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1
Introduction
A new work item on Multicarrier Load Distribution of UEs in LTE has been approved at RAN#67 [1]. One of the prerequisites is a study phase on: 

· New measurement quantities, e.g. SINR, for better estimation of user throughput should be evaluated and introduced, if needed
Also the work plan of the WI brings about the related to this prerequisite need to:
· Study the limitations of the current mechanisms and measurement quantities, for redistribution of UEs amongst multiple LTE carriers

We believe the studies should follow the work plan arrangement. Thus, we undertake the observations on the limitations of the current mechanisms made in [2] and based on that we elaborate how candidate measurement quantities could improve load distribution.
2
Discussion
2.1
Clarifying intentional WI scope
The intention to introduce new measurement quantities in the framework of Multicarrier Load Distribution of UEs in LTE would be to overcome limitations and gaps potentially recognized in current metrics, mechanisms and algorithms utilized for load distribution. 

In [2] we analyze different traffic steering strategies based on currently standardized signalling in existing releases of the LTE specifications. The performance analysis led to the observation that Especially in macro deployments with low inter-site distance there seems to be some potential to improve load balancing (i.e. increasing user throughput) while decreasing the number of load balancing handovers.

According to the WID [1] the potential to improve load balancing might be addressed by SINR measurement considerations. However, there are certain ambiguous issues which should be discussed in more detail to start with:
· Applicability of SINR to UE state

· Reliability of SINR

Interpretation of SINR applicability seems to be doubtful and open. Generally, the WI aims at taking IDLE UE mode related factors as essential element and additional input for traffic load balancing. In the legacy solutions consisting of load information exchange, mobility settings adaptation and handover procedure, the subject of the load balancing are UEs that generate load, i.e. are in active mode. Idle mode UEs, as not engaging any network resources, are not included in the scope. The WI aims at enhancing methods for load distribution by additional attention paid to “potential load” of idle UEs: load that will be created once the UEs attempt to activate connection.
By enhancing the existing load balancing methods (CONNECTED-based) with Idle mode UE density and distribution, it should be possible to achieve balanced load distribution already at RRC connection setup, and consequently minimize need for load-triggered HO or redirection during connected mode. 
On the other hand WID reads:
“ for connected mode, an ideal load balanced network should try to minimize active traffic overload probability while maximizing user throughput (...)measurements such as SINR may be more appropriate for load-balancing active traffic so as to achieve optimal throughput for the user, while simultaneously avoiding unnecessary HO or redirections.”
This suggests that SINR related considerations would rather address connected UEs. The suggestion seems to be applied by direct mentioning of connected mode limitations, as well as by indicating characteristics of connected mode (i.e. throughput, active traffic).

Even though, ideally enhanced load balancing targeted by the WI, would be pro-active control of the UE distribution in both idle and connected modes or verging on connected state entrance, we note that SINR requirements in context of load balancing mechanisms remain unclear.
Proposal 1: Clarify for which UE state (i.e. RRC_IDLE or RRC_CONNECTED) SINR considerations for Multicarrier Load Distribution of UEs in LTE in context of load balancing mechanisms should apply.
2.2
Reliability of SINR 
In respect of SINR as an indicator of connected UE behaviour, we refer to earlier Rel-8 RAN4 contributions [3] and [4] that have studied the properties of different UE measurement quantities for mobility and handover decisions purposes. Since the WI invokes the need to identify measurement quantities or their limitations helpful in load distribution, we find the earlier analysis might be a matter of some importance. Most notably, we would note that currently there is no definition of SINR as a measurement quantity in 3GPP specifications, which means that the first task of evaluating the metric would be to agree to what kind of SINR metric would need to be considered.
Observation 1: A definition of “SINR” would be necessary for understanding of how the metric can be utilized in load balancing.

It’s worth noting that simulations performed at that occasion and following 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. Namely, the simulations were performed for RSRP, RSSI, 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 [3]).

Definitely large differences were observed in [4] 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. As can be seen in Figure 1 (inherited from [4]) the number of handovers was presented for three simulated UE measurement quantity candidates as function of loading. The load here is defined as the number of physical layer resource blocks used to transmit DL data to total number of available resource blocks in Physical Downlink Shared Channel. 
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Figure 1: Number of handovers as a function of loading for different UE DL measurement quantity candidates (Sliding Window Size =200ms, Measurement Interval = 50ms)
Furthermore, as load in other cells causes variation to RS SINR results the reliability in HetNet scenarios would probably get even worse.

Having recalled these RAN4 studies in the light of  the newly intended considerations for SINR metric, i.e.:

· Other measurements such as SINR may be more appropriate for load-balancing active traffic so as to achieve optimal throughput for the user, while simultaneously avoiding unnecessary HO or redirections.

We believe that the WI aims at defining good and reliable metrics 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.  
Observation 2: SINR metric alone is not reliable indicator for avoiding unnecessary HO or redirections.
Hence, the SINR could be utilized together with other metrics. For example, whether SINR could be used for throughput estimation, should be further studied.  Because generally SINR for a user is the ratio of the received strength divided by the corresponding noise and interferences, it’s clear that the interferences from other cells (which depend on the location of surrounding base stations) will typically be largest at cell edge, where also the load balancing cell changes would typically occur. Throughput is also typically a decreasing function of UE location and depends of the cell size, i.e. UEs further away from the eNB tend to have lower SINR, lower throughput and a higher demand for radio resources (e.g. GBR with high rates). Naturally the actually realized UE (end-user) throughput is dependent on other factors like the cell loading – hence, if a UE in RRC_IDLE were to measure throughput, some knowledge of the cell load could lead to a better estimate of the expected throughput. In the end, whether the UE’s QoE is good depends on whether the UE meets the bitrate requirement of the service.

Observation 3: Cell load and UE capabilities affect the reliability of UE throughput estimation.

All of the previously mentioned issues may cause problems to the estimation, so even if the network manages to assign the prioritized GBR traffic towards a user located at cell edge, SINR used as an estimate may be not aligned with actual throughput. Naturally all users would suffer from the same issues, but as a rough estimate also other existing metrics could be considered for throughput estimation. Nevertheless, it seems worthwhile to identify more specifically which use cases the potential SINR measure would be used for.
Finally, we note that the definition of a SINR metric would have to be done in RAN1, as was discussed also in the RAN#67 discussion when the WID was approved. Also, a solid and final assessment of SINR metric performance falls into RAN4 expertise, which would be needed before drawing any conclusions. As the leading group of the WID RAN2 could (and should) still consider solutions involving the SINR, but such solutions should be based on a clear definition of SINR and understanding that the performance of the metric would finally be defined in RAN4.
Proposal 2: RAN2 to ask for feedback from RAN1 and RAN4 once it has defined the potential SINR measurement.
3
Conclusion
This contribution elaborated intentional scope of the Multicarrier Load Distribution of UEs in LTE WI with regard to SINR expectation and led to the following points:
Proposal 1: Clarify for which UE state (i.e. RRC_IDLE or RRC_CONNECTED)  SINR considerations for Multicarrier Load Distribution of UEs in LTE in context of load balancing mechanisms should apply for.
Observation 1: A definition of “SINR” would be necessary for understanding of how the metric can be utilized in load balancing.

Observation 2: SINR metric alone is not reliable indicator for avoiding unnecessary HO or redirections.
Observation 3: Cell load and UE capabilities affect the reliability of UE throughput estimation.

Proposal 2: RAN2 to ask for feedback from RAN1 and RAN4 once it has defined the potential SINR measurement.
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