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1. Introduction
A new work item on multicarrier load distribution of UEs in LTE was approved in RAN#67 [1]. One of the objectives of the WID is to study the limitations of the current measurement quantities (RSRP/RSRQ). RAN2 discussed the use cases of RS-SINR measurement and observed that it is beneficial to introduce such measurement quantity to allow network to better predict the achievable user throughput.
In RAN2#89bis meeting, an LS on a new measurement quantity for multicarrier load distribution [2] was send to RAN4.
	RAN2 is studying Multicarrier Load Distribution in which one of the agreed requirements is “to maximize the user throughput and network capacity for UE in RRC_CONNECTED mode”. The use case foreseen to achieve this is to perform (load based) inter-frequency handover or RRC connection release with redirection. However, today’s specification only allows the network to use RSRP/RSRQ measurement and load information of neighbouring cells, such that it may be challenging for the network to predict the achievable user throughput in the target cell. This is due to the nature that RSRQ in the higher value region is limited to expect the achievable throughput as shown in [1]. In order to improve this situation, RAN2 discussed that in addition to RSRP/RSRQ, whether the UE may provide the RS-SINR measurement of the inter-frequency neighbour cells (and possibly of the serving cell) to allow network to better predict the achievable user throughput in the neighbour cells. 

Therefore, RAN2 would like to ask RAN4 to evaluate for the above use case, taking into account complexity and battery consumption 
· Whether it is feasible for the UE to perform inter-frequency SINR measurements
· Whether it is feasible for the UE to perform serving cell SINR measurements 
· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ) 


In this contribution, we discuss the limitations of RSRQ measurement and feasibility of introducing RS-SINR measurement.
2. Limitations of RSRQ
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. UE reporting RS-SINR can allow network to better predict the achievable user throughput in neighbor cells. And UE reporting RS-SINR can help to optimize the network deployment, to detect coverage problems (weak coverage, high interference, etc.) and assess network performance, e.g. throughput. 
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. In Rel-12, there is a feature of 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 (or narrowband) for the serving/neighboring 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. This is especially true when the SINR is high.
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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 data, 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>4dB. The curve fluctuates widely and the offset is even larger than 10dB at some point. 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 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>4dB. Hence, RSRQ is not good for handover and throughput estimation in relative high SINR.
Observation 1: RSRQ cannot be used to predict the achievable user throughput, especially in high SINR region.
Observation 2: RS-SINR is better than RSRQ for predicting the achievable user throughput.
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 better predict the achievable user throughput.
3. RS-SINR measurement 
RS-SINR measurement has already been implemented in many UEs. It seems that the complexity and power consumption is not a big issue for SINR measurement. For example, SINR can be derived by RSRP/(RSSI on CRS REs - RSRP), so UE can estimate SINR for inter-frequency measurement. The algorithms depend on UE implementation. 
Observation 3: It is feasible for UE to perform serving cell and inter-frequency SINR measurement.
In the LS, RAN2 mentioned that SINR measurement maybe performed over narrowband (e.g. if UE is not capable of WB RSRQ). For serving cell SINR measurement, UE is able to perform wideband SINR measurement since UE has to receive the entire channel bandwidth anyway. For neighbor cell SINR measurement, the potential problem is similar as RSRQ measurement. That is, the interference may be different among the entire channel bandwidth. So only measuring central 6PRB may cause some mismatch between reported SINR and real SINR. 
In 36.133, the accuracy requirements of RSRQ and WB RSRQ are the same. So we believe the narrowband measurement will not have much impact on the accuracy. If UE is not capable of WB RSRQ, the impact of narrowband measurement on RSRQ and SINR is the same. So compared to RSRQ, we don’t think the usability of SINR will be impacted due to the narrowband measurement.
Observation 4: SINR measurement over narrowband will not have much impact on the accuracy or usability.
4. Responses to RAN2

In LS [2], RAN2 asked RAN4 the following questions. Based on the discussion and observations in section 2~3, the responses are as follows. In [4], we provide the reply LS to RAN2.
· Whether it is feasible for the UE to perform inter-frequency SINR measurements
· Yes
· Whether it is feasible for the UE to perform serving cell SINR measurements 
· Yes
· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
· Yes, SINR is better than RSRQ for predicting the achievable user throughput.
· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ)
· No
5. Conclusion
In this contribution, we discuss the RAN2 LS on a new measurement quantity for multicarrier load distribution (SINR) and the observations are:
Observation 1: RSRQ cannot be used to predict the achievable user throughput, especially in high SINR region.
Observation 2: RS-SINR is better than RSRQ for predicting the achievable user throughput.

Observation 3: It is feasible for UE to perform serving cell and inter-frequency SINR measurement.

Observation 4: SINR measurement over narrowband will not have much impact on the accuracy or usability.

Based on the observations, we propose the following responses to RAN2, the reply LS is provided in [4].
· Whether it is feasible for the UE to perform inter-frequency SINR measurements
· Yes
· Whether it is feasible for the UE to perform serving cell SINR measurements 
· Yes
· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
· Yes, SINR is better than RSRQ for predicting the achievable user throughput.
· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ)
· No
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