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1. Introduction
With the introduction of dual connectivity, a UE needs to connect with two eNBs simultaneously. And the MeNB and the SeNB allocate respective radio resources for the UE. However, the UE capabilities are per-UE parameters. If there is no coordination between the MeNB and the SeNB, the whole configured radio resources of the dual connectivity UE would exceed the UE capabilities. Now, it is still FFS how the MeNB and the SeNB “share” UE capabilities. In this contribution, we would like to give our considerations on this issue.
2. Discussion
2.1. Type of Parameters that need to be coordinated
In the last RAN2#84 meeting, the UE capability parameters which need to be coordinated between the MeNB and the SeNB were analyzed in [1]-[3]. The UE radio access capability parameters that may need to be coordinated can be divided into two types:

1) Parameters which restrict the semi-static RRC radio  resource configurations of  UEs
An eNB should respect these UE radio access capability parameters when it configures suitable dedicated radio resource configurations for a UE via RRC signaling. There are two examples.

· Example 1: the UE capability parameter, supportedBandCombination. 
In dual connectivity, both the MeNB and the SeNB can configure serving cells for UE. The total cell number and related band and bandwidth in both the MeNB and the SeNB should not exceed the indicated UE capability, supportedBandCombination. Therefore, coordination is needed between the MeNB and the SeNB for the radio resource configurations. 
· Example 2: the UE capability parameter, maxNumberROHC-ContextSessions. 
maxCID is a configurable parameter for each PDCP entity, and the total value of MAX_CIDs across all bearers for the UE should be less than or equal to the value of maxNumberROHC-ContextSessions parameter. Considering that PDCP entities both exist in the MeNB and the SeNB for UP option 1A, coordination is needed between the MeNB and the SeNB for the maxNumberROHC-ContextSessions parameter.
Observation 1: For the UE radio access capability parameters that restrict the UE RRC radio resource configurations, coordination is needed between the MeNB and the SeNB.

2) Parameters which restrict dynamic resource scheduling for UEs
UE category is defined for L1 processing capability, which should be shared between MeNB and SeNB in dual connectivity. In general, when performing dynamic scheduling, the network should take care of this to avoid exceeding the L1 processing capability. 
· Category 6~8
From the perspective of the intention, Cat-6 and Cat-7 are introduced for 2 cells with 20MHz aggregation, and Cat-8 is introduced for 5 cells with 20MHz aggregation. According to the definition, the L1 processing capability is aligned with the band combination. In other words, if the serving cells and related MIMO configurations do not exceed UE’s capability, supportedBandCombination, (e.g. Cat-6,7 with 2 cells aggregation, Cat-8 with 5 cells aggregation), based on the knowledge of UE category, MeNB and SeNB can perform the dynamic scheduling individually and without extra coordination on the maximum TB size.
· Category 1~5
The legacy category is defined for one cell with 20MHz. Also it can support multiple cells with small bandwidth (<20MHz) configuration. In this case, the L1 processing capability cannot be aligned with the band combination. For example, for a Cat-3 UE configured with two cells with 10MHz aggregation and 2 layer MIMO, if there is no coordination between MeNB and SeNB, it is possible for both eNBs scheduling the  maximum TB size, and lead to the maximum TB bits in a TTI exceeding the capability. To avoid this case, due to the individual MAC scheduler with non-idea backhaul, the simple solutions should be considered, such as to divide the capability equally, or based on the MIMO configuration and cell bandwidth. 
Due to the L1 processing capability is mainly studied and defined in RAN1, the necessity and the method should be studied in RAN1 first.
Observation 2: For the UE radio access capability parameters that restrict the UE dynamic resource scheduling, the necessity and method on coordination should be discussed in RAN1 first.
2.2. Coordination Solutions
According to section 2.1, there are two kinds of capabilities, and the intention of coordination is different. One impacts the UE semi-static RRC radio resource configurations and is RAN2 related; the other impacts eNB’s dynamic scheduling and is RAN1 related. Hence, the coordination method of the two kinds can be discussed separately. In this section, we will focus on the UE capabilities coordination for the parameters which restrict UE semi-static RRC radio resource configurations. 
Based on the analysis in [1]-[5] and considering that the RRC radio resource configurations is semi-static, there are three possible coordination options to guarantee the whole radio resource configurations for a dual connectivity UE not to exceed UE capabilities, as shown in Figure 1.

