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1. Introduction
Considerable progress has been made on how to perform the calibration campaign. RAN1 #73 laid out a phased approach as follows
Conclusion:  take the following bullets as working assumption.

· Three evaluation cases for 3D channel modeling calibration

· First phase: 
 (Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)

· K = 1, M
· Second phase: 
· (Case 2): Baseline performance with K = 1

· Transmission scheme, total number of antenna ports and elements FFS

· 1-1 mapping from antenna elements to antenna ports 

· Full buffer and 10 users 

· Note: Does not have any impact on choice of traffic model, number of UEs, and antenna configuration for later performance assessments

· (Case 3): Baseline performance with K = M
· Transmission scheme, total number of antenna ports and elements FFS

· M vertical antenna elements are mapped per antenna port

· Full buffer and 10 users 

· Note: Does not have any impact on choice of traffic model, number of UEs, antenna configuration for later performance assessments

· For cases 1&3, companies are encouraged to provide reference results using corresponding 2D channel model

· For Case 1, UE attachment is modeled considering LOS angles only

· When K = M, for both UMa and UMi,  example electrical downtilt values are qetilt = 96, 99, 102 (in degree).

· For Cases 2 and 3, UE attachment modeling is FFS

· Whether to use LOS angles only, or to take into account ESD and median EoD as well, for RSRP modeling.

· Note: 

· multiple downtilt value is needed in the first phase (case 1) for evaluation and investigation, and the group may converge on a single donwtilt value per calibration  scenario (e.g., 3D UMi, 3D UMa, antenna spacing, etc) in the second phase  (cases 2&3).

This contribution discusses aspects of channel model calibration. In particular, it considers the important issue of verifying the correctness of the final generated channel matrix realization as opposed to only calibrating intermediate parts of the model.
2. Calibration based on the Generated Channel Realization Matrices
Implementing a channel model and verifying that it is correct is an elaborate and tedious task that deserves more attention. It is crucial that channel model implementations across companies are both aligned and correct in order to facilitate reaching conclusions and expedite discussions on evaluation results. The so far agreed calibrations assumptions form a good basis but it appears worthwhile to extend the number of parameters considered to better ensure correct implementations and speed up debugging efforts. In particular, what matters in the end are the characteristics of the generated channel realizations and hence parameters directly derived from those should be considered.
Observation

· Implementing a channel model and verifying its correctness is an elaborate and tedious task

· It is crucial that implementations across companies are well-aligned and correct to facilitate future discussions on evaluation results

· What matters in the end is the characteristics of the generated channel realizations
Verifying the correctness of the generated channel realizations is unfortunately not well-captured in the existing working assumption; only intermediate parameters (elevation parameters) occurring in some of the many steps of the ITU channel model are assessed, in addition to the usual geometry and coupling loss statistics which completely ignore the fast fading. Even if these few parameters are well-aligned, the properties of the final channel realization could still differ greatly among companies. 

Observation

· Present working assumption on calibration only considers intermediate parameters and fails to secure important characteristics of the generated channel realizations

· Properties of the generated channel realization can vary greatly despite calibration 
Although it is true that the second phase in the calibration campaign implicitly involves the whole channel model and not just some small parts of it, the setup in those performance evaluations involve so many other things, including link to system level modeling that it is hard to distinguish effects coming from errors in channel model implementation from other differences in implementations. In addition, those evaluations assume full buffer traffic and are hence most likely completely interference limited and hence show rather low SINR values which are not very friendly towards multi-layer transmission. Such performance calibration thus fails in exposing differences in channel characteristics that greatly affect MIMOI performance.  It is therefore important to also consider characteristics captured directly from the final channel realizations. 
Observation
· The UE throughput results in Phase 2

· do not isolate the characteristics of the generated channel realization from other implementation parts in a system simulator (e.g. link to system level modeling) 

· exhibits low sensitivity to properties important for MIMO performance due to its full buffer assumption
Proposal
· Introduce calibration statistics captured directly from the generated channel realizations

One characteristic of the channel that is fundamental for the MIMO performance is how the singular values of the channel matrix are distributed. Calibration statistics could here be a CDF of the ratio of the largest and small singular value (i.e. the condition number) of each channel matrix realization. Further calibration information could involve presenting the CDF of each singular value.

