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1
Introduction

Last meeting discussions were held on introducing additional feedback on X2-U. The proposal foresees to provide UE throughput history information on a per bearer level for split bearers serving GBR and non-GBR traffic in both directions, from the SeNB to the MeNB and the MeNB to the SeNB. A discussion paper was provided in R3-150440 [1] which was noted and a TP to capture a problem description in TR 36.875 [2] was provided in R3-150443 [3] which was not agreed.
Document R3-150527 [4] seems to take it as a given already, that the problem on fairness is an agreed issue and that it is also commonly acknowledged that system gains shown are possible and realistic.

This can be followed from the text proposed for TR 36.875 [2]:
Exchange of UE throughput history information between SeNB and MeNB can assist in the improvement of total system throughput in presence of split bearers, and consequently enhance the user experience.

…

UE throughput history information
UE throughput history information can improve total system throughput for split bearer, and the introduction of this enhancement is feasible in Release 13.
We are of the opinion that it is still too early to agree on such statements and will provide respective argumentation in this paper while going back in the history of this discussion and highlighting some topics that were also discussed during the informal email discussion conducted between RAN3#87 and RAN3#87bis and reflecting other topics as well.
2
Discussion

2.1
What can the MeNB and the SeNB already know without the suggested throughput history information?

MeNB

The MeNB receives feedback about the successfully in-sequence transmitted PDCP PDUs at an implementation/configuration specific rate, i.e. the MeNB can calculate the amount of data that was successfully delivered to the UE by observing the acknowledged PDCP PDUs, the size of the respective PDCP PDUs and the time that had elapsed since the last feedback. Any other feedback that calculates the throughput from lower layers, e.g. on HARQ level, does not quite calculate the effective data volume as seen by the user, i.e. as perceived from a service point of view. Therefore the UE feedback on RLC level would need to be taken into account.
Observation 1 The MeNB has already an accurate understanding about the effective data rate as observed at the SeNB. This information, like any other information sent via a non-ideal backhaul, is not a true instantaneous image of the situation at the SeNB, as it will be received by the MeNB only after the feedback has traversed the backhaul.

Important information to which the MeNB has direct access is the current link quality observed at both the MCG and SCG. To that respect, the MeNB is the “real master” of the SCG as it may decide based on UE measurements when to add and when to remove SCG resources – and naturally, the SeNB is dependent on the MeNB interpretation of the UE measurements. 

The MeNB in turn is dependent on the admission control decisions of the SeNB. The SeNB can very well request the release of a bearer or the release of the whole SCG or not admit SCG resources in the first place, e.g. if the load situation at the SeNB wouldn’t result in throughput gains any more.
Observation 2 By means of UE measurements, the MeNB has an excellent understanding about the link quality observed by the UE at the MCG and the SCG. 

SeNB

At SCG addition and SCG SCell addition the SeNB may receive the latest UE measurement results of the SCG cells.
Further, the SeNB is aware of the MCG configuration and the share of the UE capabilities that is “consumed” by the MeNB already.

Finally the SeNB receives E-RAB level QoS parameters for the SCG portion of the split bearer, i.e. the request whether the SeNB is able to provide resources of the indicated quality.
This results in the fact that the information available at the SeNB regarding the resources at the MCG is less instantaneous than the information available at the MeNB. This is however not surprising, as it reflects the basic design of dual connectivity which foresees the RRC entity to reside in the MeNB and independency of RRM entities in the respective eNBs. If the MeNB would provide additional information to the SeNB this would still be not truly instantaneous, as signalling would first need to travers the backhaul.

Observation 3 The information available at the SeNB regarding the resources at the MCG is less instantaneous than the information available at the MeNB, however, this can be regarded as a direct consequence of the general DC design. The understanding of the radio resources allocated at the MeNB and the SeNB however is mutual due to the exchange of configuration information within transparent containers. 

2.2
Assumptions made for scheduling DC and non-DC UEs behind the new proposal
This topic disputes the assumption on scheduling strategies during the discussions on a new X2 feedback. Those assumptions provided the main arguments in favour of introducing throughput history information:
1. The SeNB may try to schedule a UE in poor radio conditions which could be avoided if the SeNB has knowledge how the UE is currently served by the MeNB.

Dual Connectivity was mainly introduced to improve per-user throughput. Furthermore it has been shown that the gains achievable with DC vanish once the system load is more than low/medium. Given the fact that the MeNB is in the position to examine the UE’s radio conditions at the small cell it should be questioned in the first place, why a UE in bad small-cell radio conditions is put or kept in DC at all.
Observation 4 It is rather unrealistic to assume that UEs are configured for DC with a small cell where the UE experience bad radio conditions. 

