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1. Introduction
Mobile phones display the quality of the network coverage (and whether they are in coverage or not) through the antenna bar display. To set the number of bars different receive signal quality metrics can be used. Most smartphones use a combination of RSRP and reference signal SINR (RS-SINR). One concern with this metric is that the SINR measured on the CRS tones is not specified in the 3GPP specifications. Hence, different implementations could show different number of bars in the same conditions, which is undesirable from an operator perspective. Also, due to the lack of accuracy requirements, testing cannot be performed in a straightforward way.
In this paper we discuss the need to standardize RS-SINR and make a few proposals about how to progress the work.
2. Discussion
2.1. RS SINR
A combination of RSRP and reference signal SINR(RS-SINR) is used for the antenna bar display in the Android ecosystem. The RS-SINR is defined as the signal to noise ratio observed on the CRS tones. A definition based on the RSRP definition in [1] is shown in the Annex.
One concern with the RS-SINR metric is that it is not a standardized metric specified in the 3GPP specifications. Hence, there are no measurement accuracy requirements and there is no way to test the accuracy. The problem that arises is that the performance of different devices (implementations) could be inconsistent and there could be differences in the displayed receive quality (number of antenna bars) under the same conditions. This would lead to an inconsistent user experience across different devices, undesirable especially from an operator point of view. This problem could be solved if the RS-SINR accuracy could be tested. 
Considering the above, we propose to define the RS-SINR metric in the 3GPP specifications (36.214) and also define measurement accuracy requirements and a performance test.

This issue was also brought up in RAN4 in the last few meetings [2], [3], [4], however, some concerns regarding the scope of this work and whether this should be handled within 3GPP were raised. We believe that even if this is only related to the user experience and not directly related to RAN operation, it is an important issue and it would be very beneficial for the entire ecosystem to address it.  
Proposal 1: Introduce RS-SINR in the 3GPP specifications and define measurement accuracy requirements and a performance test.
It should be noted that this proposal is not aimed at standardizing the algorithm used for the antenna bar display or mandating the use of RS-SINR (or any other metric) for this purpose. Furthermore, this would be an optional feature and UEs will not be mandated to support it. 

2.2. Standardization work

In order to put the proposal in Section 2.1 in practice some work involving different working groups has to be done. We believe the work can be done under TEI and no new WI is needed since the amount of work in each working group is minimal. It should be noted that the purpose of this work is to be able to test the accuracy of the RS-SINR measurement on the serving cell. The process can be summarized as follows:
· Introduce the RS-SINR definition in 36.214 (RAN1)
· This could be based on an LS from RAN4, the definition in the Annex can be used.
· Introduce some sort of signaling such that the measurement can be reported for testing purposes (RAN2/RAN5)
· Either RAN2 or RAN5 signaling can be used.
· Define RS-SINR measurement accuracy requirements in 36.133 (RAN4)

· A simulation campaign is needed to define the RS-SINR measurement accuracy requirements. 
· Define RS-SINR measurement accuracy test for the serving cell in Annex A of 36.133 (RAN4)

· After the accuracy requirements are defined the definition of the performance test would be straight forward considering the other performance tests defined for RSRP and RSRQ

Proposal 2: Perform the work under TEI12 as the scope of the work is limited and straightforward.
3. Conclusion
In this paper we propose to define the reference signal SINR (RS-SINR) in the 3GPP specifications. This metric is currently used for the antenna bar display in most smartphones and defining accuracy requirements and tests for it would ensure consistent performance across all the devices and testing simplicity
Proposal 1: Introduce RS-SINR in the 3GPP specifications and define measurement accuracy requirements and a performance test.

The work needed across multiple working groups was also summarized in Section 2.2. It should be noted that the purpose of this work is to be able to test the accuracy of the RS-SINR measurement. Our proposal is to perform the needed work under TEI12 as the amount of work is minimal.
Proposal 2: Perform the work under TEI12 as the scope of the work is limited and straightforward.
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Annex 

RS-SINR Definition:

· RS-SINR is defined as the linear average over the power contribution (in W) of the resource elements carrying CRS divided by the sum of the noise and interference power contribution (in W) of the resource elements carrying CRS within the considered measurement frequency bandwidth. For RS_SINR determination, the cell-specific reference signals R0 according TS 36.211 shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RS-SINR. The reference point for the RS-SINR shall be the antenna connector of the UE. If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RS-SINR of any of the individual diversity branches
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