Proposal

· Provide CDF of the condition number of each channel matrix realization

· Provide CDF of the first, second, etc singular value of each channel matrix realization

· Further calibration statistics based on generated channel realizations not precluded

2.1. Antenna Tilt

Values for antenna tilt in the calibration campaign are not yet set. There is however no need for optimization of the tilt value to obtain the best possible performance. We should rather strive to determine a tilt value that exposes the right parts of the channel model so that we can verify its correct implementation. The tilt values we develop for calibration are anyway not supposed to be used for performance evaluations so it is a waste of efforts trying to find the “optimal” tilt value.

Observation

· Electrical tilt values need to be determined

· No need for optimization of tilt value

· a calibration campaign is not targeting maximizing the performance but rather ensuring the correct implementation of the channel model across companies
The terminology concerning antenna tilt in the working assumption is confusing and unfortunate. A tilt is supposed to represent an angular offset applied to an antenna diagram. For example, a 15 degree electrical downtilt means every vertical cross-cut of the antenna diagram is shifted 15 degrees downwards. In particular, the tilt angle is not to be confused with an angle describing the direction of the main lobe of the antenna or antenna array. Unfortunately, that is exactly what has happened in the working assumption text mentioning tilt angles of 96, 99, 102 degrees. To avoid further confusion we should use the previous and well-established meaning of antenna tilt as an angular offset

Proposal

· Revert back to using the normal and well-established meaning of antenna tilt as an angular offset

· Working assumption text “example electrical downtilt values are qetilt = 96, 99, 102 (in degree).” can be re-formulated as “example main lobe pointing directions described by elevation angles of qmlobe = 96, 99, 102 (in degree).”
2.2. Antenna Modeling
The antenna and channel models may later be used for assessing the performance of elevation beamforming and FD- MIMO. Such schemes exercise tight control of the phase and amplitude of individual subelements, i.e., subelement weights can be controlled and changed on a dynamic basis. Schemes that rely on fixed subelement weights form appropriate baselines for measuring performance gains of these new techniques. This immediately raises the question what fixed subelement weights to assume when assessing these baseline schemes. The weights need to be well-designed or otherwise the reported performance gains risk to be exaggerated resulting in misleading conclusions. 
Observation
· Schemes employing fixed weights for control of subelements constitute baseline for assessing gains of elevation beamforming and FD-MIMO

Ultimately, it makes sense to compare the performance of new schemes with at least the simplest baseline scheme – a scheme which uses conventional antennas. A conventional antenna uses fixed weightings for its subelements. For fair performance comparisons, it is important that all schemes to that are compared, including baseline schemes, are evaluated using the same type of subelements.  Naturally, fairness also dictates that the fixed weights of baseline schemes should be well-designed to match the properties of a conventional antenna (which in practice naturally need to be well-designed) . Toward this end, it was decided in RAN1 #72bis to develop such fixed weights matching the 3GPP antenna diagram according to

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions

There is thus an outstanding FFS on the development of such weights that RAN1 needs to be adressed.

Observation

· The fixed subelement weights in baseline schemes should be well-designed and matched to the properties of a conventional antenna

· A commonly agreed set of subelement weights need to be developed to ensure consistent results.

· RAN1 has decided to develop weights for the subelements to match the antenna diagram of the 3GGPP antenna model

· It is an open issue what those weights and that needs to be addressed by RAN1

3. Conclusions

This contribution discussed aspects related to channel model calibration and made a number of observations including 
· Present working assumption on calibration only considers intermediate parameters and fails to secure important characteristics of the generated channel realizations
· Properties of the generated channel realization can vary greatly despite calibration
· The fixed subelement weights in baseline schemes should be well-designed and matched to the properties of a conventional antenna

· A commonly agreed set of subelement weights need to be developed to ensure consistent results.

· RAN1 has decided to develop weights for the subelements to match the antenna diagram of the 3GGPP antenna model

· It is an open issue what those weights and that needs to be addressed by RAN1

and based on those we propose
· Introduce calibration statistics captured directly from the generated channel realizations
· Provide CDF of the condition number of each channel matrix realization

· Provide CDF of the first, second, etc singular value of each channel matrix realization

· Further calibration statistics based on generated channel realizations not precluded

· Revert back to using the normal and well-established meaning of antenna tilt as an angular offset

· Working assumption text “example electrical downtilt values are qetilt = 96, 99, 102 (in degree).” can be re-formulated as “example main lobe pointing directions described by elevation angles of qmlobe = 96, 99, 102 (in degree).”
