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1 Introduction

In RAN1#73 meeting, it was agreed to have three simulation cases for 3D channel modelling calibration and two simulation phases [1]. For the second phase, there are two simulation cases which are Case 2 and 3. However, during the email discussion on the simulation assumptions for Case 2 and 3 after RAN1#74 meeting, there were different understanding on the purpose of Case 2 and 3. The conclusion of email discussion was to first clarify the purpose of Case 2 and Case 3 and then discuss the simulation assumptions. For the convenience of discussion, the details of Case 2 and 3 are provided in Appendix A.
In this contribution, we will discuss the purpose of Case 2 and 3 and also the simulation assumptions for calibration and baseline performance evaluation. Furthermore, different UE attachment methods are evaluated and compared. 
2 Discussion on Simulation Assumptions
Regarding the simulation work, in addition to the channel modelling calibration, it is also required to generate baseline simulation results with the new 3D channel model [2]. The channel modelling calibration includes the calibration with and without modelling of fast fading. The calibration without modelling of fast fading will be done by Case 1 (First phase) in the form of outputting coupling loss, geometry and EOD distribution. Hence, the calibration with modelling of fast fading should be performed in the second phase at least. 

As the purpose of calibration is to align the same understanding on the fast fading modeling and implementation in the system simulator among different companies, the simulation case should be helpful for identifying the reason of diverse calibration results from different companies. Also, the simulation case for the calibration should be as simple as possible.  For Case 2 and 3, the major difference is the mapping of antenna port onto antenna element(s). For Case 2, there is 1-1 mapping from antenna port to antenna element; however for Case 3, each antenna port is mapped onto M antenna elements. The mapping from antenna port to antenna element is independent of the generation of fast fading parameters, e.g., EOD and AOD, and therefore it seems that only one case in the second phase is sufficient for the fast fading modeling calibration. It is preferred to only use Case 2 for the calibration with the modeling of fast fading because of the simplicity.      

After the channel modeling calibration is finished, the new 3D channel model will be used to generate the baseline simulation results according to the number of antenna ports and transmission scheme supported in Rel-11. The baseline simulation results can be used as the reference of further enhancement study. As the number of antenna elements per antenna port for Case 3 is more realistic, Case 3 can be used for baseline performance evaluation.

Proposal 1:  Case 2 is for the calibration of fast fading modeling and Case 3 is for baseline performance evaluation.

For Case 2, it is preferred to have only one antenna configuration for simplicity, which could be either M = 4, N=1, X-pol or M=4, N=1, ULA. Two or more different antenna configurations for Case 2 would increase the simulation effort, but do not provide any help for the calibration of fast fading modeling. To facilitate the calibration of fast fading modeling, some metrics need to be defined for Case 2. For the fast fading modeling, the most important parts would be generating EOD, EOA, AOD and AOA for each cluster of each BS-UE link. Hence, the cumulative distribution function (CDF) of EOD, EOA, AOD and AOA can be used as the metrics to calibrate the channel. In addition, the CDF of the first and second largest eigen values of the channel can also be considered as the metric. For each metric, it is proposed to give the result for the case of LOS, NLOS and O-to-I.   
 Proposal 2: 

· For Case 2, only one antenna configuration is sufficient for calibration, which could be either M = 4, N=1, X-pol or M=4, N=1, ULA.
· The metrics for calibration of fast fading modeling include

· CDF of EOD and EOA

· CDF of AOD and AOA

· CDF of the first and second largest eigen values of the channel

· For each metric, the result for LOS, NLOS and O-to-I is provided separately 
For Case 3, at least two antenna configurations are needed because both ULA and cross-polarization are two typical antenna configurations considered in the previous MIMO study. Regarding the number of antenna port, it is preferred to have 4 antenna ports for the reduction of simulation load. The metric for Case 3 could be cell average and cell edge throughput or spectrum efficiency. Given the number of antenna ports and transmission scheme supported in Rel-11 is used for baseline performance evaluation, the difference with the simulation of 4TX CSI feedback enhancement in Rel-12 is the channel model, i.e., ITU 2D channel model and new 3D channel model are used respectively. Hence, the simulation assumptions for 4TX CSI feedback enhancement in Rel-12 can be reused.  