[image: image1.emf]MeNB SeNB

Inform the granted UE 

capabilities at the 

beginning

MeNB SeNB

Inform the granted UE 

capabilities

MeNB SeNB

UE radio resource 

configuration in each 

eNB

Inform the granted UE 

capabilities

Opt 1 Opt 2 Opt 3


Figure 1 Coordination options
· Opt 1: Reservation with fixed proportion
In the option, the MeNB grants a part of UE capabilities to the SeNB with the SeNB addition procedure and does not use that part until the SeNB is released. The option is simple as the MeNB only needs to decide the UE capability splitting at the SeNB addition procedure. But the proportion splitting between the MeNB and the SeNB is fixed. It cannot be varied with the eNB load or the channel conditions. This will restrict the UE throughput gain for dual connectivity mechanism. In addition, which UE capability parameters need to be split between the MeNB and the SeNB needs to be standardized. This may involve RAN1 discussion. Furthermore, the coordination parameters for UP option 1A and 3C are different, e.g. the maxNumberROHC-ContextSessions parameter needs to be coordinated only for 1A architecture. Hence, it will increase the burden of standardization work with the option.
· Opt 2: Centralized and semi-static coordination
In the option, the MeNB controls the UE capabilities splitting proportion. Based on some information, e.g. the radio channel condition and eNB load of each eNB which can be obtained with existing X2 interface, the MeNB can update the splitting proportion between the MeNB and the SeNB. Then the MeNB transfers the granted UE capabilities to the SeNB via X2. Unlike option 1, the splitting proportion between the MeNB and the SeNB can be varied when some conditions are changed, e.g. the radio condition of the SeNB becomes better and so on.
Like option 1, which UE capability parameters need to be split between the MeNB and the SeNB needs to be standardized for the option. It will increase the burden of standardization work.
· Opt 3: Distributed and semi-static coordination
In the option, the MeNB and the SeNB obtains the whole UE capabilities in advance. And each eNB can decide the available UE capabilities based on the RRC configurations in the other eNB [5]. The MeNB can get the UE radio resource configurations in the SeNB via comprehending the RRC configurations from SeNB. Based on it, the MeNB can decide the remaining UE capabilities and perform its own radio resource configurations. In the same way, the SeNB can decide its radio resource configurations/reconfigurations based on the knowledge of MeNB configurations. How the SeNB gets the UE radio resource configurations in the MeNB can be discussed further. For example, the MeNB transfers the MeNB configurations to SeNB initiatively upon its configurations change or based on SeNB request.
However, it is still possible that the MeNB and the SeNB change the UE radio resource configurations at the same time. The remaining UE capabilities which are based on the previous configurations in the other eNB are inaccurate in the case, and the whole UE radio resource configurations may exceed UE capabilities. Therefore, the MeNB needs to comprehend the UE configurations provided by the SeNB and check whether appropriate UE configurations are provided by the SeNB. If the whole UE radio resource configurations exceed UE capabilities, the MeNB rejects the UE configurations provided by the SeNB.
With the option, the standardization work is less than opt 2. Each eNB just sends all the current UE radio configurations via X2 to the other. And the option is more compatible for further enhancements as the remaining UE capabilities are decided by eNB. Furthermore, the additional signaling overhead in X2 with the option is acceptable, as the UE radio resource configurations in the SeNB already need to be provided to the MeNB, and some radio resource configurations of the MeNB, e.g. DRX configuration, also need to be transferred to the SeNB. 
We prefer opt 3 for UE capability coordination. And the MeNB comprehends the UE configurations provided by the SeNB and checks whether the current whole UE radio resource configurations exceed the UE capabilities. If the whole UE radio resource configurations exceed UE capabilities, the MeNB can reject the UE configurations provided by the SeNB.
Proposal 1: UE radio resource configurations in each eNB are transferred via X2 for UE capability coordination in dual connectivity.
Proposal 2: The MeNB can comprehend the UE configurations provided by the SeNB and reject the UE configurations provided by the SeNB.
3. Conclusion

According to the analysis in section 2, it is observed:
Observation 1: For the UE radio access capability parameters that restrict the UE semi-static resource configurations, coordination is needed between the MeNB and the SeNB.
Observation 2: For the UE radio access capability parameters that restrict the UE dynamic resource scheduling, the necessity and method on coordination should be discussed in RAN1 first.

And we propose:

Proposal 1: UE radio resource configurations in each eNB are transferred via X2 for UE capability coordination in dual connectivity.

Proposal 2: The MeNB can comprehend the UE configurations provided by the SeNB and reject the UE configurations provided by the SeNB.
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