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Discussion and Decision
1      Introduction
In RAN2#83bis meeting, number of MAC entities for dual connectivity was discussed in [1]. There was no decision on this topic, however the agreements on MAC aspects (DRX, RACH, BSR) implies independent MeNB and SeNB operations due to non-ideal backhaul delay. In additiona, RAN2 also reached the following agreements:
	· MCG (Master Cell Group) is the group of serving cells associated with the MeNB. 

· SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB.

· In Dual Connectivity a UE is connected to one MeNB and one SeNB.


In this contribution, we focus on the number of MAC entities per UE for dual connectivity.
2      Discussion
2.1     Number of MAC entities
In current system (including carrier aggregation), there is only one MAC entity per UE. From the agreed UP architectures 1A and 3C, it is clear that there are two MAC entities for each UE at network side. Although it is preferable that there is only one MAC entity in UE side for simplicity, it seems that having multiple MAC entities per UE is a natural consequence of independent MAC operations (e.g. DRX, RACH, BSR) towards MCG and SCG.
There are also additional aspects supporting multiple MAC entities per UE.
RRC signaling
Below is the IE MAC-MainConfig in Rel-11. As discussed above, many MAC layer functionalities (e.g. DRX, BSR, PHR) may operate independently for MCG and SCG. Therefore a natural way to capture such independent operation is to signal a separate MAC configuration for SCG, which corresponds to two MAC entities (one for MCG, the other for SCG). With two MAC entities, it is rather straightforward to describe MAC reconfiguration/release for SCG. 
MAC-MainConfig ::=




SEQUENCE {


ul-SCH-Config





SEQUENCE {



maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8,













n10, n12, n16, n20, n24, n28,













spare2, spare1}

OPTIONAL,
-- Need ON



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, sf64, sf80,













sf128, sf160, sf320, sf640, sf1280, sf2560,













infinity, spare1}
OPTIONAL,
-- Need ON



retxBSR-Timer





ENUMERATED {













sf320, sf640, sf1280, sf2560, sf5120,













sf10240, spare2, spare1},



ttiBundling






BOOLEAN


}















OPTIONAL, 
-- Need ON


drx-Config






DRX-Config




OPTIONAL,
-- Need ON


timeAlignmentTimerDedicated


TimeAlignmentTimer,


phr-Config






CHOICE {



release







NULL,



setup







SEQUENCE {




periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200,
















sf500, sf1000, infinity},




prohibitPHR-Timer




ENUMERATED {sf0, sf10, sf20, sf50, sf100,

















sf200, sf500, sf1000},




dl-PathlossChange




ENUMERATED {dB1, dB3, dB6, infinity}



}


}















OPTIONAL,
-- Need ON


...,


[[
sr-ProhibitTimer-r9




INTEGER (0..7)


OPTIONAL
-- Need ON


]],


[[
mac-MainConfig-v1020



SEQUENCE {




sCellDeactivationTimer-r10


ENUMERATED {














rf2, rf4, rf8, rf16, rf32, rf64, rf128,














spare}


OPTIONAL,
-- Need OP




extendedBSR-Sizes-r10



ENUMERATED {setup}

OPTIONAL,
-- Need OR




extendedPHR-r10





ENUMERATED {setup}

OPTIONAL
-- Need OR



}














OPTIONAL
-- Need ON


]],


[[
stag-ToReleaseList-r11



STAG-ToReleaseList-r11
OPTIONAL,
-- Need ON



stag-ToAddModList-r11



STAG-ToAddModList-r11
OPTIONAL,
-- Need ON



drx-Config-v1130




DRX-Config-v1130

OPTIONAL
-- Need ON

]]

}

MAC reset
When UE is dual connected with MeNB and SeNB, and SeNB is switched to another SeNB, UE needs to perform MAC reset operation. This can be easily done for two MAC entities. Although it can be also implemented with one MAC entity by introducing a sub-MAC entity for SCG, it is essentially a two MAC entity approach. 

Based on above discussion, it is proposed that
Proposal 1: RAN2 to agree that two MAC entities per UE are used for dual connectivity.  

2.2     Coordination between MAC entities

Coordination between MAC entities might be needed for some MAC layer operations in uplink.

RACH
This is mainly related to parallel RACH operation is discussed in [2].
Logical channel prioritization

Coordination is needed when bearer split (i.e. user plane architecture option 3C) is used. As discussed in [3], if UL bearer split is supported or RLC STATUS PDU is transmitted to corresponding eNB in DL bearer split, LCP coordination between MAC entities are needed. It should be noted that from LCP perspective, there is no difference between RLC STATUS PDU and RLC data PDU. There are several aspects related to LCP.
· Currently the UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. The UE shall decrement Bj by the total size of MAC SDUs served to logical channel j. Since UL transmission is handled by each MAC entity separately, the maintainance of variable Bj should be done jointly.
· When logical channel j is split in UL and UE is schedule simultaneously by MeNB and SeNB in the same subframe, one obvious restriction is that the aggregated resources for logical channel j should not exceed the available data. In addition, Rel-11 LCP specifies that “Logical channels configured with equal priority should be served equally”, and disucssion is needed on how to implement such rule in case of UL bearer split.
Proposal 2: RAN2 to discuss the coordination of MAC entities for areas like RACH and LCP.  

3      Conclusion
In this contribution, we discuss the MAC entity aspect and propose the following. 
Proposal 1: RAN2 to agree that two MAC entities per UE are used for dual connectivity.
Proposal 2: RAN2 to discuss the coordination of MAC entities for areas like RACH and LCP.
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