Proposal 3:

· For Case 3, the number of antenna port is 4 and the antenna configuration includes ULA and cross-polarization

· The metric is cell average and cell edge throughput or spectrum efficiency

· The simulation assumptions of 4TX CSI feedback enhancement in Rel-12 can be reused

3 UE attachment modelling
3.1 UE attachment alternatives 

Based on the email discussion, there are five alternatives for UE attachment, i.e., RSRP modelling.  The RSRP modelling of Alt.1-Alt.4 can be generalized as,  
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where, 
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is the transmit power in dB, 
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 is the path loss and shadow fading in dB and 
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is combined TX&RX antenna gain in dB, 
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is the number of sub-carriers in the system bandwidth. 

The difference for Alt.1-Alt.4 is the antenna gain calculation which is shown below, 
· Alt. 1: Based on LOS direction only
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· Alt. 2: Based on mean angles
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where, 
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 are the mean value of EoD, AoD, EoA and AoA, respectively. 
· Alt. 3: Based on angle of all clusters
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where Pn is the power of cluster n, 
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 are EoD, AoD, EoA and AoA of cluster  n  respectively.
· Alt. 4: Based on angle of all rays of all clusters 
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where, Pn,m is the power of ray m within cluster n, 
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 are the value of       absolute EoD, AoD, EoA and AoA of ray m within cluster n respectively.
· Alt. 5: Based on channel realizations H 
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        where, J is the number of REs used for performing RSRP measurement and 
[image: image23.wmf]j

h

is the channel coefficient at resource element (RE) 
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 in the frequency domain. In the following simulation, the REs used for RSRP measurement are within one sub-frame. The frequency domain channel coefficients are obtained from the transformation of time domain channel response as agreed in [3]. 

For Alt.1, the antenna gain corresponding to LOS direction is calculated. However, based on the discussion on 3D channel modelling and the measurement results so far, it is observed that there is an EOD offset relative to the LOS direction when generating EOD [4]-[7]. In case the EOD offset is not small, it may cause large difference between the antenna gain of LOS direction and the direction of LOS+EOD offset, especially for the antenna radiation pattern with fluctuation, e.g., the antenna radiation pattern generated by applying DFT vectors as the complex weights on M=10 antenna elements [8]. Hence, Alt.1 is not preferred from UE attachment accuracy perspective. 
For Alt.3 and Alt.4, the related angles for calculating antenna gain are based on the angle used in Alt.2. Take EOD as an example, the EOD used in Alt.3 and Alt.4 can be respectively expressed by 
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where,  
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is the cluster number and 
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is the ray number within one cluster; 
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is the angle used in Alt.2, 
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 is a random variable and the mean value is 0, 
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 is an angle related to ESD and elevation power angular spectrum, 
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is cluster ESD, 
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is an offset angle for ray 
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. For Alt.4, the antenna gain of each ray within one cluster is exactly modelled, and therefore Alt.4 is the most accurate UE attachment method. As the cluster ESD and the offset angle for ray 
[image: image35.wmf]m

is normally small, there might be minor difference between the antenna gain of Alt.3 and Alt.4 considering the same power for each ray within one cluster. Hence, Alt.3 and Alt.4 may have the similar UE attachment. Regarding the difference between Alt.3/4 and Alt.2, it is the angle generated from ESD and elevation PAS which may cause large antenna gain difference and impact the UE attachment accuracy. 
Among these five alternatives, Alt.5 is the realistic RSRP measurement which takes both large scale fading e.g., path loss and shadow fading, and fast fading into account. However, for Alt.5, the additional discussion on the definition of RSRP measurement window is needed for the calibration and baseline performance evaluation, e.g., the number of REs in the frequency domain and the number of sub-frames in the time domain; otherwise, different implementation in the simulator may result in diverse UE attachment result. In addition, it is needed to generate frequency channel response for each BS-UE link before determining UE attachment, which increases the implementation complexity in the simulator. 
3.2  Simulation results

