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1 Introduction
RAN2 has discussed a possible new UE measurement, RS-SINR and sent a liaison statement to RAN4 in [1]. Essentially, there are 4 main questions which were asked by RAN2
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 addition, if such a measurement is to be standardised, some RAN4 internal activities would be needed, and we also discuss these further in the contribution.
2 Discussion

2.1 Measurement definition and characteristics
We begin by discussing the definition of RS-SINR. So that companies have a common understanding of the metric both for evaluation purposes, and also ultimately if 3GPP specifies requirements for RS-SINR, we think it is critical that the measurement definition is discussed in RAN4 and if RS-SINR is specified for release 13, such definition is included in 36.214. We begin from a simulation perspective and consider how RS SINR may be assumed to be estimated in simulations to ensure good alignment between companies. Then we consider a draft definition for 36.214
A simple approach to estimating RS-SINR in the UE is to estimate
RS SINRest=RSRP/(RSRERP-RSRP)
SINRest=RSRP/(RSRERP-RSRP) where RSRERP corresponds to the part of  RSSI, measured on resource elements in the time and frequency domain where cell specific reference symbols are transmitted on the target cell and RSRP is the RSRP of the target cell
In this definition, the wanted signal power (RSRP) is subtracted from RSRERP to form an estimate of interference and noise in the denominator.
In principle the definition could be applied to either CRS or CSI-RS; for the simulations we have concentrated on CRS based measurements but RAN4 should discuss if CSI-RS SINR falls within the scope of the work within the context of DRS measurements.

One important difference between RS-SINR and RSRQ is that target cell’s own power (RSRP in this case) is excluded from the denominator of the equation. This means that in some cases RS-SINR may be a better indicator than RSRQ for target signal quality as the measurement does not vary according to the loading of the target cell. In other cases, RS-SINR may not fully indicate the interference experienced by all  data REs, eg with non colliding CRS and low interferer load. We propose that this is investigated at link and system level. In companion contributions, we provide initial link level simulations [2] and assumptions for system level evaluations [3]. 
In simulations we have focussed on 2RX; in principle since the measurement is based on already standardised RSRP and RSERP a similar technique would be applicable for 1RX UEs and naturally relevant requirements should also be developed for 4RX UEs in future, although we assume these would reuse 2RX requirements. For discussion on1RX, it should be noted that release 12 1RX MTC requirements did not specify interfrequency requierments.
For TX antenna configuration, it is possible that the eNB provides port specific reference symbols, and also that interference conditions differ between different antenna ports. Hence, we propose that CRS-SINR measurement is performed on antenna port R0. A possible definition for further discussion is 
	Definition
	Cell specific Reference Signal Signal to Noise and interferer Ratio (CRS-SINR) is defined as the ratio RSRP/(CRSRERP-RSRP) The measurements in RSRP and CRSERP shall be made over the same resource elements.

RSERP is the average resource element power received at the antenna connector in time and frequency domain where cell specific reference symbols are transmitted on the target cell and RSRP is the RSRP of the target cell

RSRP and CRSERP are measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes.

The reference point for the CRS-SINR shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the value of RSRP shall not be lower than the corresponding RSRP of any of the individual diversity branches and CRSRERP shall be measured on the same antenna branch as RSRP.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Partly based on the observations from link level simulations, we discuss further the characteristics of CRS-SINR measurement.

Accuracy at low SNR

It is well known that at low SNR, RSRP becomes positively biased, in other words the UE estimates greater RSRP than the actual RSRP. In low speed and non time dispersive conditions, increased coherent averaging in either time or frequency domain would reduce the bias, but to ensure robust measurement in different channel conditions, coherent averaging possibilities are necessarily limited. When considering RS-SINR, the effect of positive bias is to increase the numerator of the equation and reduce the denominator of the equation, meaning that the UE tends to estimate a better RS SINR than the true situation. Nevertheless, the positive bias can be expected from most or all UE implementations, so if the goal of RS SINR is to detect very low SNR target cells, then to some extent event threshold tuning can compensate for positive bias. 
SINR for data resource elements

It is important to recognise that the definition of RS-SINR estimates the SINR of measured cell CRS symbols. How well this relates to the SINR of other symbols (eg used for PDCCH or PDSCH transmission) depends on scenario and the exactly how the scheduler operates.

