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1.
Introduction

In RAN4#68, the issue of antenna bar display (ABD) has been discussed. As ABD is currently an implementation issue, some operators concerns that different implementation may end up with different ABD under the same channel and interference conditions. To address this issue, a new metric, RS-SNR is proposed to be standardized in [1], even though there have been already some metrics, e.g. RSRP, RSRQ and/or CQ, used to indicate the reception quality.
In this paper, the ABD related issues are discussed. Meanwhile, RS-SNR is also investigated against the existing metrics from the aspects of robustness under various interference levels, cell load and CRS locations.
2. Antenna bar display
To the best of our knowledge, there is no formal and technical definition of antenna bar display. In some cases, it is claimed that the ABD is used to indicate the quality of the network coverage [1]. In other cases, it might be used to indicate the reception quality, which is unnecessarily correlated to the network coverage quality. Meanwhile, it is also arguable if the interference rejection capability of the receiver should be considered. For example, with the same channel and interference conditions, an advanced receiver can achieve a much better reception quality than others. In this case, it is not clear if it is should be reflected in the ABD. In general, the concerns from operators on the ABD issue are reasonable. However, some uncertainties on the ABD should be clarified before any related standardization effort. 
Observation 1: There is no formal definition of antenna bar display. 
Proposal 1: The antenna bar display related standardization efforts should not be considered until the definition of the antenna bar display is clarified.  

3. Metric used for antenna bar display

It has been known that several existing metrics, i.e. RSRP, RSRQ and CQI, are defined to indicate the reception quality from different aspects in different accuracy levels. In [1], it is proposed to introduce another metric, called RS-SNR for ABD. Simply speaking, RS-SNR is the SNR obtained based on CRS R0. It is obviously that the standardization effort to introduce a new metric is not trivial. As a result, it is essential to understand and justify the benefit.
It is claimed [1] that RSRQ is sensitive to the cell load and it might result in unstable ABD. In our study, we consider zero load, 50% load and full load subframes. It is noted that the 50% load subframe is defined as a subframe which has 50% chance of zero load and 50% chance of full load. Two cells environment is assumed. A same CID is assigned for both measured and interference cell. This implies CRS collides with CRS when the two cells are synchronized. To better understanding the case in various environments, asynchronous cells with one and three OFDM symbols offsets are also considered, respectively. For example, when the offset is one OFDM symbol, there is no CRS colliding with CRS. When three OFDM symbols offset is assumed, CRS of the measured cell are partially overlapped with the CRSs from interference cell.
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Figure 1: CDF comparison of RSRQ and RS-SNR
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Figure 2
As the way how RSRQ and RS-SNR are formulated is quite different, a term RS-SNR/(1+RS-SNR)/12 is also presented for the sake of comparison. However, the physical implication of this term is not very meaningful. It is shown that RS-SNR and RS-SNR/(1+RS-SNR)/12 are generally more sensitive to the time offset in our simulations than RSRQ. The variance of RSRQ when the load is dynamic is comparable to the one of RS-SNR and RS-SNR/(1+RS-SNR)/12. The variance of the metric can be quantified by the decibel spanned between 5%-95% in CDF.
Observation 2: RS-SNR is more sensitive to the time offset between the measurement and interference cells when they have same CID
Observation 3: The sensitivity of RSRQ against the interference cell load is about the same as RS-SNR/(1+RS-SNR)/12. 
When the measurement cell is 50% load and the interference cell is full load, the corresponding simulations are given in Fig. 3 and 4. Obviously, when the interference cell is fully loaded, the time offset does not matter as much as the previous cases. As a result, all metrics are not sensitive to the time offset. At low SNR where the system is noise dominated, the sensitivity of all the concerned metrics are about the same. When SNR is high, the dynamic range of observed RSRQ is only around 1dB wider than RS-SNR/(1+RS-SNR)/12, but about the same as RS-SNR. Practically, the metric should be processed by LPF before it applies to ABD. This essentially makes the difference between RSRQ and RS-SNR even more trivial, especially considering the resolution of ABD is fairly low.  
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Figure 3
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Figure 4
Observation 4: At both low and high SNR, the robustness of RSRQ is about the same as RS-SNR when the measurement cell load is dynamically changed.

Observation 5: At high SNR, the robustness of RS-SNR/(1+RS-SNR)/12 is slightly better than RSRQ, when the measurement cell load is dynamically changed.

Observation 6: In all studied cases, it is not very convinced that RS-SNR can provide extra value in addition to the existing metrics from the ABD point of view.

Proposal 2: By jointly considering the standardization efforts and the performance due to RS-SNR, it is not recommended to standardize this metric. 
4. Conclusions 

In this contribution, the antenna bar display related issues are discussed. The concerns on the existing reception quality metrics are addressed. Meanwhile, the so-called RS-SNR and RSRQ are compared in various scenarios. It is observed that 
Observation 1: There is no formal definition of antenna bar display. 

Observation 2: RS-SNR is more sensitive to the time offset between the measurement and interference cells when they have same CID

Observation 3: The sensitivity of RSRQ against the interference cell load is about the same as RS-SNR/(1+RS-SNR)/12. 

Observation 4: At both low and high SNR, the robustness of RSRQ is about the same as RS-SNR when the measurement cell load is dynamically changed.

Observation 5: At high SNR, the robustness of RS-SNR/(1+RS-SNR)/12 is slightly better than RSRQ, when the measurement cell load is dynamically changed.

Observation 6: In all studied cases, it is not very convinced that RS-SNR can provide extra value in addition to the existing metrics from the ABD point of view.

As a result, it is proposed

Proposal 1: The antenna bar display related standardization efforts should not be considered until the definition of the antenna bar display is clarified.  

Proposal 2: By jointly considering the standardization efforts and the performance due to RS-SNR, it is not recommended to standardize this metric. 
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