In R3-150440 [1] assumptions for the provided simulation results foresaw to put UEs with RSRQ>-15dB into DC resulted in approximately 90% of the UEs being configured with DC.  The questions that arise from there are: where is the substantial amount of DC-UEs left that might consume resources from non-DC users in an unfair manner? It seems that the conditions under which UEs are put into DC do not generate un-fairness problems against non-DC users. 
But let’s assume that there is a substantial amount of UEs that are e.g. served by the small cell only. Any scheduler in the SeNB can take available information into account in order to optimise throughput in a way that it maximises any given individual, implementation specific metric. We are assuming that the scheduling method over which gains is claimed is a rather simply implemented max C/I scheduler and conclude that comparing such a method against results gained from applying a more advanced method is not a correct way to represent advantages.
Observation 5 It shouldn’t come to a surprise that a more advanced scheduling method is superior to one for which a rather simple implementation is assumed. Respective gains probably diminish greatly once more realistic implementations are assumed.
Observation 5 touches a quite sensitive topic: Scheduling strategies have been never subject of standardisation so far. This principle was followed in Rel-12 by keeping the principle for DC that each eNB involved in DC for a certain UE controls its radio resources and is primarily responsible for allocating radio resources of its cells. (see TS 36.300). 
Observation 6 If we agree to keep the principle of independent RRMs in each involved eNBs, gains in co-ordinated radio resource usage between eNBs has to be examined under the assumption that different implementations are allowed to act differently upon the information exchanged via X2.

Gains that could be achieved by optimised cross-carrier scheduling within a single eNB were referenced [5] during the informal discussion in order to show the technology potential of exchanging additional information via X2. First of all, this technology potential is known -  the Rel-12 study examined “ideal” CA and compared it against non-ideal backhaul (see TS 36.842). Secondly, it cannot be expected that we get even near to those gains, given that different scheduler-implementations have to be expected in the involved eNBs. And, as a third item, the fact that any kind of feedback exchanged would be outdated for 1 or 2 radio frames (assuming a more realistic backhaul delay of ~10-20ms.) would reduce expected gains as well.
However, implementation of “fair scheduling” among DC and non-DC users would be still possible by applying local strategies, taking more than mere radio conditions into account.

Observation 7 Introducing more frequent and enhanced feedback would not lead to an improved overall system throughput, as the performance of such kind of methods is highly dependent on how well the schedulers in the involved eNBs are coordinated and apply the same strategy. Furthermore, the non-ideal nature of the assumed backhaul would introduce feedback-delay spanning over more than one radio frames resulting in even less optimum coordination.
2. The MeNB may try to schedule a UE in poor radio conditions which could be avoided if the MeNB has knowledge how the UE is currently served by the SeNB.

As shown in chapter 2.1, the MeNB is already today in the position to examine the feedback provided by flow control. Throughput history information shall indeed take the UE acknowledgement into account because otherwise the feedback would not represent the effective data rate as seen by the service.

Observation 8 There is no additional feedback from the SeNB to the MeNB necessary as this was already introduced for flow control. Any eNB is free to utilise this information for other purposes as well.

3
Conclusion
Gains by introducing additional feedback would require a highly coordinated system, where independence of RRM strategies would no longer be allowed in order to achieve the promised gains. We should not change this principle of independent RRMs.

Furthermore it can be concluded that the outlined problems rather represent a suboptimum way of dealing with DC-users at the SeNB which can be already solved today by applying a more enhanced RRM strategy, utilising information available to the involved eNBs already on Rel-12.

The following observations were made:

Observation 1
The MeNB has already an accurate understanding about the effective data rate as observed at the SeNB. This information, like any other information sent via a non-ideal backhaul, is not a true instantaneous image of the situation at the SeNB, as it will be received by the MeNB only after the feedback has traversed the backhaul.
Observation 2
By means of UE measurements, the MeNB has an excellent understanding about the link quality observed by the UE at the MCG and the SCG.
Observation 3
The information available at the SeNB regarding the resources at the MCG is less instantaneous than the information available at the MeNB, however, this can be regarded as a direct consequence of the general DC design. The understanding of the radio resources allocated at the MeNB and the SeNB however is mutual due to the exchange of configuration information within transparent containers.
Observation 4
It is rather unrealistic to assume that UEs are configured for DC with a small cell where the UE experience bad radio conditions.
Observation 5
It shouldn’t come to a surprise that a more advanced scheduling method is superior to one for which a rather simple implementation is assumed. Respective gains probably diminish greatly once more realistic implementations are assumed.
Observation 6
If we agree to keep the principle of independent RRMs in each involved eNBs, gains in co-ordinated radio resource usage between eNBs has to be examined under the assumption that different implementations are allowed to act differently upon the information exchanged via X2.
Observation 7
Introducing more frequent and enhanced feedback would not lead to an improved overall system throughput, as the performance of such kind of methods is highly dependent on how well the schedulers in the involved eNBs are coordinated and apply the same strategy. Furthermore, the non-ideal nature of the assumed backhaul would introduce feedback-delay spanning over more than one radio frames resulting in even less optimum coordination.
Observation 8
There is no additional feedback from the SeNB to the MeNB necessary as this was already introduced for flow control. Any eNB is free to utilise this information for other purposes as well.


Proposal:
It is proposed to discuss the observations and to conclude that any enhancements as proposed [4] are not needed, as today’s implementations can achieve similar system performance.
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