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1 Introduction
At last RAN2#83bis meeting one document [1] about MAC model is discussed but however not concluded. This paper analyses this issue again based on progress made so far in RAN2 and basically prefer to have two MAC entities within UE.
2 MAC configuration
MAC configuration is closely related to the channel condition, UE capability, eNB’s capability and required CQI of radio bearer. Considering these aspects would be quite different between MeNB and SeNB, it is reasonable to assume that MAC configuration i.e MAC-MainConfig  on SeNB would be completely different from MeNB. One example is DRX configuration as agreed at last RAN2 meeting. If there is only MAC entity, then this MAC entity need to maintain two sets of MAC parameters. 
Normal MAC layer will be reset during handover or re-establishment. In case radio link failure on SeNB occurs it seems not possible to trigger re-establishment for whole UE because radio link between UE and MeNB could be quite normal and should not be interrupted. One simple approach is to reset UP protocol including MAC layer on SeNB. If there is only one MAC entity, kind of partial MAC reset need be introduced. 

For both cases, if there are two MAC entity, then reconfiguration and reset of MAC layer could be done separately.

Observation1: two MAC entities make MAC reset and reconfiguration easier compared to one MAC entity.

3 MAC functionality
3.1 BSR, LCP and SR

At last meeting it is eNB-specific BSR should be reported to corresponding eNB. For solution 1A, this means BSR operation is independent between MeNB and SeNB. Once BSR is separated, corresponding LCP and SR is also separated. So for solution 1A, two MAC entities approach is simpler.
As analysed in [2] uplink bearer split should be supported. So some scheme need be introduced to resolve BSR report issue. In [2] one feasible and reasonable approach is also proposed. If there is only one MAC entity, then algorithm about shared BSR will be run within one MAC entity. But still two sets of logical channel groups are need considering not all the radio bearer will be split. If there are two MAC entities, then it is easier to configure two sets of logical channel groups. But also some coordination between two MAC entities is needed. Considering the coordination is mainly to report BSR to both MeNB and SeNB, it could not be a complicated step.
Observation2: for UP 1A two MAC entities approach is simpler

Observation3: for UP 3C there is both pro and con for one or two MAC entities approach, but two MAC entity is simpler approach.
3.2 RACH, DRX, PHR, ACTIVATION/DEACTION

In [3] it is proposed both contention-based RACH and non-contention based RACH should be supported. But also some coordination between MeNB and SeNB is needed i.e. no parallel RACH procedure should be allowed.

Configuration and operation of DRX could be independent between MeNB and SeNB considering typical use case is inter-band inter-eNB carrier aggregation. [3]

Trigger configuration and operation of PHR should be also decoupled between MeNB and SeNB. However in order to save delay over Xn, reporting to both MeNB and SeNB is proposed also in [3]. So some kind of coordination between MeNB and SeNB in UE side is also needed.

[3] also proposed activation/deactivation for serving cell on SeNB considering otherwise more signalling towards CN will be introduced for UP 1A . Such scheme can  save few 10ms delay both for 1A and 3C. So it seems two MAC entity could be a bit easier way.

Observation4: for RACH and PHR two MAC entities approach is simple although some coordination between two MAC entities is needed

Observation5: for DRX and activation/deactivation, two MAC entities approach is simple
3.3 Detail comparison table

	MAC fucntionality
	 one MAC
	two MAC

	Muxing/Demuxing
	Restriction on LCH id allocation
	LCH/(DL/UL)-SCH mapping should be explicitly configured

	MAC reset
	If  MAC reset is needed for SeNB e.g. due to RLF, then partial MAC reset is needed.
	MAC reset can be done for SeNB separately

	MAC reconfiguration
	partial MAC reconfiguration for SeNB is needed
	MAC reconfiguration can be done for SeNB without touching MAC configuration of MeNB

	Logical channel prioritization
	LCP per ENB is required.
	LCP per ENB is required. Since one eNB is mapped with one MAC entity, it would be easier to specify. 

	Scheduling Information Reporting
	SI may need to be transmitted to each ENB. For 3C scheme for shared PDCP buffer can be managed within one MAC entity
	SI may need to be transmitted to each ENB. Since a MAC entity corresponds to an ENB, it would be easier to specify. Some coordination between MAC entity maybe needed for 3C solution

	Random Access
	RACH procedure can be triggered on both MeNB and SeNB. Coordination between MeNB and SeNB can be done within one MAC entity
	Coordination between MAC entities  may be needed i.e. no parallel RACH should be triggered

	Discontinuous Reception
	Active Time may need to be defined per ENB.
	Active Time may need to be defined per or ENB. Since a MAC entity corresponds to an ENB, it would be easier to specify

	PHR
	PHR trigger for SeNB should be defined separately
	PHR trigger can be operated separately for MeNB and SeNB. PHR report should be coordinated.

	Activation/Deactivation
	Act/Deact need to be interpreted per eNB
	Act/Deact need to be interpreted per eNB. Since one eNB is mapped with a MAC entity, it would be easier to specify. 

	Semi-Persistent Scheduling
	No difference. SPS is allowed only in PCell.

	MCH reception
	No difference. MCH reception on SCell is UE implementation

	Uplink timing maintenance
	No difference. uplink timing is anyway controlled per TAG


Table 1
4 Conclusion 
Based on analysis listed above:
Proposal: two MAC entities should be introduced

5 Reference
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