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Discussion
1 Introduction
In this paper we propose to discuss solutions that would enable post-handover monitoring of QoS, understood primarily as throughput. Currently, in case of non-GBR bearers, an eNB is not aware of the fate of the UE. Therefore, even if there is more than one possible HO target, the selection can only be based on radio conditions (augmented with MRO statistics). We propose to enable the eNB to verify what the situation of the UE is once it is successfully handed over to the target. For this, we discuss possible technical solutions and propose to focus on one of them as the way forward.
2 Discussion

2.1 Problem description and motivation
The QoS mechanism defined in LTE enables two main types of bearers for a connection: GBR and non-GBR. The GBR bearers have throughput control built-in. However, the non-GBR bearers do not offer such a feature: by definition, nothing is guaranteed there, the scheduling policy that is applied to a UE is up to the implementation. This is a principle that was adopted at early stages of LTE development and is hard to be undermined. 
However, in real world, it turned out that more services use non-GBR bearers than it was perhaps designed for. Among them, some that in fact do require QoS control, like video streaming or VoIP. This is resolved based on configuration, e.g. eNBs are configured to accept load up to a level that enables offering acceptable throughput and delay. This is sufficient, but requires laborious tests to verify the configurations and may still create discrepancies at inter-vendor handovers. This problem was identified already a long time ago: 
· In 2010, NGMN issued a recommendation concerning monitoring throughput before/after handover [1];

· The problem of throughput monitoring in case of handover was also voiced during the Energy Saving SI [2];
Proposal 1: RAN3 is proposed to address the problem of non-GBR throughput monitoring.

2.2 Possible solution
The principle of non-GBR traffic is that its scheduling of such users is up to implementation. Therefore, solutions assuming suggesting the average or minimum throughput to the target at the HO preparation are not possible – they violate this principle. However, in dense deployments, where the source may have more than one target, especially if more than one RAT is used, the information about the treatment the UE experiences in given targets may help the source to decide the HO targets more consciously. The possible solution could rely therefore on the reporting, if requested, of the throughput the UE is offered after the HO. This corresponds to the MRO framework (reporting to the source) and based on such information, the source could build enough statistics to select the targets according to the service, if radio conditions allow for such selection.

Proposal 2: The throughput monitoring shall be based on post-HO reporting.
A similar solution has already been enabled to detect unnecessary inter-RAT handovers: the source requests report from the target, if the source signal level is better than given threshold. This framework can be reused for throughput monitoring, but it has to be enhanced.
The QoS a non-GBR user experiences, or throughput in particular, depends on the radio conditions and load level. Assuming the load fixed and does not allow for infinite increase of the resource allocation per UE, the dependency on the radio conditions means that the “coverage” may become rather fuzzy term: the serving eNB must decide if a user moving toward cell edge is to be handed over sooner, when it still has high throughput (and hoping the target can provide equally good service) or served longer, even though its throughput degrades. This is particularly relevant in case of inter-RAT HOs, where the UE is handed over from LTE to UMTS as a result of expected loss of coverage at LTE: if the eNB assumes the coverage is when the e.g. 20% of the throughput demand can be fulfilled and so sets the RSRP/RSRQ thresholds for the unnecessary HO report, the HO may be declared unnecessary even though the throughput offered at the UMTS was much higher (e.g. 50%); alternatively the eNB may set the threshold high, the UE coverage at LTE is considered ending at 80% of the demanded throughput, the HO will be considered necessary, even though at the UMTS the user was offered less that 10% of the demanded throughput and thus it could have stayed at the LTE much longer. Therefore, such reporting enables to optimise HO decisions: to select the most appropriate target (e.g. another LTE cell vs. overlaid HSPA cell) and to select the most appropriate HO moment, so that user’s throughput is maximised. This is presented in Figure 1 below, with two implementation options.
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Figure 1. Schematic example of a moving user’s throughput in multi-RAT environment: depending on the implementation of the reporting, the LTE cell may select the target and HO moment e.g. to avoid dropping of the throughput (report minimum throughput, HO point 1) or to maximize average throughput (report average throughput, HO point 2).
The above scenario explains why pure unnecessary HO procedure, based on the RSRP/RSRQ verification may be insufficient to check the actual QoS that UEs experience after a HO. The reporting may concern various QoS aspects, but the throughput seems to be the easiest one to provide: starting from Rel.11, the system is able to monitor user’s effective throughput. This has been enabled as part of the MDT solution for both, LTE and HSPA (Scheduled IP Throughput per UE). Therefore, the needed measurement is defined and can be reused for the reporting.

Proposal 3: The existing reporting of unnecessary HO shall be enhanced to enable reporting of MDT-based throughput measurements.
Another aspect is extension of the mechanism to intra-LTE. The fact that the radio interface is the same at the source and at the target, and that the source is aware of the load level at the target (also of the capacity available for LB purposes) facilitates greatly the estimation of the QoS a user may experience at the target. Thus, the need to report throughput back to the source may not be that obvious as in case of inter-RAT, but may be considered, too.
Proposal 4: RAN3 is proposed to discuss if similar mechanism is needed also for intra-LTE reporting.

3 Conclusions and proposal
In this paper we have recalled the problem of QoS (and throughput in particular) control for non-GBR bearers. It is shown that current “fire and forget” approach, based solely on radio measurements, may lead to suboptimal, form the user’s point of view, decisions. In multi-RAT environment of HetNets, where a cell may have several targets for a user, the information about treatment UEs received in the past in each of them may help to decide which one to pick and when to execute the HO. Since this is particularly relevant for inter-RAT, we propose therefore to enhance the existing unnecessary HO reporting so that also the MDT-based throughput measurements can be used as a criterion for reporting. It is up to further discussion, if such mechanism, well matching existing MRO solutions, should also be enabled in intra-LTE environment.

This is summarised in 4 proposals listed in the paper:
Proposal 1: RAN3 is proposed to address the problem of non-GBR throughput monitoring.

Proposal 2: The throughput monitoring shall be based on post-HO reporting.

Proposal 3: The existing reporting of unnecessary HO shall be enhanced to enable reporting of MDT-based throughput measurements.

Proposal 4: RAN3 is proposed to discuss if similar mechanism is needed also for intra-LTE reporting.

When the above proposals are discussed and possibly agreed, we will provide the necessary CRs.
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