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1 Introduction
In previous meetings, several challenges have been raised for the legacy PDCP reordering operation when supporting UP alternative 3C, including:

-- Out-of-order arrival of PDCP PDUs at UE PDCP entity;

-- X2 loss, which was also referred to as Xn loss in previous meetings;

-- PDCP PDU SN gap due to PDCP discard functionality.
In this contribution, the validity of these challenges is studied, together with following potential enhancements to address those issues:

-- Non-timer based UE PDCP reordering function: a straightforward extension of current PDCP reordering function for RLC AM bearer;

-- Timer based UE PDCP reordering function: a new PDCP reordering timer and new state variable(s) have to be introduced;
-- Additional PDCP status report triggers for a dual connectivity UE;

-- A new PDCP control PDU (MRW) to inform UE of PDCP PDUs to be skipped: similar to the RLC SUFI in UMTS system. 
2 New Challenges
The following new challenges have been brought to attention in previous discussion regarding the PDCP reordering operation when supporting Alt. 3C:
Out-of-order arrival of PDCP PDUs at UE PDCP entity

Due to the multi-stream delivery of DL PDCP PDUs from multiple eNBs (MeNB and/or SeNBs), PDCP PDUs may arrive at UE PDCP entity out of order even without the occurrence of handover [1]. For an EPS bearer which is mapped to RLC AM mode, the existing PDCP reordering and duplicate detection function is enabled only if there is lower-layer re-establishments. Thus certain enhancements are needed during the normal operation to support dual connectivity with data split within a radio bearer. For an EPS bearer which is mapped to RLC UM or TM mode, there is no reordering function in the current PDCP entity. Further study is needed to justify the motivation to split an EPS bearer under RLC UM or TM.

Observation 1: The PDCP reordering operation needs to be enhanced for RLC AM mode of a dual connectivity UE with data split within a radio bearer. The necessity of introducing PDCP reordering operation to RLC UM or TM mode needs to be justified.

X2 loss
Data loss over the X2 interface may occur because of the unreliable transfer over X2. The probability of X2 loss is very rare though, which is expected to be less than 10-6.

As already analyzed in [2], it is preferred to leave the task of detection and recovery of X2 loss to the network and not get UE involved, so that the detection and recovery of X2 losses can be done more precisely and promptly without adding additional delay to data transfer. The detailed mechanism is FFS: the solution may be implementation specific or may be standardized. For example, in the downlink direction, the SN field in the GTP-U header may be used, so that SeNB may identify a packet loss by spotting a gap in GTP-U SNs. The reporting of a missing packet over X2 may be done periodically, e.g., upon MeNB’s configuration, or it may be triggered upon timer expiry. Upon identifying an X2 loss, MeNB may decide to retransmit the data to SeNB over X2 again, or MeNB may also decide to transmit the data to UE over the air directly. Again, all these detailed mechanisms are FFS and can be further discussed by RAN3 if the solution is to be standardized.
Observation 2: If the detection and recovery of X2 loss is handled by the network itself without involving the UE, more precise and prompt X2 loss recovery can be achieved which in turn avoids additional delay to data transfer. 
If RAN2 still decides to expose potential X2 losses to a dual connectivity UE with data split within a radio bearer, candidate solutions are provided and compared in the next section.
PDCP PDU SN gap due to PDCP discard functionality
Some concerns were raised in [3] regarding potential PDCP PDU SN gaps due to PDCP discard at eNB’s transmission buffer, and consequently a new PDCP reordering timer seems to be unavoidable. However, we believe that the PDCP discard functionality may not be relevant to a split bearer in the practical sense. The reason is that the PDCP discard functionality is usually enabled/configured for delay-sensitive traffic, while for a delay sensitive EPS bearer the network does not have to configure it with intra-bearer-split architecture. 
Observation 3:  There is no strong motivation to split an EPS bearer with PDCP discard feature enabled.

If RAN2 still decides to support PDCP discard feature for data split within a radio bearer, one candidate solution is provided in the next section.

3 Potential Enhancements
To address new challenges listed in the previous section, four candidate enhancements may be considered:

