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1
Introduction

This document provides a text proposal on suggested methods to enhance system throughput.

2
Discussion

This section is just to shortly explain the approach we have taken for the wording chosen in the text proposal and its basic structure in section 3.

Problem statement:

-
from the discussions we understood that the solutions suggested try to face a very specific strategy for non-GBR bearers: 
It is assumed that UEs are kept in DC even if resource usage for such UEs are costly for the SeNB, so costly, that normally such UEs wouldn’t be kept in DC any more. 

-
To our understanding, it is this specific strategy that creates the problem, but we are open to discuss it and related potential solutions, however, it should be also evaluated whether the expected gains and the suggested means justify such strategy.

-
So far, we haven’t seen any other application of the solutions than the above mentioned strategy and we wouldn’t regard it as a good idea to reword the problem statement in a way that the original intention is not recognisable any more.

UP solution:

-
The main discussion point is the question whether the exchange of throughput history information can provide substantial gains without RRM entities in the involved eNBs being tightly coordinated and tuned to behave the same way when receiving the feedback information.

Note:
We very well recognised that there are two flavours introduced: uni- and bi-directional exchange, but this wouldn’t change the urgency of the question.

CP solution:

-
Originally, there were three CP plane solutions suggested at RAN3#87bis. While reviewing them we realised that the solution that foresaw to request the SeNB to provide the DL DATA DELIVERY STATUS in a well-defined periodicity wouldn’t solve the outlined problem at all and we took the liberty to not refer to it any more.

-
Looking at the two remaining solutions, we realised that they seem to be just 2 flavours of the same intention: providing means to request the other eNB to take over guaranteeing a minimum QoS. Whether this is done by signalling a very specific request by means of an enumerated value or an actual bitrate would be of just minor relevance, the effect would be the same. This to explain our approach in structuring the TP. (Of course, we see flaws in those solutions as well, and related statements are captured in the TP below.)
-
One additional thing, we also tried to avoid the term fairness at all. Fairness can be connoted with many meanings, especially non-technical aspects which could be quite misleading. Therefore we have chosen the term guaranteeing a minimum QoS which should at least be more specific.

Utilising available means:

-
One will realise that the text provided in this section is basically taken from discussion papers we have already provided to previous meetings. 

3
Text Proposal for TR 36.875
<<<<<<<<<<<<<<<<<<<< First Change  >>>>>>>>>>>>>>>>>>>>

4.4.x
Suggested Methods to enhance system throughput in the presence of UEs configured with DC and without DC

4.4.x.1
Problem Statement
It has been investigated whether overall system throughput might benefit from co-ordinating radio resource usage among the eNBs serving the UEs configured with DC.
It has been further investigated whether UEs not configured with DC or not capable of performing DC could benefit as well from co-ordinating radio resource usage among the eNBs serving the UEs configured with DC.
While simulations provided in R3-150100 [x1] have shown gains under the assumptions made. Gains have been shown in [x1] for 5% non-DC users and median non-DC user but not for the overall system throughput. There was no agreement on the relevance of the assumptions and the actual results.

Nevertheless, a couple of methods were investigated and will be presented in the following subsections.
The related methods introduced below are applicable for non-GBR split bearers only. 
The new user plane and control plane solutions assume that DC users are kept in DC even if resource usage for such users becomes rather costly and would rather result in releasing the SCG, however, in some cases it might be beneficial to keep the users in DC in order to reduce overall X2/RRC signalling load.
4.4.2.X.2
User Plane solution: Bi-directional exchange of UE throughput history information

This solution introduces UE throughput history information in DL USER DATA frame and DL DATA DELIVERY STATUS frame defined in TS 36.425 [x2]. This parameter indicates the UE throughput history per bearer at eNB, which is provided in a certain period with average UE throughput scheduled by the eNB only when there is data to be transmitted in the corresponding UE buffer (i.e. average user throughput should only be updated when there is data to be scheduled to the UE otherwise “zero” value is included).
It has been outlined that such a method would require the RRM strategies within the involved eNBs to be very much aligned; otherwise the eNBs could e.g. interpret and act upon the received information in contradicting ways, resulting in losses rather than in gains. This would contradict the Rel-12 agreement on allowing the RRM entities in the involved eNBs to act independently.
4.4.2.X.3
Control plane solution: Ensuring provision of minimum QoS by only one eNB involved in DC
This solution considers ceasing provision of a certain minimum QoS for DC users if the related cost in terms of necessary radio resources would not significantly improve the contribution of the other eNB involved in DC to the overall QoS experienced by the UE.

