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1 Introduction
In this contribution, MAC modelling aspects of user plane aggregation are discussed. RAN2 has agreed to progress with UP architectures 1A and 3C. It is clear that for these UP architectures, two different MAC entities are needed in the network side. However, for the UE side modelling, two different alternatives exist: Either the UE has single MAC entity or the UE maintains two different MAC entities. In this contribution, those alternatives are evaluated and a way forward proposed. 
2 Discussion
When evaluating different options of MAC modelling in the UE side, it is good to consider the different procedures the MAC is providing. The main procedures and relation to user plane aggregation are following:
1. Multiplexing/demultiplexing

· The purpose multiplexing/demultiplexing function is to multiplex MAC SDUs from one or different logical channels onto transport blocks to be delivered to the physical layer on transport channels or demultiplex of MAC SDUs from one or different logical channels from TBs delivered from the physical layer on transport channels.
· In user plane aggregation, it should be made sure that MAC SDUs corresponding to a logical channel associated with a certain eNB are also mapped to the physical layer channels and grants of this same eNB. 
· Furthermore, it should be made sure that for split bearers, MAC SDUs due to RLC status reports are mapped to the correct eNB where the RLC entity is located.

2. Logical channel prioritization (LCP):

· LCP is the subtask of multiplexing and demultiplexing functionality. The purpose here is to select MAC SDUs from different logical channels as well as MAC CEs to be transmitted with the grant provided by the physical layer for uplink direction. 

· For the eNB specific bearers, logical channel prioritization is straightforward. As stated for multiplexing/demultiplexing functionality, MAC SDUs of a logical channel should be mapped to the grants provided by the corresponding eNB. 

· For the split bearers, logical channel prioritization needs more consideration. For each radio bearer, there is a Prioritized Bit Rate (PBR) configured. The UE allocated grants to the logical channel to according to this bitrate. When the logical channel is mapped to multiple eNBs, it should be made sure that this split bearer uses radio resources over two eNBs corresponding to the PBR but not more.
3. BSR

· We discuss the principles for BSR reporting more in [3]. In short, it should be made sure that BSR due to traffic of a certain radio bearer is sent towards the eNB to which the corresponding bearer belongs to. For split bearers, selection of the eNB could be fixed based on the RRC configuration.

4. DRX

· RAN2 has agreed independent DRX operations for each eNB as the baseline.

5. Random access

· RAN2 has agreed that Msg2 is received from the eNB to which the preamble was sent. Some details like whether or not parallel RA procedures should be supported are still open, but it can be assumed that random access procedures in the MeNB and the SeNB are rather independent.
In addition, there is some functionality that can also be the impacted by user plane aggregation:

1. TTI bundling

2. Semi-persistent scheduling

3. SCell activation/deactivation (this is discussed further in [2])
2.1 One MAC entity

In this subsection, the alternative where there is one MAC entity per UE is studied. In Figure 1, one MAC entity for the UE side is drawn. In the figure, there are 3 types of bearers and all bearers are allocated with different logical channel identities as well as logical channel groups. 
The benefits of one MAC entity are:
1. Follows existing specification where we have one single MAC entity for the UE even there are multiple serving cells
2. Interactions between procedures towards the MeNB and SeNB are easy to model. This is helpful especially for split bearers which are transmitted over multiple eNBs. For example, PBR of the split bearer can be single value and easily maintained with the single MAC entity

The drawbacks of one MAC entity are:

1. As many procedures in the MeNB and SeNB side are independent, using only one MAC entity brings lots of complexity to that entity and the specification. For example, separate DRX timers and DRX state should be introduced. Also modelling of Random Access processes can be challenging.
2. There is potentially lack of identifiers like LCHs and especially LCGs as those identifiers should be shared over multiple eNBs.
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2.2 Two MAC entities

In Figure 2 multiple MAC entities are illustrated, named m-MAC for the MeNB and the s-MAC for the SeNB. Bearers are either mapped to the m-eNB or the s-eNB or both. As is shown in the figure, the split bearer is known both by the m-eNB and the s-eNB entity. With this model it is possible to reuse logical channel identifiers and groups.   
[image: image2.png]MeNB bearer Split bearer SeNB bearer

PDCP PDCP PDCP
RLC m-RLC | [ s-RLC RLC
LCH1 LCH2 LCH1 LCH2
LCG1 LCG2 LCG 1 LCG 2

m-MAC s-MAC





This model has the following benefits:
1. Modelling of independent function is straightforward. For example, specification for DRX and RA can be directly reused.
2. More identifiers (like LCHs and LCGs) are available without changing header formats. Thus, there is more flexibility in the configurations and also in the way how logical channel mapping and BSR mapping is modelled.
Multiple MAC entities have following shortcomings:
1. New model is introduced to the current specifications and UE implementations. A fixed mapping is needed between the MAC entities and the logical channels and radio bearers.
2. Modelling of interactions can be difficult. This is challenging for split bearers as well as power control related issues. For example, PRB value for the bearer should be calculated over multiple MAC entities. Also power issues are common.
Even though there are some complexities with multiple MAC entities, we believe that those issues are easier to solve than the issues with one MAC entity. Thus we make the following proposal:
Proposal 1 Introduce separate MAC entities for the MCG and SCG
To make this model to work, a static mapping should be introduced between MAC entities and the radio bearers (and logical channels). The static mapping should be controlled with RRC.

Proposal 2 Configure the mapping between the radio bearers (and logical channels) and MAC entities with RRC.
2.3 PCell in the MAC layer

In this subsection we study if there should be one or multiple PCells per UE from the MAC point of view. In the current MAC specification, the following procedures are impacted by the existence of PCell/SCells:
a. Contention based random access procedure is only on PCell. However, introducing contention based random access for the SeNB has been agreed as the baseline. 

b. Semi-persistent scheduling is only on PCell. It could be assumed that SPS could be useful also in the SeNB even not necessary.
c. HARQ for  broadcasted system information is only for the PCell. Need of this operation depends on if the UE acquires System Information of the SeNB from the broadcasted channel. 
d. Random access when no D-SR resources are available or SR_COUNTER has been exceeded is triggered for PCell. In dual connectivity case, it could be assumed that triggering RA towards SeNB in this type of scenario is needed.
e. PHR related to PUCCH is triggered only for the PCell. As it is assumed that there will be PUCCH also in the SeNB, then also PHR for that channel is needed in the SeNB.
f. Paging reception on PCH is only in the PCell. Actual paging could be only in the MeNB but the UE may needs to monitor paging for System Information modification changes if SI acquisition is supported in the SeNB.
g. Activation/deactivation is not used for the PCell as PCell is always activated. For the SeNB, it could be useful that always one cell is activated. This is discussed more in [2].
As the summary, many of the procedures that are now only for the PCell are needed for the SeNB. Thus, from the MAC specification point of view, it would be useful to have one PCell-like serving cell for each UE per eNB. If the PCell of the SeNB is called PCell, SCAG-SPCell or something else, can be discussed in Stage-3 phase.
Proposal 3 Introduce a PCell-like serving cell for the SCG (and the MCG) from a MAC point of view
3 Conclusion
In this contribution, we have evaluated the modeling aspects of MAC and made the following proposal:
Proposal 1
Introduce separate MAC entities for the MCG and SCG
Proposal 2
Configure the mapping between the radio bearers (logical channels) and MAC entities with RRC.
Proposal 3
Introduce a PCell-like serving cell for the SCG (and the MCG) from a MAC point of view
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Figure � SEQ Figure \* ARABIC �2�. Separate MAC entities for the MeNB and the SeNB
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