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1. Introduction
A new work item on multicarrier load distribution of UEs in LTE was approved in RAN#67 meeting [1]. One of the objectives of the WI is to study the limitations of the current measurement quantities (RSRP/RSRQ) and provide corresponding solutions.
It is observed that current RSRQ based measurements as HO and reselection metric may not be a good representation of the achievable throughput. One potential solution is to introduce other measurements such as RS-SINR for load balancing to achieve optimal per-user throughput [1][3].
In this contribution, we analyze the characteristics of RSRQ and RS-SINR, and then discuss the use case of RS-SINR measurement.
2. RSRQ vs. RS-SINR
RS-SINR measurement is a very useful and important feature for operators. The main reason why operators like RS-SINR instead of RSRQ is that RS-SINR has a good corresponding relation with throughput. Network can estimate throughput based on RS-SINR to do some optimization. However, there are also come concerns about RS-SINR measurement. In this section, we discuss the drawbacks and advantages of RSRQ and RS-SINR.
The formulas of RSRQ and RS-SINR are provided as follows:
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RSRP is the averaged power of the REs that carry CRS. RSSI is the averaged power observed only in OFDM symbols containing CRS [2]. In Rel-12, there is an optional feature called RSRQ on all symbols, which RSSI is measured on all OFDM symbols in the indicated subframes, not only the symbols containing CRS.
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ECRS, ICRS and NCRS are the averaged power of the CRS in the entire system bandwidth for the serving cell, interfering cell and thermal noise respectively.
The main drawback of RSRQ is that RSRQ is relevant to the serving cell load, since RSSI comprises both data and CRS from serving cell and interfering cell. So the fluctuation of serving cell load may greatly impact the RSRQ value. Network cannot estimate the accurate throughput based on reported RSRQ.

Also, RSRQ has limited range. In [3], it is observed that RSRQ is the same when SINR>10dB and cannot be used for mobility in high SINR region. 
Compared to RS-SINR, RSRQ is simpler in calculation and that is the main reason why RSRQ is specified as a measurement quantity from Rel-8 other than RS-SINR. However, RS-SINR measurement has already been implemented in many UEs for RLM and antenna bar display in Android platform [3]. So the complexity seems not to be a problem for UE implementation. The only problem may be some additional power consumption due to RS-SINR measurement, since it requires similar measurement samples/period as RSRP/RSRQ in order to support mobility.
One potential drawback of RS-SINR is that RS-SINR cannot take into account the noise and the interference observed other than CRS. When interfering cell has very low load and colliding CRS with serving cell, RS-SINR is underestimated. For example, in FeICIC scenario, interfering cell is configured as ABS with colliding CRS. 

In Table I, we summarize the drawbacks and advantages of RSRQ and RS-SINR. 
Table I. Comparison of RSRQ and RS-SINR
	Measurement Quantity
	Drawbacks
	Advantages

	RSRQ
	1) Limitation on the dynamic range in high SINR region
2) Depends on serving cell load and inaccurate for throughput estimation
	Low complexity

	RS-SINR
	Only CRS is measured, may cause some mismatch when interfering cell has very low load with colliding CRS.
	1) Not related to serving cell load

2) Can be used to estimate the throughput of target cell


3. Use case of RS-SINR

As we discussed in section 2, both RSRQ and RS-SINR have their own advantages and drawbacks. In this section, we discuss the use cases of RS-SINR.
· MDT
In [4], we discussed the necessity of SINR measurement for MDT and proposed to introduce SINR. The main purpose of MDT is to optimize the network deployment, to detect coverage problems (weak coverage, high interference, etc.) and assess network performance, e.g. throughput. RSRQ is not appropriate for network deployment and optimization since it depends on the serving cell load. This is especially true when the SINR is high, RSRQ will be very inaccurate, and cannot be used to evaluate the observed throughput, which makes it impossible for operator to finely optimize their network. Hence, it is beneficial to introduce RS-SINR measurement for MDT.
Observation 1: It is beneficial to introduce RS-SINR measurement for MDT.
· Load balancing enhancement (RRM)
RSRQ is specified from Release 8 and is typically used as a measurement quantity for inter-frequency handover. Some company argued that RS-SINR had already been evaluated in Rel-8 and the conclusion was not to introduce such measurement quantity for RRM. However, in Rel-13 stage, multiple new deployment scenarios are introduced, such as HetNet and small cell. Such conclusion may not be appropriate for Rel-13 any longer.
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Figure 1: Reported RSRQ based on field test
Figure 1 shows the field data of UE reported RSRQ and RS-SINR when -110dBm<=RSRP<=-100dBm. The figure consists of over 10000 drive test samples, and one SINR corresponds to multiple reported RSRQ values. The reason why we choose such RSRP region is that the cell edge RSRP is about -100dBm in our network deployment. And normally, the handover will happen at the cell edge. 
From Figure 1, we can see that the overall trend of RSRQ curve increases with the increased SINR in low SINR region and remains almost the same when SINR>6dB. The curve fluctuates widely and the offset is even larger than 10dB at some points. The possible reasons are:
· UE RSRQ measurement accuracy is +/-2.5dB as specified in 36.133. So in theory, the reported RSRQ values can have 5dB difference.
· As we discussed, RSRQ depends on serving cell load, especially when SINR is high. Since the data is based on filed test, the average cell load is about 50%, but the real-time cell load may vary widely.
As shown in Figure 1, the trend of RSRQ is almost the same with increased SINR when SINR>6dB. Hence, RSRQ is not good for handover in relative high SINR.
Figure 2 shows that throughput has a clear relation with SINR. Since RSRQ is not increased with increased SINR when SINR>6dB (see Figure 1), RSRQ is not good for throughput estimation.
If RS-SINR measurement is introduced in Rel-13, UE can report RSRQ together with RS-SINR from Rel-13 onwards. Network can benefit from both measurement quantities and achieve better RRM. 
Observation 2: It is beneficial to introduce RS-SINR measurement for mobility.

According to the two observations, we propose that new measurement quantity SINR should be introduced for the purpose of better estimation of user throughput and RAN1/4 should be informed to start their work accordingly.
Proposal: New measurement quantity RS-SINR should be introduced for the purpose of better estimation of user throughput and RAN1/4 should be kindly informed to start their work accordingly.
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Figure 2: TM2 throughput
4. Conclusion
In this contribution we discuss the advantages and drawbacks of RSRQ and RS-SINR, and discuss the use cases for RS-SINR. The observations and proposal are as follows:
Observation 1: It is beneficial to introduce RS-SINR measurement for MDT.

Observation 2: It is beneficial to introduce RS-SINR measurement for mobility.
Proposal: New measurement quantity RS-SINR should be introduced for the purpose of better estimation of user throughput and RAN1/4 should be kindly informed to start their work accordingly.
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