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1. Introduction

In RAN1#78bis, the number of antenna columns for homogeneous scenarios was agreed to 4 for phase 1 evaluations [1]. Compared to phase 1 evaluations, the discussion on the same topic for phase 2 evaluations was quite divergent. A number of companies had different opinions on what would be the adequate number of antenna column of phase 2 evaluations. In particular, some companies’ view was that large number of antenna columns should be considered as part of EBF and FD-MIMO for phase 2 evaluations. RAN1 was not able to come to an agreement on this issue during RAN1#78bis since the impact of expanding the size of antenna in horizontal domain beyond 4 had not been investigated carefully. This contribution discusses the influence of large number of antenna columns with respect to technical aspects such as physical antenna size and mounting space. Furthermore, Samsung’s view on this issue in the context of the EBF and FD-MIMO study item’s work scope and future work in RAN1 is presented. 
2. Number of antenna columns for phase 2
Given the extensive evaluation work and specification enhancement expect for EBF and FD-MIMO, it is important that the details on the evaluation assumptions for phase 2 be determined as soon as possible. One of the issues that require immediate attention is the antenna configuration. In the EBF and FD-MIMO study item, the number of TXRU’s is limited up to 64 [2]. Although a number of different antenna configurations are possible within this limitation, RAN1 should carefully identify the correct subset of antenna configurations for future phase 2 evaluation work. In doing so, practical limitations in antenna implementation and actual system deployments should be taken into account. In this contribution, some issues that arise from increasing the number of antenna columns beyond 4.
·  Antenna array form factor and mounting space of antennas:
As stated in the SID [2], the target operating frequency range for EBF and FD-MIMO considering practical antenna size limitations should be identified. Likewise, we should carefully think over the number of antenna columns considering physical antenna array form factor and mounting space for antenna deployment on the rooftop or tower. The antenna array form factor is dependent on the operating frequency because the antenna spacing between neighboring antennas is proportional to the wavelength of the carrier frequency.
In Table 1, the antenna array form factor in the horizontal direction is calculated for two different operating frequencies of 2GHz and 3.5GHz with different number of antenna columns, N. It was assumed that the antenna spacing between neighboring antenna columns in the horizontal direction is set to 0.5(. As shown in Table 1, in case of 2GHz, the horizontal array form factor for N=8 is slightly over 50cm. However, the practical antenna implementation would likely result in a form factor that is larger since the values in Table 1 were calculated considering only antenna spacing. In other words, factors such as other components integrated with the antenna and outer casing that are necessary in actual antennas were not taken into account. Obviously, the antenna array form factor is reduced for higher carrier frequency such as 3.5GHz as shown in Table 1

Table 1 – Antenna size in the horizontal domain according to different number of antenna columns (dH=0.5()

	N
	2
	4
	8
	16

	2 GHz
	7.5cm
	22.5cm
	52.5cm
	112.5cm

	3.5 GHz
	4.3cm
	12.9cm
	30cm
	64.3cm
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Figure 1 – Typical antennas and mounting space deployed on the roof-top and tower 

Figure 1 shows typical deployments of outdoor antennas on the rooftop or tower. As shown in the figure, the mounting space for antenna deployment is limited. Based on these examples and our experience as an eNB manufacturer, our observation is that the mounting space for antenna deployment in realistic wireless networks are typically limited (around 50cm). 

Having made the above observation, we are not denying that there could be some implementations where the antenna array form factor is larger than the examples shown above. Depending on the how the antenna array is implemented and the purpose of the antenna array, it is quite possible that larger form factors are possible and actually exist. The real issue is this: What is the ‘typical’ antenna array form factor in LTE network deployments? Even if antenna arrays with horizontal form factor with 2m are possible, it does not mean that bulk of the LTE networks have deployed such antenna arrays. Most of antenna arrays have modest form factors of roughly 50cm. Given this situation, the focus of RAN1’s evaluation work should be to evaluate the performance of EBF and FD-MIMO having ‘typical’ antenna array form factors (roughly 50cm or less). Certainly, companies can evaluate and submit evaluation results for ‘non-typical’ antenna array form factors as well but this should not be the main focus of RAN1 discussions.
· Work scope of EBF and FD-MIMO study item:

In the EBF and FD-MIMO SID [2], it is stated that the aim of the study item is to understand the performance benefit of specification enhancements targeting two-dimensional antenna array (including a single column of cross-poles). The motivation behind this objective is quite clear. Based on the MIMO enhancements since Release 8, current LTE/LTE-A specification is quite capable of handling MIMO in the horizontal direction. Likewise, the LTE systems that have been developed based on these LTE/LTE-A specifications are also adequately capable in the horizontal direction. Compared to this, the concept of supporting 2-dimensional antenna array for MIMO or BF transmissions is something new and something that can be exploited for untapped performance gain. Main focus of this study item, therefore, is to investigate the effect of adding of vertical antenna ports on top of multiple horizontal antenna ports (i.e. 2-dimensional antenna arrays).
Observation: Main focus of EBF and FD-MIMO SI is to investigate the effect of adding vertical antenna ports on top of multiple horizontal antenna ports (i.e. 2-dimensional antenna arrays).
·  Workload of EBF and FD-MIMO study item:

Based on the agreements in RAN1#78bis for phase 2 evaluations, the total number of evaluation cases just for homogeneous scenarios is 336 [3]. Based on our past experience for other study items, it is clear that 336 cases are quite excessive. One of the underlying purposes of this study item is to draw a conclusion based on evaluation results from multiple sources. In order for this to be met, it is important that the number of evaluation cases be kept at a manageable level. With this in mind, our position is that we prefer not to add additional evaluation cases if they are without sufficient operator support or only represent corner cases in actual system deployment.
Proposal: We prefer not to add additional evaluation cases if they are without sufficient operator support or only represent corner cases in actual system deployment.
3. Discussion and Conclusion

This contribution has examined the impact of expanding the size of antenna in horizontal domain beyond 4 for phase 2 evaluations as follows:
Observation: Main focus of EBF and FD-MIMO SI is to investigate the effect of adding vertical antenna ports on top of multiple horizontal antenna ports (i.e. 2-dimensional antenna arrays).
Regarding the number of antenna columns beyond 4, the following is proposed:
Proposal: We prefer not to add additional evaluation cases if they are without sufficient operator support or only represent corner cases in actual system deployment.
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