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1 Introduction
RAN plenary RAN#67 approved the WI Multicarrier Load Distribution of UEs in LTE in [1]. The objectives of the WI are to study the shortcomings of the existing load balancing methods and feasibility of new measurement quantities that would overcome the shortcomings. The initial discussions on the subject in RAN2 [3] resulted in the LS [4] to RAN4 requesting further elaboration of SINR feasibility and usefulness as a measurement.

In this paper, we discuss SINR feasibility and usefulness as a measurement for load balancing. We refer to some of the use cases earlier discussed in RAN4, where RAN4 has been discussing the reliability of SINR.   
2 Discussion
First we will discuss the background behind the LS and the summary of questions, followed by a discussion on introduction of a new measurement quantity. We also refer to some Rel-8 RAN4 papers discussing the different measurement metrics [6, 7]. RAN4 has also discussed different metrics of RSRQ measurements – both wider bandwidth RSRQ measurement and RSRQ measured in all symbols of the sub-frame in order to have RSRQ metrics which reflects the load more accurately. In addition, these aspects are taken into the discussion.
RAN2 is now asking RAN4 how to perform SINR measurements and evaluate feasibility of performing such measurements.

2.1
Intentional scope and use case

The intention of the new measurement metric is to introduce a new measurement that can help in providing better distribution of UEs amongst multiple LTE carriers. The new metric should help to overcome limitations and gaps recognized with the current RSRP and RSRQ metrics, mechanisms and algorithms utilized for load distribution. 
SINR goal would be to help “to maximize the user throughput and network capacity for UE in RRC_CONNECTED mode” [4]. The use case foreseen where such a new measurement would be used is load based inter-frequency handover or RRC connection release with redirection. 
Currently 36.214 defines RSRP and RSRQ measurements including definitions for a number of different RSSI measurements although the RSSI measurements are not reported directly to network. During the discussions in RAN2 it has been stated that it is challenging for the network to predict the achievable user throughput in the target cell based in these existing measurement metrics. As a result RAN2 is now discussing if SINR measurement metric could improve network estimate of the achievable user throughput in cells on different inter-frequency layers. 
RAN4 has been asked to evaluate the feasibility and how to perform inter-frequency SINR measurement of the neighbour cells (and possibly of the serving cell) for the purpose of allowing the network to better predict the achievable user throughput, taking into account complexity and battery consumption and analyze:
· 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)

2.2
New measurement definition

Following we look at the open aspects related to providing a RAN4 answer to the RAN2 LS.
To analyze how SINR can be used for throughput estimation, it would be necessary, as a first step, to have a clear definition of such measurement metric under evaluation. There is currently no definition of SINR as a measurement quantity in E-UTRAN, which means that the first task would be to agree on a metric.

Observation 1: There is currently no agreed SINR definition available.

One example could be seen in [5], where the following formula for RS-SINR has been proposed:
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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 respectivehly.
However, according to the established assumptions, the primary need would be to measure inter-frequency neighbours and make a prediction of the throughput that a UE could achieve there after a HO. Thus, it seems that the definition (1) might not be generally applicable.  

Above proposed definition would need some further discussions and possibly some modifications in order to be generally applicable. E.g. it would need to be defined which RB’s/RE’s are used for measurements as defined also in the current RSRP and RSRQ definitions. 
Having a clear definition would help to achieve comparable results leading to consistent and reliable assessment. 

Observation 2: A clear definition of “SINR” would be necessary in evaluating how the metric can be utilized in inter-frequency load balancing.

The current RSRQ measurement definition in 36.214 includes RSSI definitions related to measurement restrictions signalled by upper layers, using all symbols in the subframe and whether WB measurement shall be applied. Similar considerations need to be discussed and evaluated when discussing definition of SINR.
As with the existing RSSI measurement options, RAN4 would need to discuss similar questions concerning measurement restrictions signalled and how these would be treated. Additionally RAN4 would also need to discuss whether the RSSI part of the SINR metric would be measured using wideband or not, using all symbols in the sub-frame or not, as well as whether the UE only measures on certain restricted REs – e.g. CRS REs – or not.
Observation 3: RAN4 needs to discuss the RSSI measurement details when defining the SINR.
A clear definition of how and where the measurement is performed by the UE would be necessary in order for RAN4 to develop the necessary measurement requirements and test cases.

Observation 4: A clear definition of the SINR is needed in order for RAN4 to develop the necessary measurement requirements.

Evaluation of how useful a given SINR definition is in terms of predicting the possible achievable user throughput on different layers would need to include system level simulations including multiple layers. Especially we note that the RSSI depends on the instant load, and scheduling, and the impact from the measurement bandwidth needs to be considered.
Observation 5: System simulations to evaluate the SINR against how well is can predict the achievable user throughput in the neighbour cells.

