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1 Introduction
In this contribution, we discuss the LCP operation in dual connectivity. 

2 Discussion
In UP architecture 1A, one radio bearer is only served by one eNB and mapped to one logical channel. Since each eNB manages the UL resources only for the radio bearers which are belonging to the eNB, the logical channels in different MAC entities would not share the UL resources. Therefore, for 1A, it is straightforward that the legacy LCP procedure is independently performed for logical channels whose data are to be transmitted to the same eNB, i.e., LCP procedure is independently performed in each MAC entity.
In UP architecture 3C, the situation is somewhat different because a radio bearer can be split into two RLC/MAC entities, and it can be served by both of the MeNB and the SeNB. I.e., there can be one to multiple mapping between radio bearer and logical channel.
However, the LCP procedure is performed for ‘logical channels’, and it does not care about whether the radio bearer is split or not in the upper layer. From the logical channel point of view, it is clear to which eNB the data of the logical channel is transmitted. Then, it is still straightforward that the legacy LCP procedure is applied to 3C, i.e. the LCP procedure is independently performed for logical channels whose data are to be transmitted to the same eNB.
Proposal 1. When the UE has a dual connectivity, the legacy LCP procedure is independently performed in each MAC entity. 
With Proposal 1, there is one issue for UP architecture 3C regarding PBR enforcement. In the current specification, the PBR is configured per radio bearer not per logical channel. The reason is to supply different bit rate per radio bearer according to the priority of the radio bearer. For UP architecture 3C, if the legacy LCP procedure is performed in each MAC entity, there may be a problem of excessive PBR enforcement because there can be multiple logical channels mapped to different MAC entities for one radio bearer [1]. In order to avoid excessive PBR enforcement, there are two approaches in processing multiple UL grants in a TTI: PBR fractional enforcement and PBR serial enforcement. 
Option 1: PBR fractional enforcement:

· PBR of a radio bearer needs to be divided for M-MAC and S-MAC. Then, each MAC entity performs LCP procedure independently with the divided PBR. In order to enforce fraction of PBR to each MAC entity, additional rule or signaling needs to be defined
Option 2: PBR serial enforcement:

· PBR is enforced serially for the series of LCP procedures performed in a TTI, regardless of whether the LCP procedure is performed within a MAC entity or across the different MAC entities. In order to exchange the information of remaining PBR, interaction between M-MAC and S-MAC is needed.
Between two options, it is hard to say that one is much better than the other. Each option has drawbacks while outputs similar results. However, signaling for PBR fractional enforcement would not be frequent as long as the PBR for M-MAC and S-MAC are not dynamically changed. 
We further look into the token bucket model for LCP procedure taking PBR enforcement into account. There can be two token bucket models: Separate token bucket model and common token bucket model. 

Option A: Separate token bucket model:

· For the logical channels of one radio bearer, M-MAC and S-MAC have separate token bucket and BSD. Accordingly, the separate token bucket model is suitable for PBR fractional enforcement. 

Option B: Common token bucket model:

· For the logical channels of one radio bearer, M-MAC and S-MAC share the token bucket and BSD. Thus, common token bucket model is suitable for PBR serial enforcement. 
With a separate token bucket model, current LCP procedure can be used as it is as long as the fractional PBR is provided to each MAC entity. With a common token bucket model, however, LCP procedure needs to be changed to consider PBR enforcement across different MAC entities and it may not be easy to describe a common token bucket model in the specification. Moreover, if PDCP data is restricted to be transmitted to one MAC entity [2], PBR is enforced only in one MAC entity (100:0 PBR enforcement), and common token bucket model is not suitable in this case. Therefore, PBR fractional enforcement with separate token bucket model is slightly preferred. 
Proposal 2. For UP architecture 3C, PBR is fractionally enforced in each MAC entity with a separate token bucket model.  
3 Conclusions
In this contribution, we discussed LCP operation in dual connectivity and propose the followings:
Proposal 1. When the UE has a dual connectivity, the legacy LCP procedure is independently performed in each MAC entity. 
Proposal 2. For UP architecture 3C, PBR is fractionally enforced in each MAC entity with a separate token bucket model.  
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