the beam sweeping during the simulation, TRP reselection and UE wrap around are not considered
Proposal 2 : Using one of the following methods as the calibration assumptions.
· Performing the beam sweeping at start time and keep unchanged (i.e., without beam switching) during the simulation, TRP reselection and UE wrap around are considered;
· Performing the beam sweeping during the simulation, TRP reselection and UE wrap around are not considered.

Initial calibration results without beam switching
In this section, we provide initial evaluation results of UE movement and UE rotaton without beam switching. Results are summarized in Figure 8~11.
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Figure 8: CDF of coupling loss with UE movement           Figure 9: CDF of geometry with UE movement
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Figure 10: CDF of coupling loss with UE rotation            Figure 11: CDF of geometry with UE rotation
It is observed that without necessary beam switching, UE movement and UE rotation cause performance loss in terms of coupling loss and geometry.
Summary
In this contribution, we provide the initial resutls of MIMO phase 3 calibration. Based on the evaluation results, the proposed viewpoint can be summarized as:
Proposal 1 : Using the following metrics for phase 3 calibration.
· Coupling loss and geometry with analog TX/RX beamforming;
· Coupling loss and geometry with analog TX/RX beamforming and SVD-based digital TX/RX beamforming;
· Spectral efficiency.
Proposal 2 : Using one of the following methods as the calibration assumptions.
· Performing the beam sweeping at start time and keep unchanged (i.e., without beam switching) during the simulation, TRP reselection and UE wrap around are considered;
· Performing the beam sweeping during the simulation, TRP reselection and UE wrap around are not considered.
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Appendix
Table A-I: Simulation assumptions for MIMO phase 3
	Parameter
	Values

	Scenarios
	5G-UMa

	Carrier Frequency
	30 GHz

	BS number
	7 sites

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dH,g, dV,g) = (4.0, 2.0)λ

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dH,g, dV,g) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	Beam sweeping updating interval
	500TTI

	BS port mapping
	DFT codebook, the same as phase-2 calibration

	UE port mapping
	DFT codebook, the same as phase-2 calibration

	UE wrap around
	Modeling

	TRP reselection
	Modeling

	UE distribution
	Following TR36.873, 3D dropping, 100% UE outdoor. 10 users per TRP.

	Mobility
	UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed, e.g., 30 km/h. Using straight line model.

	Rotation
	Fixed speed of 50 rpm

	Blockage
	Adopt blockage Model-A K=5 in TR38.900

	Calibration method
	Collect the UE data without TRP reselection.

	Metrics
	1) CDF of coupling loss (serving cell)
2) Geometry before receiver – determined from RSRP (formula) from CRS port 0 
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