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1. Introduction

In the previous RAN WG1 #58bis meeting, initial simulation assumptions were introduced and agreed upon [1]. In addition, Qualcomm suggests, in [2], to modify the simulation assumptions with the distribution of short term antenna imbalance. In this document, we would like to further clarify the short term antenna imbalance for simulation. We also suggest the method to calculate the performance metrics (diversity gain) so that all the contributing companies have a common ground to compare the simulation results. In addition, we propose to RAN WG1 to consider adding options of non-zero RX antenna correlation used in simulation to reflect the most environment situations.
2. Short term antenna imbalance
The long term antenna balance and the short term antenna imbalance are estimated in [3]. The long term antenna imbalance is attributed from the difference of the antenna efficiency, which is by (antenna) design and will not change temporally. It is indeed a “permanent” antenna imbalance. Hence, the maximum diversity gain can be obtained by designing the two antennas with the equal efficiency.

On the other hand, the short term antenna imbalance can be derived by fading (slow and fast fading), and antenna patterns. Note that the distribution of the difference between two random numbers from the same distribution (e.g., Raleigh distribution) is close to Gaussian. This matches the observed antenna imbalance statistics shown in [3].  
Simulations usually include certain channel model (fading included). Hence, the antenna imbalance due to fading is indeed included in simulation already. Only the portion of antenna imbalance due to the antenna pattern is left out and need to be included in simulation. The “whole” short term antenna imbalance was suggested to be added into simulation. This addition will double count the fading effect. Instead, we suggest just add the antenna pattern into the simulation to count for the missed part of antenna imbalance. It can be implemented by randomly choosing the Angle of departure for each TX path/slot with a (fixed) specialty antenna pattern. An example specialty antenna pattern is described [4]. 
3. Diversity gain calculations
Considering the antenna pattern difference (short term antenna imbalance) between the two transmit antennas, we can assume each antenna can be used for the single antenna operation. The gains of the diversity (dual antenna) operation relative to each single antenna operation  can be different due to the short term antenna imbalance. It is fair to take the average of the  gains relative to each TX antenna. Hence, we suggest the followings to calculate the diversity gains. 

1. In general, the diversity gain should be the average over the gains relative to the stronger antenna and to the weaker antenna except that the long term (permanent) antenna imbalance is introduced when you just consider the gain relative to the stronger antenna.
2. The TX power should be averaged over per-slot basis since power control changes the TX power on slot basis.
3. The average of the TX powers should be calculated on linear basis (not dB mean).
4. NodeB Rx antenna correlation

It is usually assumed that NodeB antennas have zero correlation, which is true when they are way below the Height Above Average Terrain (HAAT), but not accurate with installations that are exposed to near light-of-sight situations, which represents most of cases except of urban areas, typically using low or even negative HAAT.

It is therefore proposed to discuss the option to add to the assumption Rx correlations higher than zero (for instance 0.3, 0.5)

5. Conclusions

In this contribution, we clarify the short term antenna imbalances and propose a method for the gain calculations and new correlation values (other than zero) for RX antennas used in simulation. This provides a common platform to compare the simulation results. It is proposed that RAN WG1 consider the proposed guidelines and agree on a way forward.
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