For example, in a colliding CRS synchronous scenario, the SINR on reference symbols could be significantly worse than the SINR on other symbols, or in a non colliding CRS synchronous scenario the UE could see a significantly better SINR than that which would be experienced on other symbols. These differences will be most marked when the neighbouring cells are operating with low load.
For asynchronous deployments, due to timing drift between the measured and interfering cell, the RS-SINR may vary slowly depending on whether the CRS timings overlap or not. Similarly, PBCH transmission from a neighbour cell may impact the measured RS-SINR.

For this reason, our view is that RS-SINR should be regarded as a complimentary measurement to RSRQ rather than an alternative. Since RSRQ is already specified and supported by UE implementations it is clearly not expected that this functionality would be removed if RS-SINR is introduced, but it should be kept in mind in 3GPP evaluations that RS-SINR and RSRQ are not competing approaches to measure target cell quality, and if the combination of the measurement quantities gives more information about quality than RSRQ alone, then this is already a strong motivation to introduce RS-SINR, even if it cannot detect all radio quality problems.

Impact of advanced reciver

In principle, if a UE is able to mitigate interference, it could be considered to reduce the estimated RSRERP. However, the UE will not typically be aware of the mitigation efficiency.  An over-optimistic estimate of SINR could also be problematic and lead to dropped calls if the effective SINR experienced by the receiver is not as good as the estimate for RRM purposes. This can be captured by defining CRS-SINR as a measurement at the antenna port of the UE, such that the nominal metric depends in principle on the received signal rather than the implementation used to measure it. This would also be important from a testing perspective. 
Based on these considerations, we propose
Proposal 1 : RS-SINR is simulated as RS SINRest=RSRP/(RSRERP-RSRP) where RSRERP corresponds to RSSI, measured on symbols in the time and frequency domain where reference symbols are transmitted on the target cell and RSRP is the RSRP of the target cell
Proposal 2 : RAN4 should discuss whether CSI-RS within the context of DRS measurements falls within the scope of the work

Proposal 3 : RAN4 should discuss whether 1RX UEs fall within the scope of the work.
Proposal 4 : RSRERP is not compensated for different UE receiver types

Proposal 5 : RSRQ and RS-SINR should be regarded as complimentary measurements. RS-SINR is not affected by measured cell load, but may not always capture relevant interference.

For now we think that it is important that RAN4 agrees on a common definition of CRS-SINR for simulation purposes, so that the evaluations of the metric are well aligned between companies, and if it is decided to introduce CRS-SINR that implementations use a consistent definition.

2.2  Discussion on the liaison statement [1]
Further discussion and evaluation of the liaison statement is needed in RAN4, but we offer the following preliminary views on the questions asked:

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

This question seems to be primarily related to complexity and battery consumption. Since UEs are already able to measure RSRP and RSRQ, the main question is the incremental complexity of measuring RSRERP compared with RSSI. Using the old RSRQ definition, RSSI is already possible to be measured only at the times when target cell CRS transmission is taking place. It is also possible to configure an allowed measurement bandwidth which is lower than the system bandwidth, so the UE cannot measure RSSI by measuring I2 + Q2 on the time domain received signal with the full system bandwidth. Time domain measurement of RSSI are possible if the UE implements a baseband receive filter specifically for measurement purposes (ie with a bandwidth configured to AllowedMeasurementBW) but since FFT processing is needed for RSRP estimation anyway, we assume that a typical UE implementation could estimate CRSRERP I by accumulating power of FFT bins in the frequency domain according to AllowedMeasurementBW.
In this case the incremental complexity of estimating CRSRERP at the same time as RSRP and RSSI seems relatively minor, since the RSRERP estimate is formed simply by omitting FFT bins from the power accumulation when they do not correspond to target cell reference symbols.

