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1. Introduction
During email reflector discussion after the last meeting, the question of how many and what types of evaluation cases should be run.  The conclusion of the discussion was summarized as 

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.
As part of this discussion, the question of what particular calibration statistics should be generated in the calibration cases. This contribution proposes a set of statistics based on the top-down structure of the 3D MIMO channel model.
2. Structure of the 3D Channel Model
While the 3D channel model has not been completely specified, the general structure and most of the intermediate variables have been decided. Figure 1 illustrates this structure as consisting of four layers 1) Pathloss Generation, LOS/NLOS Selection, LOS Angle Calculation 2) Large Scale Parameter Generation 3) Small Parameter Generation 4) Normalized Transfer Channel Matrix and Long Term Gain Calculation. Spanning across multiple layers is the cell attachment function which associates a UE with one or more cells. The channel model input is a set of eNB and UE locations provided by the eNB and UE Dropping Model which, strictly speaking, is not part of the channel model but will nevertheless be discussed below along with the functional blocks of the channel model proper. The local coordinate system (LCS) to global coordinate system (GCS) Antenna Pattern Calculation block translates eNB and UE antenna patterns in the LCS to the GCS based on the cell index (i.e. which sector the cell corresponds to) and eNB orientation respectively.  The channel model’s outputs are the normalized channel matrix H and the “long term channel gain”, i.e., the product of the inverse of the path loss and the shadow fading gain.
It can be observed that with the exception of cell attachment, quantities in the channel model are processed in a top down fashion with the results of a one layer being input to lower layers.  This structure motivates a calibration strategy where calibration statistics collected at higher layers are verified first such that the inputs to the functions in the next lower layers can assumed to be correct.  The next section describes a  possible set of statistics which enables this top to bottom approach.
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Figure 1: The structure of the 3D channel model can be broken down into  four layers plus the cell attachment function.  The eNB and UE dropping model provides the locations of eNBs and UE and their indoor/outdoor status.
3. Calibrations Statistics
This section proposes a set of calibration statistics for each of the layers of the channel model in Figure 1 as well as the eNB and UE dropping model.
3.1. eNB and UE Dropping Model
It is possible to specify statistics for the dropping model, such as UE height distributions, percentage of indoor vs. outdoor UEs, and distribution of 2D and 3D distances to the nearest eNB. However this is probably not worth the effort in that the UE height distributions are a specified quantity as  is the percentage of indoor vs. outdoor UEs and therefore each company can verify these statistics themselves.  Similarly, uniform dropping of UEs in the xy plan is assumed and therefore the distribution of the 2D distance between UEs and the nearest eNB is the same or at least similar to what was generated in previous 2D simulation calibrations. For these reasons there is no need to collect statistics on the output of the eNB/UE dropping model.

Proposal:

· The eNB and UE dropping model can be calibrated by individual companies and therefore no calibration statistics need to be defined for inter-company calibration of this function.
It would be useful however to define eNB and UE reference drops, i.e. one or more drops for eNBs and one or more drop for UEs.  This would make comparisons of statistics inside the channel model easier since the same “input”  would be applied to the channel model of each company. Otherwise there may be too much variability to come to conclusions about whether companies statistics match without running a large number of drops. 

Proposal:

· Fixed reference eNB and UE drops with location, height, and indoor/outdoor information should be defined to facilitate easier comparison of companies’ results. 
3.2. Cell Attachment
The attachment block is unusual in that unlike the other blocks, it does not fit within the layer structure described above. It takes a large scale parameter, shadow fading gain, and possibly even the small scale parameters of departure and arrival angles and cluster powers depending on whether individual rays are used to calculate RSRP at the UE. This issue was addressed in [3] and discussed on the reflector before this meeting. but not resolution was obtained.

Strictly speaking it isn’t even clear that cell attachment belongs in the channel model itself since the cell to which a  UE associates with is defined by RRM procedures.  It isn’t feasible though to gather statistics on every eNB to UE link in the system and thus so some method of limiting the number of eNB to UE links on which to gather statistics is necessary.  The most straightforward approach is to compute the RSRP from each cell based on path loss and shadow fading gain and choose the cell with the highest power, or possibly choosing among a set of cells whose RSRP are within a range. While this is reasonable for system performance evaluation purposes, it doesn’t make sense to include shadow fading gain in the calculation of  RSRP for calibration purposes as the large scale parameter generation should be calibrated first before being allowed to influence statistics at the layer above. Once the channel model has been calibrated, RSRP calculation can be configured to include shadow fading gain. An additional benefit of not including shadow fading gain in the RSRP calculation is that with the same reference eNB and UE drops, all companies should attach to the same cells if their pathloss calculations are correct and LOS/NLOS selection is fixed for each link.

Proposal:

· Calculation of RSRP for the purposes of cell attachment should be performed with shadow fading gain set to one. 
For similar reasons it is recommended that RSRP be calculated based on single path LOS antenna gains only.  In a later stage of calibration, this restriction could be removed however.

