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1 Introduction

In this contribution, the detailed issues in MAC layer for small cell enhancement are discussed and the corresponding solutions are proposed. 
2 Discussion

Single or Dual MAC Entities

For option 1A, it is a straightforward way to have dual MAC entities at the UE side. Each MAC entity in either the MeNB or SeNB will have a peer entity for communication at the UE side. Since it aligns to the current protocol architecture, the MAC functionalities and procedure can be largely reused. 

For option 3C with bearer splitting, no matter single or dual MAC entity is implemented, a controller is required to decide to eNB the SR should be transmitted, how to partition the buffer size for BSR reporting to each eNB and how to split each radio bearer with separate data amount when performing LCP. Single or dual MAC entities make little difference from this aspect.  Considering the main functionality of MAC layer is scheduling, which is performed independently by the MAC entities at the network, it’s more logical to have dual MAC entities to obtain the benefit of independency. 

Proposal 1: Dual MAC entities will be implemented at the UE side. 

The possible structure for dual MAC entities for the UE side is illustrated in Figure 1. There are two MAC entities, i.e. MAC-m and MAC-s, communicating with MeNB and SeNB respectively. The interaction between the two MAC entities may be required for certain MAC functionalities. 

Proposal 2: Capture the Figure below for Dual MAC entities in the TR. 
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Figure 1 Dual MAC entities at the UE side
BSR

It has been agreed that for eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to. For the alternative with bearer splitting, we think the same principle should be applied, i.e. UE can report BSR directly to SeNB for UL scheduling. 

Proposal 3: For bearer splitting, UE can report BSR directly to SeNB. 

For bearer splitting, if UE reports BSR directly to SeNB, the problem is how to report the same buffer status to different eNBs. Since multiple schedulers residing in different eNBs performs UL scheduling in a relatively independent way, assuming that very infrequent and limited information related to the UE buffer status would be exchanged between them.

If UE always reports its current buffer status to both of the schedulers, which reflects the buffer status after all MAC PDUs have been built for this TTI, it can be considered that UE actually requests double resources for the same amount of data available for transmission. So UE will be over-satisfied by the UL grant allocated by the independent schedulers. The case of over-allocation of UL radio resources will occurs very frequently due to the inaccuracy of the reported BSR. If UE doesn’t have as much data available as the amount reported in the BSR, padding will be included, which will result in large resource wastage. How to avoid resource over-allocation needs to be considered for BSR reporting. 

If UE initially reports its current BSR to only one eNB, there is a risk that the UL resources are always allocated by the eNB. There is no opportunity for the other eNB to obtain the buffer status information from the UE unless it gives UL radio resources blindly. But in this case, BSR can be transmitted only if it has been triggered beforehand. 

Proposal 4: For bearer splitting, BSR reporting should avoid radio resource over-allocation, e.g. requiring double radio resource from both MeNB and SeNB for the same amount of data. 

Activation and deactivation

During last RAN2 meeting, it has been agreed that carrier aggregation is supported in the MeNB and in the SeNB, i.e., the MeNB and the SeNB may have multiple service cells for a UE. MCG (Master Cell Group) is the group of serving cells associated with the MeNB and SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB. 

SCell activation/deactivation in the same cell group, i.e. MCG or SCG can be handled in the same way as intra-eNB CA. It requires that a particular serving cell, similar as Pcell is always in the status of activation. So the gain of fast status switching for other serving cells in the same cell group can be achieved. Otherwise, the whole cell group can’t perform both DL and UL transmission. 

Proposal 5: A particular cell which is configured for SeNB can’t be deactivated. Other cells associated to SeNB can be activated/deactivated in the same way as intra-eNB CA. 

SR

For option 1A, SR triggering and reporting can be performed independently towards MeNB and SeNB. So SR can be sent to both MeNB and SeNB. For option 3C, UE has to decide to which eNB the SR should be sent, MeNB, SeNB or both depending on the amount of data arrival for transmission. In order to make the solution aligned for option 1A and 3C, SR transmission to both of the eNB should also be supported for option 3C. 

Proposal 6: UE can send SR to both of the eNBs for both option 1A and 3C. 
3 Conclusion
In this contribution, the detailed issues in MAC layer for small cell enhancement are discussed and the corresponding solutions are proposed. 
Proposal 1: Dual MAC entities will be implemented at the UE side. 

Proposal 2: Capture the Figure below for Dual MAC entities in the TR. 
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