From this perspective, we believe it is feasible for the UE to perform interfrequency CRS-SINR measurement and it also seems important for the usability of the meaurement to be able to verify the CRS-SINR of a target cell as well as measure the CRS-SINR of the current cell, so that ping pong scenarios are avoided.
Proposal 6 : From a power consumption and complexity point of view, interfrequency RS-SINR measurement according to the definition in proposal 1 is feasible.

· Whether it is feasible for the UE to perform serving cell SINR measurements 

Since the UE already perfoms CQI estimation on the serving cell in RRC connected state, and needs to perform noise estimation for serving cell reception, it appears feasible to perform serving cell SINR measurements with minimal additional complexity 
Proposal 7 : From a power consumption and complexity point of view, interfrequency RS-SINR measurement according to the definition in proposal 1 is feasible.

· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
This question concerns the accuracy and usefulness of SINR measurements and needs further discussion and simulation in RAN4. Based on link level results our preliminary view is that SINR is likely to be useful, however this is scenario dependent and it should not be considered as a replacement for RSRQ as a quality metric, but rather as complimentary information. Regarding the achievable user throughput, this depends on many factors in addition to downlink radio signal quality and conditions, but a metric which reliably indicates DL quality would be beneficial in this regard.

Proposal 8 : Further link level and system evaluations are performed to assess the accuracy and usefulness of SINR measurements.
· 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) 

Considering that RS-SINR is proposed as a new release 13 measurement, our preference is that all UE which support RS-SINR measurement should be capable of wideband measurement. The usability of 6RB RS-SINR is scenario dependent, but we anticipate that similarly to WB-RSRQ, there are scenarios in which it is beneficial to measure interference beyond the central 6RB. Since it would be undesirable to have two different RS-SINR implementation types (UE supporting NB RS-SINR measurement and UE supporting NB & WB RS-SINR measurement) in release 13 timescale we propose
Proposal 9 : In the event that RS-SINR measurements are specified in rel-13, all UE which support RS-SINR are capable of being configured with wideband RS-SINR measurement

Whether or not RS-SINR itself would be a mandatory release 13 feature is a separate discussion which we anticipate would take place at the end of release 13 specification work, if RS-SINR is specified.
3 Conclusions

In this contribution we discuss RS-SINR measurement related to the liaison statement from RAN2 on multicarrier load balancing. Based on the discussion, we propose:
Proposal 1 : RS-SINR is simulated as RS SINRest=RSRP/(RSRERP-RSRP) where RSRERP corresponds to RSSI, measured on symbols in the time and frequency domain where reference symbols are transmitted on the target cell and RSRP is the RSRP of the target cell
Proposal 2 : RAN4 should discuss whether CSI-RS within the context of DRS measurements falls within the scope of the work

Proposal 3 : RAN4 should discuss whether 1RX UEs fall within the scope of the work.
Proposal 4 : RSRERP is not compensated for different UE receiver types

Proposal 5 : RSRQ and RS-SINR should be regarded as complimentary measurements. RS-SINR is not affected by measured cell load, but may not always capture relevant interference.

Proposal 6 : From a power consumption and complexity point of view, interfrequency RS-SINR measurement according to the definition in proposal 1 is feasible.

Proposal 7 : From a power consumption and complexity point of view, serving cell RS-SINR measurement according to the definition in proposal 1 is feasible.

Proposal 8 : Further link level and system evaluations are performed to assess the accuracy and usefulness of SINR measurements.

Proposal 9 : In the event that RS-SINR measurements are specified in rel-13, all UE which support RS-SINR are capable of being configured with wideband RS-SINR measurement
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