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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).
The email discussion [74-09] following RAN1 #74 discussed the way forward in [1] concerning evaluation assumptions for second phase calibration. The proposal is listed in Figure 1and the conclusions were as follows:
Conclusion on R1-133966:

Continue discussion on the following alternatives for the purpose of Case 2 and Case 3 evaluations:             

Alt 1: Both Case 2 and Case 3 for both calibration and baseline performance

Alt 2: Case 2 for calibration only, Case 3 for baseline performance

Alt 3: Both Case 2 and Case 3 for calibration only, FFS for the baseline performance setup

Antenna configurations for Cases 2 and Case 3 are FFS. 
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Figure 1: Proposal in WF on second phase calibration.
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. It also discusses requirements that must be met for modeling of RSRP used for e.g. UE to node association.
2. Golden Rule of Calibration
As always, the golden rule in debugging is to isolate the problem. Thus, adopting a step-wise approach in which features are progressively added to the model and verified before considering the impact of additional features is important. For example, we could verify correct implementation of NLOS part separately from LOS part by specifying that all links in a calibration run are NLOS and thereafter in a second calibration run all links are set to LOS.

Observation

· Golden rule of debugging is to isolate the problem
· Trying to verify all features at once is rarely helpful in finding errors in implementations

· Could even hide errors as two errors may cancel each other in the particular test setup
Proposal

· Adopt a step-wise approach to calibration

· One feature at a time is verified before adding the next

· Example: Artificially set all links to NLOS and provide calibration statistics, do the same but with all links set to LOS, etc
Problems in implementations can lie in a multitude of different areas. To be able to pinpoint specific areas is facilitated by providing many different kinds of calibration statistics. This would also increase our confidence that the implementations indeed behave similarly after a calibration campaign. Just verifying a few parameters, like geometry and coupling loss, is surely not sufficient to with any confidence reach the conclusion that implementations are correct even if those few metrics turns out to (coincidentally) match.
Proposal

· Provide many different kinds of statistics to simplify finding problem areas in implementations

3. 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 first 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 seems 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 consequently show rather low SINR values which are not very friendly towards multi-layer transmission. Such performance calibration therefore 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. It was also pointed out by some companies on the email reflector (in the email thread [74-09]) that we should clearly distinguish between channel model verification and system level performance verification and first make sure we make a thorough verification of the channel model since everything else relies on that.

Observation
· The performance evaluation as part of Phase 2

· does 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
· Clearly distinguish between channel model verification and system level performance evaluation/verification 
· First consider how to ensure pure channel model verification in second phase calibration before dealing with system level evaluation/verification

· 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 smallest 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

4. UE to Node Association

UE to node association affects cell shapes and hence adopting a consistent and accurate rule for how to select cells is crucial for the future work in 3GPP as well as for the calibration campaign itself. The latter since calibration statistics usually depends on the cell selection. Node association is performed based on RSRP measurements. Thus, to a large degree the node association problem boils down to computing RSRP, i.e., a long-term received power, in the simulator. For consistent behavior among companies, the TR should state the exact formula to use for RSRP computation.
Proposal

· We need to agree on a rule to perform node association, meaning how to perform accurate RSRP computation needs to be clarified

· TR should state the exact formula to use for RSRP computation
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A proposal on RSRP formula was provided in the way forward in [2] and repeated for convenience below
where Pn,m is m-th subpath power of n-th path. This formula is based on all rays of all clusters and is hence in this aspect reasonable and thus attractive. However, it seems to completely ignore that the channel has polarization properties. It also does not make clear how to deal with virtualization of the antenna ports. The latter is a crucial aspect that we have to deal with considering that RSRP is measured on CRS antenna ports and they will need to be mapped to a multitude of subelements for achieving good coverage. 

Observation
· Proposal on RSRP measurement in way forward [2]  is insufficient since it  does not handle polarization and antenna virtualization

Proposal

· RSRP formula should be based on all rays in the channel model

· RSRP formula needs to correctly model polarization and antenna port virtualization
The email discussions in thread [74-09] gives a list of alternatives for RSRP computation, where the above way forward proposal is included as one of the alternatives:
Companies are encouraged to bring comparison results among different methods on UE attachment modeling, e.g.,

•       Based on LOS direction only

•       Based on mean angles

•       Based on angle of all clusters

•       Based on angle of all rays of all clusters (R1-133967)

•       Based on channel realizations H

with the goal of agreeing on a single described way in TR of performing UE attachment modelling that also makes it clear how to handle antenna virtualization of CRS.  Note the CRS virtualization is already clear for Case 2 with 1-1 port-to-element mapping, and is desired to be clarified for Case 3. Note that CRS virtualization may be described by the use of complex weights.

The problem with this list is that most alternatives are not accurate since they do not consider all rays. The alternative on using angles of all rays makes sense, but the formula from [2]  is then not appropriate. Basing RSRP on channel realizations can be made arbitrary accurate but then only at the expense of extreme complexity since many channel realizations would then be needed.
Observation

· None of the alternatives for RSRP computation makes clear how to solve the problem of RSRP computation

5. Conclusions

This contribution discussed aspects related to channel model calibration and UE to node association and made a number of observations including 
· Golden rule of debugging is to isolate the problem

Based on the observations the following is proposed for channel model calibration

· Adopt a step-wise approach to calibration

· One feature at a time is verified before adding the next

· Example: Artificially set all links to NLOS and provide calibration statistics, do the same but with all links set to LOS, etc
· Provide many different kinds of statistics to simplify finding problem areas in implementations
· Clearly distinguish between channel model verification and system level performance evaluation/verification 
· First consider how to ensure pure channel model verification in second phase calibration before dealing with system level evaluation/verification

· 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
and for UE to node association 

· We need to agree on a rule to perform node association, meaning how to perform accurate RSRP computation needs to be clarified

· TR should state the exact formula to use for RSRP computation

· RSRP formula should be based on all rays in the channel model

· RSRP formula needs to correctly model polarization and antenna port virtualization
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