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1 Introduction

In the last RAN2 meeting and during the email discussion, the expected challenges for small cell enhancements were discussed. In our view, to address at least challenges such as increased signaling load due to frequent handover and difficulty to improve per-user throughput by utilizing radio resources in more than one eNB, support of dual connectivity is a good and feasible candidate solution.
Looking at the contributions submitted in the last RAN2 meeting, there are many ways realizing dual connectivity.

· CN split vs. RAN split

· Control/User Plane split

· UL/DL split

As explained in [1], we think that it is an attractive way to split User Plane for both UL and DL in RAN while Control Plane is centralized in one node (i.e., the eNB controlling the macro cell).
This document tries to focus on possible options for radio protocol stack that can realize this way and summarize the potential RAN impacts of each option.
2 Options for User Plane Protocol Stack
For User Plane split in RAN, as shown in many contributions in the last RAN2 meeting, there are basically four options according to the current radio protocol stack.
· Option1. Splitting above PDCP 

· Option2. Splitting between PDCP and RLC

· Option3. Splitting between RLC and MAC

· Option4. Splitting between MAC and PHY
It is noted that in this document, as explained in [1], the DRB for the best-effort traffic (hereafter, BE-DRB) which is delay tolerant flows to the eNB controlling small cells (hereafter, SeNB) and SRB and DRB for real-time traffic (hereafter, DRB) flow to the eNB controlling the macro cell (hereafter, MeNB).

2.1 
Option1. Splitting above PDCP
This option splits User Plane above the PDCP and therefore entire User Plane protocol stack from PDCP to PHY is located in the SeNB, see figure 1.
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Figure 1: splitting above PDCP
In this option, following impacts would be foreseen.
· PDCP

· Multiple security keys
· Because the security function is performed in PDCP, having different PDCP entities in different eNBs means that the UE has to maintain two different security keys, i.e. one for MeNB and the other for SeNB.
· RLC

· No impacts are foreseen at this moment.

· MAC
· Separate MAC

· Because there are different schedulers in different eNBs, managing separate MAC layer for SeNB may be needed, e.g. when the small cell is added, removed and modified. Also, separate MAC layer for SeNB may need to perform its functions independently from the MAC layer for MeNB.
2.2 
Option2. Splitting between PDCP and RLC
This option splits User Plane between PDCP and RLC and therefore User Plane stack from RLC to PHY is located in the SeNB, see figure 2.
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Figure 2: splitting between PDCP and RLC
In this option, following impacts would be foreseen.

· PDCP

· PDCP re-establishment
· When a small cell is added/removed, the RLC entity of the network side is changed from/to MeNB to/from SeNB while the PDCP entity is maintained in the MeNB and the UE. Since there could be outstanding RLC PDUs at the time of small cell addition/removal, a special mechanism like “data handling at handover” should be applied to PDCP to minimize packet loss. That is, the PDCP entity needs to be re-established at small cell addition/removal, i.e. the receiver side performs PDCP SDU reordering, and the transmitter side performs PDCP SDU retransmission.

· RLC

· RLC re-establishment
· In the receiver side, the RLC entity may need to deliver all correctly received RLC SDUs to the PDCP entity before it is removed. This behavior is like the RLC re-establishment procedure performed at handover.
· MAC

· Separate MAC
· Because there are different schedulers in different eNBs, managing separate MAC layer for SeNB may be needed, e.g. when the small cell is added, removed and modified. Also, separate MAC layer for SeNB may need to perform its functions independently from the MAC layer for MeNB.

2.3 
Option3. Splitting between RLC and MAC
This option splits User Plane between RLC and MAC and therefore User Plane stack from MAC to PHY is located in the SeNB, see figure 3.
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Figure 3: splitting between RLC and MAC
In this option, following impacts would be foreseen.

· PDCP
· No impacts are foreseen at this moment
· RLC
· RLC segmentation
· Due to the non-ideal backhaul between MeNB and SeNB, close MAC-RLC interaction is not possible. It means that the RLC entity in the MeNB cannot perform framing based on the indication from the MAC layer in the SeNB. In this case, what the RLC entity can do is to just perform framing with a pre-configured PDU size.
· MAC
· Separate MAC

· Because there are different schedulers in different eNBs, managing separate MAC layer for SeNB may be needed, e.g. when the small cell is added, removed and modified. Also, separate MAC layer for SeNB may need to perform its functions independently from the MAC layer for MeNB.

· MAC segmentation

· As explained above, the RLC entity in the MeNB can output RLC PDUs only with a fixed size. Then, the MAC layer in the SeNB may need to perform segmentation to be suitable for SeNB’s radio condition.

2.4 
Option4. Splitting between MAC and PHY
This option splits User Plane between MAC and PHY and therefore User Plane stack from MAC to PHY is located in the SeNB, see figure 4.
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Figure 4: splitting between MAC and PHY
In this option, following impacts would be foreseen.

· PDCP

· No impacts are foreseen at this moment.

· RLC

· No impacts are foreseen at this moment
· MAC
· Separate MAC

· Because there are different schedulers in different eNBs, managing separate MAC layer for SeNB may be needed, e.g. when the small cell is added, removed and modified. Also, separate MAC layer for SeNB may need to perform its functions independently from the MAC layer for MeNB.

· Entire MAC functions

· Because MAC requires very tight connection with PHY, entire functions such as HARQ operation, scheduling, TA maintenance, random access may be affected by using non-ideal backhaul. 
3 Summary and Conclusions

In this contribution, with following assumptions, we tried to summarize expected impact for User Plane protocol stack options for dual connectivity, see following table 1.
Assumptions:

· User Plane is split in RAN

· DRB for the best-effort traffic flows to the eNB controlling small cells (SeNB).

· SRB and DRB for real-time traffic flow to the eNB controlling the macro cell (MeNB).
Table 1: Comparison of User Plane protocol stack options for dual connectivity

	
	Option1.

Splitting above PDCP
	Option2.

Splitting between PDCP and RLC
	Option3.

Splitting between RLC and MAC
	Option4.

Splitting between MAC and PHY

	PDCP impacts
	Multiple security keys
	PDCP re-establishment
	
	

	RLC impacts
	
	RLC re-establishment
	Fixed size RLC PDU
	

	MAC impacts
	Separate MAC in SeNB
	Separate MAC in SeNB
	Separate MAC in SeNB
MAC segmentation
	Separate MAC in SeNB
Entire MAC functions 


Among options above, we think the Option4 is the worst because this option affects entire MAC functions.

The Option3 is also not worth to be considered because introducing segmentation functionality in MAC is not an easy task, and the same functionality is already available in RLC.

The Option1 may be easy to implement in PDCP layer, but it has serious impacts in RRC to manage different security keys for different RBs.
Therefore, we think Option2 is the best option for dual connectivity. Though this option requires additional functionality such as PDCP and RLC re-establishment at small cell addition/removal, it will not be so difficult as similar functionality is already supported by legacy PDCP and RLC protocols.
Proposal: it is proposed to investigate splitting between PDCP and RLC as User Plane protocol stacks for dual connectivity.
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