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1 Introduction

As the outcome of Study on Small Cell Enhancements from higher layer aspects, a conceptual solution of dual connectivity was studied to address the challenges on per-user throughput enhancement, mobility robustness and increased signalling load. Control and user plane protocol architecture enhancements were also studied to realise this potential solution. As a followed-up, a Work Item is created [1].

In the form of dual connectivity, a given UE attaches to two different eNBs (i.e. Master and Secondary eNBs) while in RRC_CONNECTED. This means there are two eNBs serving the UEs simultaneously. Both operator and user expect to enjoy the experience provided by dual connectivity in a guaranteed and consistent manner. While, so far there is lack of such mechanism that support the MeNB and SeNB to coordinate each other in order to ensure a well-defined QoS guarantee in RAN level taking the UE radio access capability into account. 

In this contribution, we try to discuss the RAN level QoS and UE radio access capability guarantee mechanism in the context of dual connectivity. 
2 Discussion 

2.1 Concerning RAN level QoS and UE radio capability parameters
A lot of QoS parameters have been developed to ensure a satisfied service quality and user experience. While, so far there are a few RAN level QoS parameters that are standardized and defined in the specifications in LTE [2]. Among these RAN level QoS parameters, QCI, ARP, GBR, MBR and UE-AMBR are applied and used in eNB to handle packet forwarding treatment and resource (re-)allocation/usage, as defined in [2] and extracted below:

Each EPS bearer (GBR and Non-GBR) is associated with the following bearer level QoS parameters:

-
QoS Class Identifier (QCI);

-
Allocation and Retention Priority (ARP).
Each GBR bearer is additionally associated with the following bearer level QoS parameters:

-
Guaranteed Bit Rate (GBR);

-
Maximum Bit Rate (MBR).

Each UE in state EMM-REGISTERED is associated with the following bearer aggregate level QoS parameter:

-
per UE Aggregate Maximum Bit Rate (UE-AMBR).
For UE radio capability, we assume that the main concern is about the capability related to the MAC/PHY and RF aspects, as follows:

· ue-Category, e.g. Maximum number of DL-SCH transport block bits received within a TTI and Maximum number of UL-SCH transport block bits transmitted within a TTI.
· Parameters related to simultaneous PUCCH and PUSCH transmission
· maxNumberROHC-ContextSessions

· CA MIMO capability

· supportedBandCombination
According to the current LTE mechanism, there should be only one source eNB which is responsible to implement all necessary QoS rules for UEs in ECM-CONNECTED taking into account the UE radio access capability, e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc. While, as mentioned above, dual connectivity is the operation where a given UE consumes radio resources provided by at least two eNBs (Master and Secondary eNBs, i.e. MeNB and SeNB) connected with non-ideal backhaul while in RRC_CONNECTED. In the form of dual connectivity, both eNBs (MeNB and SeNB) serve a particular UE simultaneously.

In the context of dual connectivity operation for the concerning UEs, it is obvious that user QoS experience should not be decreased. On the other hand, from operators point of view, the two eNBs in dual connectivity should not result in resource abuse, e.g. exceeding the UE subscription or UE radio capability. Therefore, In order to provide user a guaranteed and consistent QoS experience, it is of importance for both MeNB and SeNB to coordinate each other. 

Proposal 1: UE RAN level QoS and UE radio capability parameters should be guaranteed in a coordinated manner by MeNB and SeNB in dual connectivity operation for the concerning UEs in connected.

2.2 RAN level QoS parameters and UE radio capability parameters determination
As per the selected control plane architectures for dual connectivity [3], as the following figure 2.2-1, both MeNB and SeNB owns the RRM functionalities inside itself, while only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity in the MeNB and the UE only replies back to that entity. In this sense, the MeNB is in charge of controlling the UE radio link.
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Figure 2.2-1: Radio Interface C-plane architecture alternative for dual connectivity
Besides, in the SI phase, it was assumed that there will be only one S1-MME Connection per UE and it was further agreed that in dual connectivity MeNB refers to the eNB which terminates at least S1-MME and therefore act as mobility anchor towards the CN. Therefore, it is the MeNB that should be responsible for handling the UE specific S1-MME procedures and messages towards the CN as well as the full UE radio capability. In other words, the SeNB will not handle the UE specific S1-MME procedures and messages towards the CN. That is only the MeNB has the full knowledge of the UE contexts (including UE radio capability) and services situation.

Considering the above functionality split among MeNB and SeNB, it is reasonable that MeNB should take the role of determining the RAN level QoS and UE radio capability parameters splitting, i.e. MeNB should decide the RAN level QoS and UE radio capability parameters used in MeNB and SeNB respectively. As a consequence, the SeNB should apply the RAN level QoS and UE radio capability parameters informed by MeNB.

Proposal 2: It is MeNB that determines the RAN level QoS and UE radio capability parameters split between MeNB and SeNB for UEs in connected and operated in dual connectivity.
2.3 RAN level QoS parameters and UE radio capability parameters modification

As knows, the radio condition of UEs and the status of network are dynamically varying, so the radio resource allocated to UEs may need to modify and consequently a modification of the RAN level QoS and UE radio capability parameters between MeNB and SeNB may take place. This modification could be initiated either by MeNB or by SeNB and eventually determined by MeNB taking into account the UE experience requirement and global network status. 

Proposal 3: RAN level QoS and UE radio capability parameters split can be dynamically modified between MeNB and SeNB for UEs in connected and operated in dual connectivity.
3 Conclusions
In this contribution, we try to discuss the principles related to the handover in the context of dual connectivity, including the handover decision making and data forwarding function. Based on the analysis, we have the following proposals:
Proposal 1: UE RAN level QoS and UE radio capability parameters should be guaranteed in a coordinated manner by MeNB and SeNB in dual connectivity operation for the concerning UEs in connected.
Proposal 2: It is MeNB that determines the RAN level QoS and UE radio capability parameters split between MeNB and SeNB for UEs in connected and operated in dual connectivity.
Proposal 3: RAN level QoS and UE radio capability parameters split can be dynamically modified between MeNB and SeNB for UEs in connected and operated in dual connectivity.
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