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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. One of the metrics widely used in the smartphone ecosystem for LTE is a combination of RSRP and reference signal SNR (RS-SINR). One major drawback of this metric is that it is not specified in the 3GPP specifications. Hence, different implementations could show different number of bars in the same conditions. We briefly introduced this problem and the need to standardize RS-SINR in [2].
In this paper we further discuss this issue and bring more details to our proposal.
2. Discussion
RS SINR
A combination of RSRP and reference signal SNR(RS-SINR) is used for the antenna bar display in a widely used smartphone ecosystem. The RS-SINR is defined as the signal to noise ratio observed on the CRS tones. In [2] we proposed a possible definition that we also reproduce below for convenience. The definition is based on the RSRP definition in [1].
RS-SINR is defined as the linear average over the power contribution (in W) of the resource element carrying CRS divided by the sum of the noise and interference power contribution (in W) of the same resource element 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-SNR.
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-SNR of any of the individual diversity branches
In [2] we proposed to introduce the above metric in the specifications for the purpose of accuracy testing such that there would be a way to ensure consistent performance/antenna display among different devices. We would like to further point out that this measurement would be an optional feature so only UEs supporting it would be tested. Furthermore, the current proposal is limited to the RS-SINR of the serving cell, however, if other use cases are identified(e.g. eMDT) extending the measurement to neighbour cells could be considered. Considering these we reiterate our proposal to introduce RS-SINR in the 3GPP specifications (36.214).

Proposal 1: Introduce RS-SINR in the 3GPP specifications and define measurement accuracy requirements and a performance test.
It should be noted that we are not proposing to define the mapping between the measured RS-SINR and the actual antenna bar display. The way RS-SINR is used in devices will be left entirely to implementation. 

In RAN4#68 there were several questions regarding how to define the accuracy requirements and the measurement period. Considering the RS-SINR measurement is not critical for mobility we believe the measurement period can be relatively long. In order for the RS-SINR measurement to have a minimum impact on the power consumption, the UE should be allowed to make the measurement when it wakes up to check the paging channel. Hence, the proposed measurement period is as shown below:
RS-SINR measurement period = max(1s, DRX cycle length).

The actual accuracy requirement needs a more detail study and a simulation evaluation. We propose to define the accuracy requirements in AWGN just like the other accuracy requirements currently defined. In the annex we show some preliminary simulation results in AWGN for different SNR values and bandwidths. The results are for 1 subframe measurements without any filtering. This scenario is applicable to an idle mode UE that takes measurement samples when it wakes up to check the paging channel. We believe this is the worst case in terms of measurement accuracy. From these results our preliminary proposal is to define a +-6dB accuracy requirement for the -6dB SNR. The accuracy is expected to be much better for higher SNRs and channel bandwidths.
Standardization work

In [2] we have already shown a possible work plan for Proposal 1. We reiterate the proposed work plan here.The process can be summarized as follows:
· Send an LS to RAN1 to ask RAN1 to introduce the RS-SNR definition in 36.214

· A preliminary proposal for the definition is provided in Section 2.1

· Send an LS to RAN2 to ask RAN2 to define the signaling needed to report the RS-SNR measurements

· RS-SNR reporting is needed in order to perform the RS-SNR measurement performance test, as such, RAN2 has to define RRC signaling for RS-SNR reporting. The signaling would be defined from Rel.12, however, we believe that it would be useful to define the signaling in a release independent manner such that UEs supporting this measurement in previous releases. It should be noted that for the purpose of defining a test only periodic reporting is needed, hence, the addition is rather simple.
· Define RS-SNR measurement accuracy requirements in 36.133 (RAN4)

· A simulation campaign is needed to define the RS-SNR measurement accuracy requirements. The simulation assumptions have to be agreed in RAN4. If the proposal is accepted Qualcomm can provide the simulation assumptions
· Define RS-SNR measurement accuracy test 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 rather limited and straightforward.
3. Conclusion
In this paper we propose to define the reference signals SINR (RS-SINR) in the 3GPP specifications. This metric is currently used for the antenna bar display in a major smartphone ecosystem and defining accuracy requirements and tests for it would ensure a consistent performance across all the devices.
Proposal 1: Introduce RS-SNR 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-SNR measurement. Our proposal is to perform the needed work under TEI12 as the scope is rather limited.
Proposal 2: Perform the work under TEI12 as the scope of the work is rather limited and straightforward.
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Figure 1. RS-SINR measurement accuracy for 1.4MHz with -6db SNR
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Figure 2. RS-SINR measurement accuracy for 1.4MHz with -2db SNR
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Figure 3. RS-SINR measurement accuracy for 10MHz with -6db SNR

Simulation assumptions are listed below:

Table 1: Simulation parameters for RS-SINR measurement 

	Parameters
	Value

	Measurement bandwidth
	6 RBs, 50RBs

	L1 measurement
	1 subframe as baseline

	L1 Filtering
	no filtering

	Transmit antenna
	1

	Receive antennas
	2

	Channel model
	AWGN
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