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1  Introduction
At RAN2#77bis there was an agreement regarding possible UE RLC skew handling during inter-NodeB multiflow operation. In particular RAN2 agreed to introduce a UE side reordering timer to handle data skew in the Multiflow inter-site operations, with details left FFS.

This paper describes an optimized algorithm to efficiently handle such timer at the UE side, reflecting partly a proposal previously submitted and discussed in RAN2 [1],
2 Discussion
Based on the last RAN2 agreement, it is assumed that the UE is configured with a certain reordering timer, called Treordering below. One basic UE timer-based mechanism proposed in RAN2 [2] was to prohibit sending a NACK for a missing PDU till the expiry of Treordering, which may not be very efficient. 

In particular, there can be cases when the UE can figure out whether a missing PDU is due to a genuine loss or skew before the timer expires, thus it could avoid unnecessary NACK delays (improving overall Throughput performance). Such additional UE logic is described below.
2.1 Optimized reordering timer handling

The UE RLC entity has the knowledge, from the MAC layer, of which cell a RLC PDU is received on. Based on this knowledge, the RLC receiver at the UE maintains the largest RLC sequence number (LSN) received from each cell. 
Based on such RLC knowledge, when the UE finds a new gap in the RLC sequence number (SN), there are two possibilitiesapplies the following additional logic:
· If the SN in the a gap is smaller than both of the two LSNs, the gap is a genuine loss and a NAK will can be sent in the next Status PDU. If a reordering timer is started for this gap, it can be stopped.
The example below can be used to illustrate how the additional logic above helps, and shows how the UE can determine a genuine PDU loss (and differentiate it from a possible missing PDU due to skew) before the reordering timer expires. 
1) PDUs 1-10 are sent by the RNC: 1-3 and 8-10 are sent to Cell1, and 4-7 are sent to Cell2.

2) At time t1, the UE receives PDUs 1, 2, 3, 8, 9, 10 from Cell1.

3) At time t2, the UE receives PDU 5 from Cell 2. PDU 4 is dropped over the-air from Cell2.

4) Shortly after time t2, the UE receives PDU 7 from Cell 2. PDU 6 is dropped over the-air from Cell2.

With only the reordering timer logic, the UE will first run a reordering timer for PDU 4 at time t2. Once that expires, the UE will run a reordering timer for PDU 6. This will delay the recovery of PDU 6 to ~(2 * Treordering).

With the additional logic described in this section, 
· the UE will detect that PDU 4 is missing once it receives PDU 5 from Cell 2. This will save a time of Treordering in recovery of PDU4. 

· Similarly, the UE will detect that PDU 6 is missing once it receives PDU 7 from Cell 2. This will save a time of ~(2 * Treordering) in recovery of PDU6.

Generalizing the example above, if the proposed additional logic is not used, there can be cases where the time to recover a PDU can be unnecessarily delayed by up to (n * Treordering), where n is the number of “holes” seen from a particular cell. This could lead to a significant throughput reduction due to larger RLC ARQ recovery latency and/or TCP timeouts (if TCP is used and long delayed recovery of RLC PDUs occurs).
3 Conclusions and Proposals
The following proposal is made to RAN2, based on the assumption that a Treordering is introduced for UE skew handling and the optimization described above.
Proposal – Introduce an optimized UE handling of Treordering such that UE can identify a missing PDU as a genuine loss and report a NACK immediately (not necessarily waiting for Treordering’s expiry).
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