The related C-plane signalling foresees a start/stop signalling by means of the already specified X2AP MeNB and SeNB initiated SeNB Modification procedures.

An example message flow for an MeNB initiated scheme is provided below in Figure 4.4.2.X.3-1.
As a variant of this signalling scheme the MeNB/SeNB might request the SeNB/MeNB to ensure at least an explicitly indicated minimum bit rate to be provided to the UE.
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Figure 4.4.2.X.3-1: Delegating provision of minimum QoS to a single eNB
While adding additional information to the messages of the SeNB Modification procedures is possible, it has been pointed out that the MeNB could easily observe the radio conditions the UE is experiencing by means of UE measurements and the success of delivering PDCP PDUs by means of the feedback received via X2-U. Consequently the MeNB is very well able to decide about the amount of user data to be provided to the UE via MCG or SCG resources.

Assuming that schedulers in general try to provide at least a minimum bitrate for each non-GBR bearer, it could be followed that the scheduler in the SeNB would behave in the same way even without the special indication provided in step 3 as shown in Figure 4.4.2.X.3-1.

On explicitly indicating a minimum bitrate to be provided by the requested eNB it was realised that the non-GBR bearer might mutate to a de-facto-GBR bearer. Such concepts would need to be clarified on stage 1 and stage 2 level first, which was deemed outside the scope of RAN3.
4.4.2.X.4
Applying local RRM strategies based on information available via already specified means
Information available at the 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. Taking the X2-U feedback into account the MeNB would be provided with SeNB specific UE throughput history information.

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 for DC users or a certain minimum throughput for non-DC users cannot be guaranteed any more.

Information available at the 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.The information available at the SeNB regarding the resources at the MCG is less instantaneous than the information available at the MeNB, basically it comprises information provided to the SeNB at SeNB Addition/Modification by 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.  Further, an eNB has a good understanding of the available capacity of cells served by its neighbouring eNBs.

On X2-U the SeNB provides the MeNB with feedback about the desired buffer size for an E-RAB and the minimum desired buffer size for the UE. This information would also provide means for the SeNB to control the (desired) amount of data to be provided to the SeNB.
If the SeNB becomes aware that serving the UE in DC would become too costly and would steal resources from other UEs it may well release the SCG or even not accept the SeNB addition/modification. The only disadvantage as compared to the proposed new user and control plane solutions seems to be the X2/RRC signalling to be spent to add & release SCG resources for UEs. This however does not necessarily represent an issue, due to the distributed nature of the E-UTRAN architecture.
<<<<<<<<<<<<<<<<<<<< Next Change  >>>>>>>>>>>>>>>>>>>>

5
Conclusions
Location Reporting Enhancement
There is no clear requirement to enhance the Location Reporting from pure location accuracy purpose.

UE-AMBR coordination over X2
In order to optimize the overall throughputs for the UE and avoid restrict the bitrate unnecessary, UE-AMBR coordination over X2 is feasible in Release 13.

CSG support for Dual Connectivity

CSG support for hybrid access HeNBs acting as SeNBs has been identified as the only option for future normative work.

Handover Enhancements
Data Forwarding: No standardisation impact was identified during the study.

Ensuring delay target

Ensuring packet delay target should not be a significant problem since SeNB may know the delay from MeNB to SeNB.
X2-U UL packet loss
There are several implementation specific solutions possible to handle X2-U UL packet loss. No standardized solution will be further pursued.

LIPA in the dual connectivity:

Use cases for LIPA are covered by use cases for SIPTO with co-located L-GW. The conclusion for SIPTO with collocated LGW can be applied to LIPA.
Suggested Methods to enhance system throughput in the presence of UEs configured with DC and without DC

No clear benefit was identified to introduce new specified means. 
<<<<<<<<<<<<<<<<<<<< End of Changes  >>>>>>>>>>>>>>>>>>>>
4
Conclusion and Proposal
It is proposed to agree on the text proposal outlined in section 2.

5
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