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1. Introduction
Following an agreement that U-plane data split operations with and without bearer split are supported, asymmetric support between UL and DL was discussed at RAN2 #83bis [1]. That is, UL data of DRBs is carried on either the MeNB-UE link or the SeNB-UE link, while DL data of DRBs is carried on both of them. Such a restriction was not agreed at that time. This paper attempts to clarify how the asymmetric U-plane data split is supported. 
2. Discussion
2.1. UP Architecture for asymmetric UP data split
The proposal of asymmetric U-plane data split is motivated by supporting both data split options together in the tight Rel-12 time schedule. Rel-12 focuses on DL DRB splitting, while UL DRB splitting is deprioritised. To realise the selected U-plane architectures, Option 1A and 3C with the common protocol stack and configurations as much as possible, Option 1A is adopted to UL. In that case, not all of UL DRBs are delivered via MeNB, while all of DL DRBs are delivered via MeNB as illustrated in Fig.1. When an UL DRB is carried on the SeNB-UE link, the U-plane data is directly forwarded toward the S-GW as illustrated in Fig1(b). For each DRB to which DL splitting is enabled, the MeNB configures the Uu link (associated to either MeNB or SeNB) on which UL is delivered. This configuration is performed by RRC configurations. In other words, the UL data path is configured semi-statically rather than dynamic change, e.g., TDM based switching.
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Fig.1:
Asymmetric U-plane data split option

2.2. Analysis of protocol impacts
Radio protocol impacts on the asymmetric U-plane data split are analysed in this sub-clause.

· MAC

As has been pointed out in the recent meetings, the same BSR, SR and LCP mechanism as today can be reused for this scheme. In contrast, some of MAC features would be complicated for supporting UL DRB split, e.g., BSR split, SR handling, prioritisedBitRate x bucketSizeDuration split for LCP.
· RLC

In this scheme, to which link RLC control PDUs are delivered has to be clarified. For DL DRB splitting, RLC control PDUs are sent to the corresponding RLC entities, respectively, i.e., both MeNB and SeNB. This could occur simultaneously. In this case, BSR and SR for RLC control PDUs can still be sent separately if the associated MAC entity is different between the RLC entities in different eNBs. LCP can also be handled separately. For UL DRB (without splitting), RLC control PDUs are sent to either MeNB or SeNB where UL DRB is configured. In this case, BSR, SR and LCP handling is the same as the legacy releases. As such, no additional impact is foreseen in the RLC layer.
· PDCP

Likewise, to which link PDCP control PDUs are delivered has to be clarified. If the UL DRB is carried on the MeNB-UE link as in Fig.1(a), PDCP control PDUs are delivered between MeNB and UE directly for both directions. Since PDCP is located in the same eNB, the same mechanism as today can be used.
On the other hand, if the UL DRB is carried on the SeNB-UE link as in Fig.1(b), it is different as PDCP is located in different eNBs. For DL, PDCP control PDUs are sent to SeNB although data PDUs are sent from MeNB. For UL, PDCP control PDUs have to be sent from MeNB although data PDUs are received at SeNB. 

Up to Rel-11, the PDCP control PDU is used as follows [2]:
1) PDCP status report to indicate missing PDUs during handover.

2) To feedback header compression information.

In the dual connectivity operation, 1) is related to SeNB mobility. When SeNB is changed, to exchange DL data reception status, the UE will transmit PDCP status report upon completion of L2 re-establishment to the target SeNB, and the target SeNB needs to forward it to the MeNB. With regards to UL data reception status, the target SeNB needs to inform MeNB of the missing PDUs so that MeNB can issue a PDCP status report and deliver on the MeNB-UE link to the UE.
The same interaction could be considered for 2). However, it would affect to the header compression performance since the feedback is not up-to-date due to the non-ideal backhaul latency. Nevertheless, come to think of that the main use case of header compression is VoLTE, it would make sense that VoLTE is provided on the macro cell layer where the continuous coverage is provided. For this case, UL DRB should be carried on the MeNB-UE link as in Fig.1(a).
With regards to AS security key generation/update, the relevant security solution for Option 1A will be applied for the case where UL DRB is carried on the SeNB-UE link (Fig.1(b)).
3. Summary and proposal
This paper clarified the proposal of asymmetric U-plane data split from U-plane architecture aspects. Additional radio protocol impacts was investigated and observed as follows:
Observation 1:
To support asymmetric U-plane data split, i.e., DRB can be split for DL, but not for UL, no additional protocol impact is foreseen in the MAC/RLC layers on top of the protocol impacts supporting Option 1A/3C, respectively.
Observation 2:
For PDCP, interaction between MeNB and SeNB may be required to handle the PDCP control PDU.
From these observations, the followings are proposed:
Proposal 1:
RAN2 is respectfully asked to discuss if it is worth to specify asymmetric U-plane data split, taking into account Observation 1/2 as well as the Rel-12 time schedule.

Proposal 2:
If proposal 1 is agreed, the concept of asymmetric U-plane data split and the expected protocol impacts should be captured in TR 36.842.
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