Proposal:
· Calculation of RSRP for the purposes of cell attachment should be based on single path LOS antenna gains at least for initial rounds of calibration.
3.3. Path Loss

With the assumption that cell attachment is only based on path loss and not shadow fading gain, and in addition, the LOS/NLOS status of all links are fixed to predetermined states, the path loss (excluding shadow fading gain) can be collected as a statistic.  If reference drops are used, then all companies should get exactly the same set of path losses and deterministic rather than  statistical comparisons can be made.
Proposal
· Each UEs path loss to the serving cell should be collected as a test statistic.
3.4. LOS Angle Calculation

As with path loss, the LOS angles should match between companies if reference drops are used and no shadow fading is used for cell attachment RSRP. It would be useful to calculate these LOS angles as an additional statistic.  Note that with the agreement of using a global coordinate system for the channel mode specification, the LOS angle of a cell to UE link does not depend on either the sector associated with the cell or the bore sight of the cell’s antenna array.  Instead of the LOS being a function of the cell, the LCS to GCS transformation used is a function of the cell. That is to say that different LCS to GCS transformations corresponding to different azimuths rotations are applied to the eNB LCS antenna pattern depending upon which sector the cell corresponds. 
Proposal
· The set of LOS angles from cell site to the UE should be captured as a calibration statistic.

3.5. Large Scale Parameter Generation

The function of this block may be verified by collecting the sample covariance matrix of the vector of large scale parameters of ESD, ESA, ASD,ASA, shadow fading gain, delay spread, and K factor of each link. Different observations of the vector may be obtained by running multiple drops but using the same reference positions for eNB and UE positions and only varying the seed used for large scale parameter generation. 
Proposal
· Large scale parameter sample covariance matrices corresponding to all eNB to UE links should be collected as a calibration statistic. Multiple observations are obtained by running multiple drops with the eNB and UE locations remaining fixed but the seeds for the large scale parameter generation varying.

The ESD, ESA, ASD,ASA should also be collected in the same run as the sample covariance matrices in order to compare distributions of all angular spreads. The delay spread, K factor, and shadow fading gain may also collected but the generation of these is relatively straightforward and therefore it is probably not necessary to collect these statistics.

Proposal

· The ESD, ESA, ASD, and ASA should be collected as calibration statistics under the same conditions as for the large scale parameter sample covariance matrix.

3.6. Small Scale Parameter Generation

The most important small  scale statistics to capture are those related to the path angles of departure and arrival and their cluster powers.  These may be captured together in the power-weighted azimuth and elevation angular spreads for EoD, EoA, AoD, and AoA.  There are multiple ways of calculating  angular spread including that in  Section 1.4.1.6 of  [2] and circular statistics [3].
Proposal

· The power weighted angular spreads of EoD, EoA, AoD, and AoA should be collected as statistics.
· Particular formula for angular spread is TBD

3.7. Normalized Channel Matrix H
The normalized channel matrix is characterized by its left and right singular vectors and its singular values.  One set of useful statistics would be the collection of singular values since at least in idealized MIMO systems, the set of singular values determine the system performance. It would also be useful to collect a statistic corresponding to the singular vectors, especially the right singular vector as it is what matches with the precoding matrix.  Indeed a codebook could be defined and the element, 
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 could be recorded as a statistic.  Other methods are also possible.
Proposal

· The singular values of the normalized channel matrix should be collected as statistics.

· Statistics which are representations of the singular vectors are TBD.
3.8. Geometry 

The geometry can also be collected as an indication of the SINR of a UE. For fixed eNB and UE positions there will be one distribution for each link that can be compared, although a composite geometry of al the UEs geometries combined could also be collected.  Once all the stages described above have been calculated, the geometry with the received power calculated according to the path powers and subpath angles can be used.

Proposal

· The geometry calculated with the subpath antenna gains and path powers should be collected as a statistic.
4. Conclusion

This contribution proposed a set of calibration statistics corresponding to the four layers of the 3D channel model structure.  In order to ease comparisons between companies, it is recommended that at least for a first phase of calibration that one or more reference drops of eNB and UE locations drops be used for calibration of all functions in Fig. 1.  Once this is complete, random UE placement between drops can be done and the same set or a subset of statistics be generated.  
Proposal:

· Fixed reference eNB and UE drops with location, height, and indoor/outdoor information should be defined to facilitate easier comparison of companies’ results.
In addition it is proposed that no statistics on eNB and UE dropping model such as UE heights, distances to nearest eNB, etc. be collected.  
Proposal:

· The eNB and UE dropping model can be calibrated by individual companies and therefore no calibration statistics need to be defined for inter-company calibration of this function.
A summary of the proposed statistics is given in Table 1.
Table 1: Summary of Proposed Statistics for Calibration
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		Statistic		Description

		Cell Association		Calculate RSRP with shadow fading gain set to 1

				Be based on single path LOS antenna gains at least for initial rounds of calibration.

		Path Loss		Path loss to serving cell collected

		LOS Angle Calcualtion		LOS angle from cell site to the UE collected

		Large Scale Parameter Generation		Sample covariance matrices of large scale parameters on each link.

				ESD, ESA, ASD, ASA collected

		Small Scale Parameter Generation		Power weighted angular spreads of EoD, EoA, AoD, and AoA should be collected

				Formula for angular spread is TBD

		Channel matrix H		Set of Singular values collected

				Statisitcs on singular vector TBD

		Geometry		Geometry calculated with subpath antenna gains and path powers should be collected.
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