When considering the SINR definition depicted in (1) as an example it can be easily observed that in similar conditions different receivers can obtain different (post-detection) SINR. As a simple example considering interference cancelling (IC) capable and non-IC capable device in same radio conditions can lead to different value of ICRS. Or even more simply considering 4RX vs 2RX resulting different value for ECRS.  Thus it is easy to understand that observed/measured SINR can be very different in same radio conditions and thereby leading to large difference in estimated throughput performance. 
Additionally, in case of colliding CRS (synchronised network) RAN4 would need to discusss if (1) would correctly reflect what is expected from the new measurement quantity.
Observation 6: RAN4 needs to discuss how to address different receivers and estimating the user TP in neighour cells using a new SINR measurement.
2.3
SINR reliability for load balancing

Earlier Rel-8 RAN4 contributions [6] and [7] include results from earlier studies on the properties of different UE measurement quantities for mobility and handover decisions purposes. Since the WI implies the need to identify measurement quantities or their limitations for load distribution, it may be helpful to look at the earlier analysis done in RAN4. 

The simulations performed at that occasion and related conclusions (on what measurement quantities should be selected for network RRM algorithms and estimation methods triggering of inter-frequency load balancing handovers) had clearly taken into account load conditions. The simulations were performed for RSRP, RSSI, and RS SNIR vs. cell load and the same measurement quantities were analyzed vs. load and distance from the serving cell. Results indicated that RS SNIR alone is not reliable measurement quantity for triggering load based handovers. It also turned out that RS SNIR would not be well suited for triggering coverage based handovers, as at the cell edge RS SINR was varying as much as in presumably better network condition (see Figure 9 in [6]).

Large differences were observed in [7] in the number of handovers triggered by RS SINR than with other two simulated measurement quantities and significant variation in the number of handovers as function of loading and no real performance gain was presented.  

The current WI aims at defining a good and reliable metric for load balancing, while SINR usage purely in context of avoiding unnecessary HO or redirections have been already considered as not a reliable nor candidate indicator.  Hence, the SINR should be utilized together with other metrics. 

Whether SINR could be used for throughput estimation, and how it could be used, should be further studied.  Generally SINR for a user is the ratio of the received strength divided by the corresponding noise and interferences. It is clear that the interferences from other cells on same layer (which depend on the location of surrounding base stations) will typically be largest at cell edge. Naturally the actually realized UE (end-user) throughput depends on other factors like the cell loading. Hence, some knowledge of the cell load could lead to a better estimate of the expected throughput

Observation 7: Cell load, its variations and UE position in cell may affect the reliability of UE throughput estimation.

3 Addressing the LS questions 

RAN4 has received an LS from RAN2 and should provide an answer to RAN2. Looking at the question 1-by-1 it seems very difficult to provide any clear answers:
· Whether it is feasible for the UE to perform inter-frequency SINR measurements

In order to answer and conclude this question it is necessary to have a common understanding in RAN4 concerning measurement metric and the definition and what are the UE implications.
· Whether it is feasible for the UE to perform serving cell SINR measurements 

In similar manner as for inter-frequency measurements there is a need to first have a common agreement on the measurement metric details. 
· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells
Before this question can be concluded, RAN4 would need to agree on a measurement metric definition and evaluate how the user throughput can be predicted based on the metric. 
· 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)

A natural part of the RAN4 investigation would be to include evaluation of both narrow band and WB measurement options.
4 Conclusions 
In this paper, we have discussed SINR feasibility and usefulness as a measurement for load balancing based on the incoming LS from RAN2 [4]. Based on the discussion we observe:
Observation 1: There is currently no agreed SINR definition available.
Observation 2: A clear definition of “SINR” would be necessary in evaluating how the metric can be utilized in inter-frequency load balancing.
Observation 3: RAN4 needs to discuss the RSSI measurement details when defining the SINR.
Observation 4: A clear definition of the SINR is needed in order for RAN4 to develop the necessary measurement requirements.
Observation 5: System simulations to evaluate the SINR against how well is can predict the achievable user throughput in the neighbour cells.
Observation 6: RAN4 needs to discuss how to address different receivers and estimating the user TP in neighour cells using a new SINR measurement.
Observation 7: Cell load, its variations and UE position in cell may affect the reliability of UE throughput estimation.
Based on the observation it is clear that in order to provide RAN2 with answers there are a number of open questions that first needs to be discussed and agreed in RAN4. Most important is of course first to agree on a common definition of SINR that is somehow feasible for the UE to measure. Secondly RAN4 needs to agree on measurement conditions such narrow band or wideband measurements etc. Then it needs to be evaluated whether the measurements can be performed accurately enough to be useful to predict the achievable user throughput in the neighbour cells.
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