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1 Introduction

Dual connectivity with small cells provides data paths from the MeNB and SeNB.  With architecture 3C, the PDCP PDUs are sent over X2 to be delivered to the UE over the SeNB.  This not only creates two data paths for the packets between the MeNB and UE, there is also a possibility of data loss or out of sequence delivery over X2.  This contribution looks at how to handle DL data packets at the PDCP  in the UE.  

2 Discussion

With architecture 3C of dual connectivity, the PDCP for the DL is located in the MeNB.  PDCP PDUs could then sent directly to the UE by the MeNB or sent over X2 to the SeNB which then delivers the data to the UE.  The two paths are independent and delay experienced by each data packet on either path is independent and variable. 
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Over each of the radio interfaces (in the MeNB and SeNB), RLC ensures in sequence delivery of the packets.   Depending on the RLC mode, there may or may not be data loss over the radio.  However, since the data takes different paths (one over MeNB and other SeNB), lower layers cannot delivery packets in sequence to PDCP.  Further, X2 interface between MeNB and SeNB, based on GTP-U does not guarantee data loss or in-sequence delivery.  Although this can be considered rare in well engineered networks, it would need to be addressed in some way at least to ensure that the protocol does not stall.

Re-sequencing over X2

It is possible to introduce/use req-sequencing over X2 using GTP-U which can be made to ensure that packets arrive in sequence at the SeNB.  This combined with the in-sequence delivery over the air will ensure that the packets arriving over the SeNB at the UE will be in-sequence.  However, the potential difference in delays in the paths of MeNB-UE and MeNB-SeNB-UE means that in sequence delivery at the UE across the two paths cannot be ensured simply by using re-sequencing over X2.  Further, it is still not possible to handle lost packets over X2.

Use of PDCP at the UE for re-ordering

LTE AS is expected to deliver packets to higher layers in sequence.  As discussed earlier, with dual connectivity, the lower layers cannot guarantee this without extensions.
PDCP being the common protocol layer receiving data from both paths and the only protocol layer before delivering data to the application layers, it is reasonable to say that any re-ordering/loss detection, if done, has to be at the PDCP layer in the UE.  The PDCP layer already provides sequence numbers and performs some re-ordering during HO.  This can be extended to allow PDCP to both detect packet loss and re-order packets for dual connectivity.   

It is hence proposed that:

Proposal #1: PDCP in the UE performs the re-ordering function for dual connectivity 3C architecture.

To cater for identifying last packet and potential loss of a packet over X2 (see below), a re-ordering window will need to be used by PDCP.

Proposal #2: Introduce T-reordering for PDCP with architectural option 3C.

Lost packets over X2
There are two cases to handle due to lost packets over X2.  One is avoid stalling the UE and the other whether to introduce the functionality of recovering (re-transmitting) the lost packet.   

Since there is a possibility of packets being lost over X2, the re-ordering function in the PDCP should be able to detect a lost packet.  If re-sequencing is performed over X2, as discussed earlier, the packets from either path will be in sequence.  The UE can then detect lost packets by considering the order of arrival of packets from MeNB and SeNB.  However, considering that UE has to implement re-ordering function anyway, and the possibility of packets arriving out of sequence over X2 is quite rare, the benefits of re-sequencing over X2 does not seem to be justified. 
Recovery of lost packets after detection can be performed by PDCP using the function similar to that used during HO today with PDCP status report.  Packet loss over X2 is quite rare and we don’t have solutions today to handle data loss over X2 (or S1 or other network interfaces).  However, from RAN point of view, we have so far (almost) ensured that protocol supports loss free transfer of IP packets.  One can argue that there are more packets sent over X2 with dual connectivity and hence there is more chance of a lost packet in the RAN.  Further, the function is supported today for HO can be largely re-used for the entire period of dual connectivity.   Data loss over X2 can happen in bursts (e.g., due to congestion) and the currently used PDCP Status PDU may also need to be modified a bit for dual connectivity.  Both these can be supported with minimal additional complexity.  
Proposal #3: While there is not much justification for introducing PDCP data loss recovery, the additional complexity is minimal.  RAN2 should consider whether to introduce functionality for 3C.
3 Conclusion and summary
The document discussed the re-ordering function needed in PDCP for architecture option 3C.

It is proposed that:

Proposal #1: PDCP in the UE performs the re-ordering function for dual connectivity 3C architecture.

Proposal #2: Introduce T-reordering window for PDCP with architectural option 3C.

Proposal #3: While there is not much justification for introducing PDCP data loss recovery, the additional complexity is very minimal.  RAN2 should consider whether to introduce functionality for 3C.
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