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1      Introduction
In recent RAN2 meetings, the user plane and control plane architectures for dual connectivity were discussed [1]. However, there is little discussion on MAC layer aspects like RACH and DRX. Contribution [2] discussed possible stage-3 MAC/RRC issues. In the way forward contribution for small cell work discussed in RAN plenary #61 [3], examples of technical topics not impacted by the user plane architecture decision (including both control plane and user plane) are listed. Since protocol split is done above MAC in all the user plane architecture options (1A/2A/2C/3C/3D), the discussion for MAC layer, in general, does not depend on user plane architecture selection. In this contribution, we present our views on MAC layer aspects.
2      Discussion
2.1     MAC architecture

In [2], multiple MAC entities were discussed. In current system (including carrier aggregation), there is only one MAC entity per UE. It is preferable that there is only one MAC entity for dual connectivity, unless there is strong technical reason to support multiple MAC entities.

Proposal 1: RAN2 to confirm that single MAC entity per UE is used for dual connectivity.  
If there is a single MAC entity per UE, [2] points out that LCID needs to be allocated consistently between SeNB and MeNB. It should be noted that the situation for user plane option 3C/3D is somehow complicated here. For option 3C/3D, one EPS bearer is split and is transmitted from two eNBs. As show in Figure 1 below [4], for a single EPS bearer, there are two RLC entities. With a single MAC entity, if same LCID is used for the EPS bearer, MAC entity does not know to which RLC entity the PDU should be delivered. Therefore different LCIDs should be used for a single radio bearer in case of Option 3C/3D.

Observation 1: different LCIDs should be used for a single radio bearer in case of Option 3C/3D if single MAC entity per UE is used.
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Figure 1: UE protocol architecture for Option 3C/3D

2.2     DRX
In Rel-10 CA, common DRX related timers are used for all serving cells and the Active Time is common for all serving cells. It is possible in Rel-10 CA because the UE and the eNB exactly know the PDCCH reception and HARQ process status of all serving cells. However, it may not be possible in dual connectivity because of the long delay in Xn interface. For example, the inActivityTimer is started with initial DL or UL grant. When initial UL or DL grant is transmitted from MeNB, the SeNB cannot know until it is informed by MeNB (say after 10 or 20ms). Therefore, it is almost impossible to synchronize the Active Time in dual connectivity with the current DRX operation specified in Rel-10 CA.  
There are basically two options to handle DRX operation for dual connectivity.

· Option 1: common DRX operation in UE side and Active Time for all serving cells remains the same as the current LTE operation. In this option, the UE treats PDCCHs from different eNBs as if it is from the same eNB. To be synchronized on the Active Time between eNBs, the eNBs need to exchange its scheduling behavior over Xn interface. However, considering that scheduling is performed faster compared with Xn interface delay, it is challenging to synchronize eNB on the interpretation of Active Time. 

· Option 2: DRX is managed independently in multiple serving cells. The Active Time is managed independently. DRX related parameters may or may not be the same for MeNB and SeNB. The UE might monitor PDCCHs in different subframes depending on serving cells in different eNBs. This option is easier to implement and is not sensitive to backhaul latency. However, the principle of this option is different from existing DRX behavior of CA. In addition, UE power saving might be impacted due to independent DRX operation.
Proposal 2: RAN2 to discuss DRX operation in dual connectivity.
2.3     Random access
In dual connectivity, UL CA capable UEs needs to perform random access to SeNB e.g. for timing advance. In current CA, RAR is always sent from PCell. For dual connectivity, there are two options:

· Option 1: RAR is transmitted from SeNB directly. In this option, UE needs to monitor PDCCH of SeNB in common search space for RAR reception. This option is different from current CA principle; however it has the benefit of less delay for RAR reception. It should be noted that even for this option, MeNB might also need to get RACH detection status, e.g. in the procedure when pico eNB is added as SeNB. This can be done by either UE reporting or SeNB notification.
· Option 2: RAR is transmitted from MeNB. In this option, SeNB performs Random Access Preamble detection and reports the detected Random Access Preamble to MeNB via Xn signaling. Then RAR is still transmitted from MeNB. In this option, same principle as Rel-10 CA is maintained. However, there is additional delay for RAR reception.
Proposal 3: RAN2 to discuss how random access procedure to SeNB is handled.
2.4     Buffer status report (BSR)
Currently short BSR is only for highest priority channel, which is not optimized for dual connectivity UEs which are UL CA capable because MeNB and SeNB will have independent UL schedulers, which is different from Rel-10 CA.
Especially if UL bearers are not split between MeNB and SeNB, each UL bearer is only handled by one eNB. In that case, it is desirable that UE transmits BSRs to corresponding eNB independently. Since BSR is controlled by timers like retxBSR-Timer, and periodicBSR-Timer, MeNB and SeNB might need separate timers due to independent BSR operation.
If UL bearer split is supported, it is desirable that both MeNB and SeNB get the BSR information. This can be done by that UE transmits BSR to both eNBs, or UE only transmit BSR to one eNB and BSR information is then forwarded to the other eNB. In both cases, there are increased signaling load (either in air interface or in Xn interface). In addition, the BSR information may not be accurate because one eNB does not know how much uplink resource is scheduled in the other eNB. 
Proposal 4: RAN2 to discuss short BSR operation for dual connectivity.
2.5     Power headroom report (BSR)
It was proposed in [2] that the power headroom of serving cells is reported to the corresponding eNBs. Since PHR is mainly useful for the corresponding cell performing the scheduling, transmit PHR to the corresponding eNB independently can avoid the backhaul latency. 

Proposal 5: RAN2 to confirm that UE should send PHR of serving cells to corresponding eNBs. 
3      Conclusion
In this contribution, we discuss the MAC layer aspects and propose the following. 
Observation 1: different LCIDs should be used for a single radio bearer in case of Option 3C/3D if single MAC entity per UE is used.
Proposal 1: RAN2 to confirm that single MAC entity per UE is used for dual connectivity.
Proposal 2: RAN2 to discuss DRX operation in dual connectivity.


Proposal 3: RAN2 to discuss how random access procedure to SeNB is handled.
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Proposal 4: RAN2 to discuss short BSR operation for dual connectivity.

Proposal 5: RAN2 to confirm that UE should send PHR of serving cells to corresponding eNBs.
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