Non-timer based UE PDCP reordering function: a straightforward extension of current PDCP reordering function for RLC AM bearer. That is, the PDCP reordering and duplicate detection function for RLC AM bearer is “always ON” in the PDCP entity of a dual connectivity UE with data split within a radio bearer, instead of enacted for “re-establishment only” as in the PDCP entity of a legacy UE. The enhancement can be done by simply remove the “re-establishment only” condition in the current PDCP reordering operation description. The solution is capable of handling out-of-order PDCP PDU arrivals.
Timer based UE PDCP reordering function: a new PDCP reordering timer and new state variable(s) have to be introduced to UE PDCP entity. The new timer and state variables may be defined similarly to the RLC AM reordering functions or RLC UM reordering functions. Such enhancement requires considerable modifications to the legacy PDCP operations.
Additional PDCP status report triggers for a dual connectivity UE with data split within a radio bearer: new triggers may include periodic reporting and/or upon eNB’s polling indication.
A new PDCP control PDU (MRW) to inform UE of PDCP PDUs to be skipped: if a PDCP PDU is discarded by the network on purpose, the network may inform the UE of the SN(s) of the discarded PDCP PDU(s), so that UE PDCP entity does not need to wait for the specific PDCP PDU(s) any longer. A new PDCP control PDU may be defined similarly as the RLC MRW SUFI of UMTS system [4], and therefore it is denoted as MRW (Move Receiving Window) in the following discussion. 
The straightforward extension of current PDCP reordering function alone is sufficient to handle the challenge of out-of-order arrival of PDCP PDUs at UE PDCP entity by itself. There is no need to introduce a new PDCP reordering timer just for the out-of-order arrival, because RLC AM guarantees lossless submission of PDCP PDUs to upper layer eventually, --the missing PDCP PDU is not due to the multi-stream arrival itself but rather is caused by X2 loss or PDCP discard. If the UE PDCP buffer size poses any upper bound on the maximum amount of data that are waiting to be reordered, such limit may be taken care of by MeNB’s scheduling and flow control algorithm, instead of adding complexity and overhead to the PDCP reordering operation by a new PDCP reordering timer.
Proposal 1: To deal with the potential out-of-order arrival of PDCP PDUs at UE from multiple eNBs, a straightforward extension of the current PDCP reordering function is sufficient and no reordering timer is needed at UE PDCP entity.
As already analyzed under Observation 2, it is preferred that the detection and recovery of X2 loss is handled by the network itself without involving the UE. If RAN2 still decides to expose potential X2 losses to a dual connectivity UE, additional triggers of UE PDCP status report may be defined. This is because X2 loss is rare, so UE’s periodic PDCP STATUS report together with the straightforward extension of the current PDCP reordering function, i.e., non-timer based PDCP reordering function, may be sufficient to recover X2 loss without introducing too much overhead.

As already stated in the last section, we do not foresee any practical concerns of PDCP PDU SN gap due to PDCP discard when an EPS bearer is configured as a split bearer. However, if it is the common understanding of RAN2 that PDCP PDU SN gaps might still exist for a split bearer, the MRW PDCP control PDU may be introduced to inform UE of SNs of discarded data.

The exposure of X2 loss to a dual connectivity UE or the PDCP discard function may lead to PDCP SN gap(s) which cannot be filled by UE itself. However, it is worth pointing out that such gaps do NOT mandate or justify the complexity of introducing TIMER-BASED PDCP reordering function at UE. On the contrary, such gaps may be solved by much simpler and more efficient enhancements described above:
· If UE is exposed to PDCP SN gaps caused by X2 loss, additional triggers of UE PDCP status reporting may be used to report those gaps.

· If those PDCP SN gaps are to be skipped by the network and UE (e.g., due to PDCP discard functionality), MRW SUFI kind of PDCP control PDU may be used to move UE’s windows.
Proposal 2: If UE is exposed to PDCP SN gaps caused by X2 loss, additional triggers of UE PDCP status reporting may be defined to report those gaps.
Proposal 3: If PDCP SN gaps are to be skipped by the network and UE (e.g., due to PDCP discard functionality), a new PDCP control PDU may be introduced to move UE’s windows in a similar way as UMTS’s RLC MRW SUFI.
4 Conclusion
Following observations are made regarding three potential challenges raised for PDCP reordering operation:

Observation 1: The PDCP reordering operation needs to be enhanced for RLC AM mode of a dual connectivity UE with data split within a radio bearer. The necessity of introducing PDCP reordering operation to RLC UM or TM mode needs to be justified.

Observation 2: If the detection and recovery of X2 loss is handled by the network itself without involving the UE, more precise and prompt X2 loss recovery can be achieved which in turn avoids additional delay to data transfer. 

Observation 3:  There is no strong motivation to split an EPS bearer with PDCP discard feature enabled.

Based on the analysis of four candidate enhancements, RAN2 is kindly asked to consider following proposals:

Proposal 1: To deal with the potential out-of-order arrival of PDCP PDUs at UE from multiple eNBs, a straightforward extension of the current PDCP reordering function is sufficient and no reordering timer is needed at UE PDCP entity.
Proposal 2: If UE is exposed to PDCP SN gaps caused by X2 loss, additional triggers of UE PDCP status reporting may be defined to report those gaps.
Proposal 3: If PDCP SN gaps are to be skipped by the network and UE (e.g., due to PDCP discard functionality), a new PDCP control PDU may be introduced to move UE’s windows in a similar way as UMTS’s RLC MRW SUFI.
Table 1 summarizes the relationship between new challenges, proposed solutions and potential enhancements.
Table 1
New challenges and Proposed Solutions for PDCP reordering operations of Alt. 3C

	Challenges
	Preferred Solutions
	Alternatives Solutions

	Out-of-order arrival of PDCP PDUs
	Non-timer based UE PDCP reordering function
	

	X2 loss
	The network side handles the detection and recovery of X2 loss (RAN3) because of the precision and promptness.
	Additional PDCP status report triggers for a dual connectivity UE, e.g., periodic triggers

	PDCP PDU SN gap due to PDCP discard functionality
	PDCP discard functionality is not enabled for split bearer, because the intra-bearer-split architecture may not be necessary for the delay-sensitive traffic.
	A new PDCP control PDU (MRW) may be introduced to move UE’s windows in a similar way as UMTS’s RLC MRW SUFI.


As shown in the table, “out-of-order arrival of PDCP PDUs at UE PDCP entity” is the real challenge that has to be address by UE PDCP through PDCP reordering operation enhancements in RAN2, while other challenges are not as critical or can be hidden from UE PDCP.
It is also illustrated in the table that all challenges can be addressed by much simpler and more efficient enhancements, without the complexity and possible performance degradation due to timer-based PDCP reordering function, which were major concerns expressed in [5]~[9].
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