To compare UE attachment accuracy of these five alternatives, the simulation is performed. In the simulation, two different antenna port to element mapping schemes are assumed, which are 1-1 and 1-M (M=10) mapping. For the case 1-M mapping, the detail of antenna gain calculation can be found in Appendix B. The fast fading parameters used in simulation are based on our previous contribution [4]. As mentioned in section 3.1, Alt.4 is the most accurate UE attachment method, and therefore Alt.4 is regarded as the baseline in the simulation. For each alternative, the RSRP deviation relative to Alt.4 and the UE attachment error rate is provided. Regarding the UE attachment effort rate, if the UE attachment cell for each alternative is different from that of Alt.4 based on the same channel, it is regarded as a wrong UE attachment. The simulation results are shown in Fig.1-2.
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Fig.1. RSRP deviation relative to Alt.4
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Fig.2. UE Attachment Error Rate of each alternative 
The RSRP deviation is defined as
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where, 
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 is the RSRP value of Alt. i for BS-UE link n, and N is the total number of the RSRP value.

It can be observed that Alt.1 and Alt.2 have similar RSRP deviation in case 1-1 antenna port mapping. The reason is that the antenna element vertical radiation pattern is broad and the antenna gain variation over elevation angle is smooth. The different angles used in Alt.1 and Alt.2 will not result in large antenna gain difference. However, in case 1-M antenna port mapping, Alt.1 has larger deviation than Alt.2 which verifies the aforementioned analysis, i.e., small angle variation may cause large antenna gain difference due to the antenna radiation pattern fluctuation in case 1-M  antenna port mapping. Also, it is observed that Alt.3 has very small RSRP deviation as the analysis. The RSRP deviation aligns with the result of UE attachment error rate, i.e., larger RSRP deviation corresponds to a higher UE attachment error rate. 
Based on the discussion and simulation results, Alt.3 and Alt.4 seem a good choice for UE attachment.
Propose 4: For UE attachment, both Alt.3 and Alt.4 can be considered and one of them can be adopted. 
For 1-M antenna port mapping in the simulation, the DFT based weight vector has been used. The DFT based weight vector will produce a very narrow beam in vertical direction, which will affect the BS coverage in vertical direction. To solve this problem, the weight vector for CRS virtualization should be discussed based on the requirement of vertical cell coverage. 
Propose 5: CRS virtualization weight vector should be discussed based on the requirement of vertical cell coverage.
4 Conclusions
In this contribution, the simulation assumptions for calibration and baseline performance evaluation are discussed. Based on the discussion and simulation, there are the following proposals: 
Proposal 1:  Case 2 is for the calibration of fast fading modeling and Case 3 is for baseline performance evaluation.

 Proposal 2: 

· For Case 2, only one antenna configuration is sufficient for calibration, which could be either M = 4, N=1, X-pol or M=4, N=1, ULA.
· The metrics for calibration of fast fading modeling include

· CDF of EOD and EOA

· CDF of AOD and AOA

· CDF of the first and second largest eigen values of the channel

· For each metric, the result for LOS, NLOS and O-to-I is provided separately 
Proposal 3:

· For Case 3, the number of antenna port is 4 and the antenna configuration includes ULA and cross-polarization

· The metric is cell average and cell edge throughput or spectrum efficiency

· The simulation assumptions of 4TX CSI feedback enhancement in Rel-12 can be reused
Propose 4: For UE attachment, both Alt.3 and Alt.4 can be considered and one of them can be adopted. 

Propose 5: CRS virtualization weight vector should be discussed based on the requirement of vertical cell coverage.
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Appendix A 
· 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
Appendix B 

For Case 2, there is only one element at per antenna port, i.e., K=1.  However, for Case 3 (K = M), there are M elements per antenna port and complex weight for each element is defined to generate the antenna port radiation pattern. In the simulator, the antenna gain can be obtained by either using antenna port radiation pattern or combining the weighted antenna gain for each element. Here, the detail of method combining the weighed antenna pattern for each element is provided for information. 

Alt 1: LOS direction only
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where wk is the complex weight for element k [9]. If DFT weight vector is used,
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Alt 2: based on mean angles
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where 
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 are the mean value of EoD, AoD, EoA and AoA, respectively.
Alt3: based on angle of all clusters
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where Pn is the power of cluster n, 
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 are EoD, AoD, EoA and AoA of cluster  n  respectively.
Alt4: based on angle of all rays of all clusters
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where, Pn,m is the power of ray m within cluster n, 
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 are the value of  absolute EoD, AoD, EoA and AoA of m-th subpatth of n-th path.
Alt5: Based on channel realizations H

The frequency domain channel realization 
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