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1 Introduction

At the RAN2#81bis meeting [1], some agreements were achieved for solution directions for inter-site UP aggregation of small cell enhancement (high layer), the following are the agreements.
	Agreements
1
From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other. 

2
We assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3) 


In this contribution, our analysis are firstly based on Bearer split, and try to provide further considerations on alternatives of UP protocol and architecture in the context of Rel-12.
2 Discussion
2.1 Considerations for different level of bearer split
In [81bis#19] Email discussion [2], three main options are provided for different level of bearer split as follows.

· Option 1: S1-U terminates in MeNB and SeNB;

· Option 2: S1-U terminates in MeNB, no bearer split in RAN;

· Option 3: S1-U terminates in MeNB, bearer split in RAN.
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Fig 1: Three levels of Bearer split
For option 1, CN doesn’t have the load information of the cells, which can cover the UE. Hence, the load can not be shared well between the MeNB and SeNB. Futhermore, CN can not obtain the radio channel condition of cell deployed by eNB, in other words, channel condition of RAN is transparent to CN. In this case, it is hard for CN to select suitable eNB for specific bearer based on its QoS requirement. Meanwhile, CN needs to know UE’s mobility when UE changes small cell. Comparied to option 3, bearer can not be split over multiple eNBs. We think that option 1 can not provide good load banlance between eNBs, and restricts the flexibility of scheduling radio resource in dual connection.

Compared to option 1 and 2, EPS bearer split is only introduced in option 3. Although option 3 would increase user throughout by selecting path with better channel condition for data transmission, complexity of handling and implementation should be considered. Additional functionality for bearer split should be included in eNB, which would increase standard efforts and implementation complexity. Hence, we should carefully to investigate its gains and drawbacks in order to obtain good tradeoff. Obviously, the main benefit of option 3 is the increased user throughput and improvemen of link robustness when system load is low.
For option 2, it can be regard as the simplified mode of option 3, since bearer split is not available in option 2. Both option 2 and 3 can be used to hide SeNB mobility from CN due to MeNB handling bearers for SeNB.
Proposal 1: We suggest RAN2 to ask RAN3 to discuss impacts from above options, especially for option 1.

2.2 Consideration on User Plane Alternatives for S1-U terminates in MeNB
Meanwhile, in [81bis#19] Email discussion [2], four main options are discussed. Some further analysis and considerations are provided as follows.
1) Alt A: Independent PDCP
It is obvious that dual security should be deployed in Alt A due to two PDCP layer locating in both MeNB and SeNB. Furthermore, more processing load would exist in eNB (e.g. data forwarding and reordering data packet before PDCP), which implies that new layer/function may be deployed in MeNB. In other words,these charactistic limits flexibility of scheduling radio resource in dual connection.
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Fig 2: Alt A: Independent PDCP
2) Alt B: Master-Salve PDCPs
In current stage, it is not clear that how Master-slave PDCP works. Although we can assume that Alt B aims to limit impact of non-ideal backhual in PDCP layer’s scope and try to seperate non-time sensitive and time sensitive functions of PDCP between MeNB and SeNB, detail soulution for Alt B should be further studied to obtain full picture. 
Based on above assumption, we can firstly to analyze what PDCP functions can be seperated into MeNB and SeNB for UP in dual connectivity. As we know, PDCP functions mainly are Integrity protection and verification, Ciphering, ROHC and Maintenance of PDCP SN. Obviously, it is better to delpoy ROHC in MeNB to reduce signalling overhead through Xn. It is possible that Ciphering can be deployed in Master PDCP and Salve PDCP, or only in Master PDCP which has the benefit that centralized security can be handled in MeNB and only maintain single security key for UE. 

[image: image3.emf]MeNB

PDCP

SeNB

PDCP

S1

Xn

PDCP


Fig 3: Alt B: Master-Salve PDCPs
Proposal 2: Ciphering can be considerd to support in slave PDCP of SeNB for Alt B.
3) Alt C: Independent RLCs
As Fig 4 shows, for Alt C, only one PDCP layer is located in MeNB, which can achieve centralized security in MeNB and does not need to re-establish security when UE moves in the coverage of MeNB (e.g. continually add/remove/change SeNB). 
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Fig 4: Alt c: Independent RLCs
In this case, it is considered that higher processing load in MeNB for routing data to RLC of SeNB. We believe the main impact is the latency of non-ideal backhual beteween PDCP layer of MeNB and RLC layer of SeNB. Moreover, we can observe that handling of forwarding RLC SDU should be supported in master PDCP of MeNB, which increases processing load and complexity in MeNB.
Proposal 3: We kindly suggest RAN2 to ask RAN3 to discuss whether impact of non-ideal backhual can be minimized in Alt C.
4) Alt D: Master-Slave RLCs
As stated in UP Email discussion [2], RLC’s delay-critical functions need to be supported by the slave RCL at the SeNB. MeNB would generate readily built RLC PDUs in master RLC (with Sequence Number already assigned by the master) and forward them to slave RLC in SeNB. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism.

[image: image5.emf]MeNB

PDCP

SeNB

PDCP

RLC

S1

Xn

RLC


Fig 5: Alt c: Independent RLCs
However, it is still not clear that how Master-slave RLC works. Although we can assume that Alt D aims to limit impact of non-ideal backhual in RLC layer’s scope and try to seperate non-time sensitive and time sensitive functions of RLC between MeNB and SeNB, detail soulution for Alt D should be further studied to obtain full picture. 
Further, as we know, RLC functions mainly are such as concatenation/segmentation/reassembly, re-segmentation, ARQ, reordering, duplicate detection, etc. As we discussed in [81bis#19], a common view is achieved that the SeNB must at least support re-segmentation in RLC. It can be foreseen that ARQ and (re)segmentation should be supported in RLC, for sake of reducing non-ideal backhaul’s impact. In other words, ARQ is supported in slave-RLC in order to avoid retransmission of RLC PDU through non-ideal backhaul to MeNB, which is beneficial to reduce latency on ARQ retransmission. Moreover, we can observe that handling of forwarding data should be supported in master RLC of MeNB, which increases processing load and complexity in MeNB. Based on above considerations, we proposed that RAN2 would carefully reconsider how Alt D works and whether it has benefit to support ARQ and re-segmentation in slave RLC of SeNB for Alt D.
Proposal 4: We kindly suggest RAN2 to discuss whether ARQ and re-segmentation can be supported in slave RLC of SeNB for Alt D.
Finally, according to above analysis for these potential alternatives, it can be sumarrized that the lower layer where bearer split is performed, the more flexibility for data transmiision and more complexity for implementation in RAN.

Observation: The lower layer where bearer split is performed, the more flexibility for data transmiision and more complexity for implementation in RAN.
3 Conclusion
We suggest that following proposals are discussed and agreed:
Proposal 1: We suggest RAN2 to ask RAN3 to discuss impacts from above options, especially for option 1.
Proposal 2: Ciphering can be considerd to support in slave PDCP of SeNB for Alt B.

Proposal 3: We kindly suggest RAN2 to ask RAN3 to discuss whether impact of non-ideal backhual can be minimized in Alt C.
Proposal 4: We kindly suggest RAN2 to discuss whether ARQ and re-segmentation can be supported in slave RLC of SeNB for Alt D.
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