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1
Introduction
At RAN3#87, tdoc [1] was presented explaining the challenges to ensure fairness in the context of dual connectivity. 
Tdoc [1] concluded with a proposed optimization to exchange the “throughput history” between MeNB and SeNB at regular interval. Some text proposal was captured in [2] without any conclusion or even without confirming the issue. 
This paper analyses again the proposed optimization and would like to propose alternative text proposals to describe both the problem and the solutions.
2
Description of the desired optimization
Tdoc [1] proposes that MeNB and SeNB schedulers periodically exchange history throughput information  per bearer of DC UEs using the DC split bearer option. With this information each scheduler is said to be able to optimize the resource allocation to the UE bearer.
Following discussion, TP was agreed in [2] introducing in the TR “fairness between DC UE and non-DC UE”.
The TP says that the throughput experienced by non DC UE is not optimized if fairness between DC and non DC UEs need to be supported:

If fairness between DC UE and non-DC UE needs to be supported, there may cause the degradation of the throughput experienced by non-DC UE. This is because without knowing the MeNB throughput, the SeNB may try to schedule UEs in poor conditions consuming huge resources.
However whether this is true or not was inconclusive at RAN3#87: 
Note:
Whether fairness between DC UE and non-DC UE is issue or not needs to be further evaluated involving suitable WGs.
We propose here that the problem could be addressed differently. We actually agree that fairness needs to be ensured for both non DC UEs and DC UEs. For non DC UEs it is the task of each serving eNB. For DC UE the MeNB should always be in a position to ensure the fairness to the UE bearer without delegation to the SeNB. This is because the basic assumption of using the split bearer option is that the  system is not overall overloaded otherwise there is no benefit to aggregate the resources.
It can be acknowledged that for some UEs in MeNB cell edge, resources could be optimized compared to rel12 when radio conditions are good and steady in SeNB if MeNB can  transfer to the SeNB the task to ensure fairness. This could avoid wasting radio resources in MeNB which could happen to the detriment of non DC UEs in MeNB as mentioned by [1] and [2]. So we propose to rephrase this possible optimization as:

The MeNB should be able to ask the SeNB to ensure fairness to SeNB for a particular split bearer whenever it can infer that this optimizes the overall radio resources.

Proposal 1: rephrase the text proposal in line with above (actual Text Proposal in the annex).

2
Description of the possible solutions 
There could be two types of solutions:

User plane solutions

Bi-directional user plane

So far tdoc [1] has presented only one possible solution based on user plane. MeNB and SeNB exchange frequently “throughput history” information to inform regularly of their scheduling (50 ms in the example). This solution can be called bi-directional user plane solution. In the direction SeNB to MeNB the throughput history is claimed to be sent with lower delay compared to sending the DL Data Delivery Status frame. it needs however to be further investigated at RAN3#87bis after the email discussion how then this “throughput history” can be reliably taken into account by MeNB if the data has not be RLC acknowledged (lack of time during email discussion). Another point to be further discussed is what prevents MeNB and SeNB schedulers to take contra-productive decisions if they are both informed in real time of what the peer scheduler does.
Uni-directional user plane
During the post RAN3#87 email discussion a similar alternative solution has been proposed whereby the MeNB would rely on the DL Data Delivery Status frame sent by the SeNB at same periodicity (e.g. 50 ms) as indication of throughput. In that solution only SeNB sends the feedback and MeNB remains ultimately in charge of fairness insurance which avoids the risk of race decisions mentioned above. 

Not enough time was available in the email discussion to thoroughly compare the two user plane approaches. 
Control Plane solutions
Given the short periodicity of the user plane exchange necessary for the user plane solutions described here-above and the associated interface signalling load, it is proposed to look at possible control plane solutions. Assuming that MeNB is ultimately in control to ensure fairness, it could temporarily delegate this task to the SeNB when this results in resource saving overall for the system. A few control plane messages would suffice assuming that this delegation only occurs when SeNB conditions are good enough (and not toggling). In tdoc [1] it is assumed that only UEs with an RSRQ in the small cell frequency layer higher than -15 dB are configured with dual connectivity. Such solutions have not yet been investigated. Examples of such solutions are given in the annex whereby MeNB could send a request message to ask SeNB to ensure fairness, or MeNB could instead ask SeNB to ensure some minimum QoS parameters ensuring no starvation for the non GBR split bearer such as a minimum throughput or minimum inter-packet interval.
Proposal 2: capture the multiple use plane and control plane solutions in the TR36.875 and analyse them further for down-selection at RAN3#87bis.
3
Conclusion
This paper has further analysed the possible optimization of dual connectivity resources while ensuring fairness. It proposes to continue investigating this issue with all potential solutions as follows:
Proposal 1: rephrase the Text Proposal for the description of the targeted optimization in the TR 36.875 as in the annex below.

Proposal 2: capture the multiple user plane and control plane potential solutions in the TR36.875 as presented in the annex here-below and analyse further them for down-selection.
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Annex: Text Proposal for section 4.4.2 of TR36.875
4.4.2
X2-UP flow control
4.4.2.X
Optimizing Resources while ensuring Fairness for DC UEs 
Single connectivity UEs have one serving eNB which is therefore in charge of ensuring fairness for all users so that no UE bearer experiences starvation. For UEs in dual connectivity operation with the split bearer option, resources could be optimized system wide if the SeNB takes over the task to ensure fairness from the MeNB when it is less costly in terms of resources for the SeNB.   
4.4.2.Y
Proposed Solutions
4.4.2.Y.1
User Plane solution 1: periodical bi-directional exchange of “history throughput” information over user plane 
4.4.2.Y.2
User Plane solution 2: Periodic DL Data Delivery frame 
The MeNB asks to receive periodic feedback of downlink data delivery. In the SeNB Addition/Modification Request message it can include a desired periodicity for receiving the DL Data Delivery Status frame from the SeNB. This periodic report allows the MeNB to get an accurate view of the effective data delivery on the SeNB side for a given bearer and therefore to detect if it needs to adapt its own delivery to ensure fairness for that bearer. An example call flow of this solution is given here-below:
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4.4.2.Y.3
Control plane solution 1: Fairness delegation
The MeNB ensures fairness for the UE split bearer until it detects that radio conditions enable SeNB to ensure fairness and at lower cost. The MeNB sends a SeNB Modification Request message to delegate to the SeNB to ensure fairness.
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4.4.2.Y.4
Control plane solution 2: minimum QoS Commitment
The MeNB ensures fairness for the UE split bearer until it detects that radio conditions enable SeNB to ensure fairness and at lower cost. The MeNB sends a SeNB Modification Request message to request the SeNB to ensure a minimum QoS commitment for the split (non-GBR) bearer. This can be a minimum bit rate or minimum inter-packet interval to be ensured. 
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