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1 Introduction

In the contribution, UE MAC architecture is discussed in the context of inter-ENB carrier aggregation. It would useful for the further stage-3 discussion if companies have the same MAC architecture in mind. 
2 Discussion
From the discussion on UP architecture options, it is clear that there are multiple MAC entities per UE in E-UTRAN side (i.e. one in MeNB and the other in SeNB). 
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Fig 1 L2 protocol architecture in NW
In UE perspective, having two MAC entities is new concept. The main function of MAC entity is multiplexing/ de-multiplexing of logical channels, which is transparent from the serving cell where logical channel data is transmitted and/or received. For this function (i.e. multiplexing/demultiplexing), single MAC entity would be enough. On the other hands, one can argue that since there are two MAC entities in the network side, it is logical to have two MAC entities in UE side as well.
Just for the discussion, let’s take an example of 1A. Single-MAC approach and Dual-MAC approach are described in figure 2.
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Figure 2
In UE perspective, single MAC approach may be more aligned with the current architecture (i.e. with DL-SCH and/or UL-SCH corresponds to a serving cell, MAC acts as the single mapping function between logical channels and serving cells). However with the introduction of inter-ENB CA, some MAC functions/procedures would be handled independently between ENBs which gives some motivation for dual-MAC approach. Table 1 shows the implication on them in terms of single or dual MAC approach.

<Table 1>
	
	single MAC
	dual MAC

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

	Random Access
	No need for coordination
	Coordination between MAC entities  may be needed

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

	Logical channel prioritization
	LCP per cell group (or ENB)  is required
	LCP per CA group (or ENB) is required. Since a CA group is mapped with a MAC entity, it would be easier to specify

	Scheduling Information Reporting
	SI may need to be transmitted to each ENB
	SI may need to be transmitted to each ENB. Since a MAC entity corresponds to an ENB, it would be easier to specify

	Discontinuous Reception
	Active Time may need to be defined per CA group (or ENB).
	Active Time may need to be defined per CA group (or ENB). Since a MAC entity corresponds to an ENB, 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

	Activation/Deactivation
	Act/Deact may need to be interpreted per CA group
	Act/Deact may need to be interpreted per CA group. Since a cell group is mapped with a MAC entity, it would be easier to specify


3 Conclusion
It is proposed to discuss both options and build a common understanding on the issue. Our view is that single MAC is more similar to the current MAC architecture while dual MAC may result in easier UE operation and less impacts to the specification.
Just for the discussion, example texts on DRX for each approach are presented in the Annex for comparison.

Annex A. Example Text on DRX if single MAC approach is used
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH of a cell group discontinuously using the DRX operation for the cell group specified in this subclause; otherwise the UE monitors the PDCCH for the cell group continuously. When using DRX operation for a cell group, the UE shall also monitor PDCCH of the cell group according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, onDurationTimer_scg, drx-InactivityTimer, drx-InactivityTimer_scg, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the longDRX-Cycle_scg, the value of the drxStartOffset, the value of drxStartOffset_scg  and optionally the drxShortCycleTimer, drxShortCycleTimer_scg, shortDRX-Cycle and shortDRX-Cycle_scg. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured for the MCG, the Active Time for the cell group includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer of DL HARQ process configured for the the cell group or mac-ContentionResolutionTimer of PCell (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH of PCell and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur on the cell group and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received from the cell group after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).

When a DRX cycle is configured for the SCG, the Active Time for the cell group includes the time while: 

-
onDurationTimer_scg or drx-InactivityTimer_scg or drx-RetransmissionTimer of DL HARQ process configured for the cell group or mac-ContentionResolutionTimer configured for the SCG serving cell (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH of [TBD] SCell and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur on the cell group and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received from the cell group after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).
When DRX is configured, the UE shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received from a cell group:

-
stop onDurationTimer of the cell group;
-
stop drx-InactivityTimer of the cell group.
**** Cut until the following part; Many changes are expected in the omitted part****
NOTE:
The same active time applies to all activated serving cell(s) of a cell group.

NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the UE should process it and restart the HARQ RTT Timer.

Annex B. Example Text on DRX if dual MAC approach is used

5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality per MAC entitythat controls the UE’s PDCCH monitoring activity on the corresponding cell group for the UE’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured for a MAC, the UE is allowed to monitor the PDCCH of the corresponding cell group discontinuously using the DRX operation specified in this subclause; otherwise the UE monitors the PDCCH of the cell group continuously. When using DRX operation for a MAC entity, the UE shall also monitor PDCCH of the cell group according to requirements found in other subclauses of this specification. RRC controls DRX operation of a MAC entity by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle for the MAC entity. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7). Following operations are performed per MAC entity unless specified otherwise.
**** Cut until the following part; No changes are expected in the omitted part****
NOTE:
The same active time applies to all activated serving cell(s) of a cell group.

NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the UE should process it and restart the HARQ RTT Timer.
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