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1. Introduction
When UL PDCP packet duplication is activated, in case of “fast leg/slow leg” scenario, excessive buffering may happen on the slow leg. This can happen especially for a UM bearer, since there is no discard of PDCP duplicates. 
In the worst case, this can lead to full PDCP transmission window, with associated protocol or performance issues. This contribution further discusses this scenario (also addressed in [1]), and based on the analysis, proposes a solution.

2. Discussion
2.1. Late PDCP PDUs issue
HFN desynchronization issue (no duplication case)
In PDCP specification, a NOTE states:

“NOTE 1: Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.”
The NOTE1 above is meant to address the possible following scenario:
· the PDCP transmitting entity generates N PDCP PDUs, N > half of the PDCP SN space
· those PDCP PDUs are discarded (e.g. by discard timer) or lost on air interface (e.g. tunnel)
At the receiver, there will be a gap of N PDCP SNs, N > half of the PDCP SN space. The HFN of following PDUs will not be correctly derived and those PDUs will be either discarded or associated with the wrong COUNT, leading to deciphering issues.
Generally, this NOTE1 is understood with the following meaning: the PDCP transmitting entity should refrain to send more than half of the PDCP SN space consecutive PDCP PDUs without transmission confirmation. In other words, the PDCP transmitting entity should not generate pending PDCP PDUs exceeding the transmission window, with PDCP transmission window = [TX_NEXT – WindowSize, TX_NEXT [, and WindowSize is half of the PDCP SN space.

Late PDCP PDUs issue (duplication case)

In case of UL duplication with fast / slow leg, the issue is slightly different.
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Transmissions of PDCP PDUs on the “fast leg” ensure that the PDCP receiver HFN is synched with the PDCP transmitter. From this point of view, there is no HFN desynchronization, as the “fast leg” enables to keep HFN synchronization between both PDCP entities. 

However, if the “slow leg” leads to more than half of the PDCP SN space being buffered in RLC/PDCP, when those old duplicate PDCP PDUs will eventually be transmitted by the “slow leg”:

· they will either fall in the discard window (this would not cause any issue)

· or if they are really late (M >=  PDCP SN space), they will fall in the reordering window. In that case, they will be deciphered with incorrect COUNT value, but considered as valid from PDCP point of view, as there is no way for PDCP to notice the deciphering issue (unless integrity was configured, which is rare). The PDCP PDU wrongly deciphered will generate a PDCP SDU which will generally be discarded by upper layers (e.g. wrong IP header). However, the PDCP layer will consider the good PDCP PDU received by the good leg as a duplicate and discard it.

Hence, even if there is no HFN desynchronization issue thanks to the “fast leg”, an issue of “Late PDCP PDUs” being transmitted by the “slow leg” can occur, leading to protocol issues (good PDCP PDUs would be discarded at the PDCP receiver, leading to PDCP SDU loss).
Observation 1: Protocol issues might happen if PDCP transmission window is exceeded

2.2. Solutions

There are several alternatives to handle the above issue.

Rely on NOTE 1
The first alternative would be to extend the “NOTE1” rule to cover the UL PDCP duplication case. Given the agreed PDCP modelling, since most of the PDCP PDUs in case of “fast leg” / “slow leg” scenario, it would be needed to explicitly take into account PDCP PDUs already submitted to lower layers (RLC entity). The understanding would be that to prevent any issue, the PDCP entity would have to refrain from generating any new PDCP PDU once the PDCP transmission window is full. The consequence is a stall of the transmission: due to the “slow leg”, the PDCP entity can no longer transmit data on the “fast leg”.
Generally, activation of duplication should not degrade performance. The general assumption is that one link is added to enhance latency/reliability, but in no case the addition of such supplementary link should lead to a degradation of performances.
Duplicate discard based on HARQ feedback

For a AM bearer, the problem is mitigated by the discard of duplicate PDUs in the “slow leg” once confirmation of successful transmission was received from the “fast leg”, thanks to ARQ feedback. For a UM bearer, similar mechanism might be used but relying on the HARQ feedback.

However, this has several drawbacks:

· Additional complexity for the UE (track PDCP PDU/RLC PDU/MAC PDU mapping)

· HARQ feedback may not be sent; there are some modes of transmissions where there is no explicit HARQ feedback (the UE can assume a transport block was successfully sent if there is no retransmission request). Hence, this would be only a partial solution.
PDCP SDU discard timer
This timer could be set such as buffering in the slow leg would be limited. However, the buffering also depends of the incoming PDCP PDU rate, and it is not be possible to ensure avoiding full PDCP transmission window.

(New) PDCP PDU duplicate discard timer
This timer does not exist in the specification. With this timer, the duplicate PDU is discarded if not transmitted within a given time from first PDCP PDU transmission. Similarly as before, this would limit the buffering in the slow leg, but the buffering also depends of the incoming PDU rate, so it is not be possible to ensure PDCP transmission window.

There are additional drawbacks:

· Additional complexity for the UE (new per PDCP PDU timer, in addition to PDCP SDU discard timer)

· The assumption is that after “duplicateDiscardTimer”, there is no gain in transmitting a duplicate. However, there is no guarantee that the first packet was successfully received. In case the initial packet was not successfully received, the assumption is hence that anyway it is too late for transmitting the packet. If that was the case, the PDCP SDU discard timer should have been used, so the gain of this timer seems arguable.
Deactivation of duplication (by MAC CE)
The NW, noticing the discrepancy between both links, should (dynamically) deactivate duplication as it is not effective. This would be the expected behavior; however, there might be different cases in which this might not be sufficient.

In the scenario under consideration, one leg has issues, e.g. uplink is down on that leg. By deactivating duplication, the NW would not see anything since anyway nothing was transmitted on that leg. Hence the NW cannot ensure that the MAC CE sent to deactivate duplication was successfully received and taken into account by the UE. However the MAC CE might have been lost on the air interface.

Another scenario might be in case of bad/no coordination between nodes in DC. For instance, the following scenario could happen. The primary path may decide on its own whether it needs or not duplication on the secondary path based on radio conditions. The node with PDCP may decide to switch off PDCP duplication based on delta between both legs. But the primary path may not be from the node with PDCP. In such case there could be conflicts (race condition) between MAC CEs from both nodes, it could be possible duplication remains activated while the node with PDCP thinks it is off.
PDCP PDU duplicate discard when exiting the transmit window

Once the PDCP transmission window becomes full, PDCP is not prevented from generating new PDCP PDUs, but PDCP PDUs exiting the transmission window are discarded. In other words, when TX_NEXT is increased, PDCP PDUs falling below TX_NEXT-window_size are discarded.
This ensures avoiding buffering more than half of PDCP SN space PDUs and effectively prevents this issue. However, this adds complexity as it requires implementing a complex discarding mechanism. Moreover, it seems there is little benefit in specifying such a UE behavior where half of PDCP SN space worth of PDCP PDUs will be kept buffered in a stuck/slow leg (continuously updated such as only the last half of PDCP SN duplicate PDCP PDUs are stored).
Implicit PDCP duplication deactivation
When duplication is activated, if PDCP transmission window becomes full, it is clear that PDCP duplication operation is not effective. It is not acceptable to stall the PDCP transmissions as PDCP duplication should only enhance the performance. The NW should have deactivated PDCP duplication (with MAC CE) before entering in this situation. Most likely, it means that the MAC CE was lost on the air interface. 

An approach would be that when duplication is activated, if PDCP transmission window becomes full, the UE shall perform an implicit deactivation of packet duplication, similarly as if the UE was instructed to deactivate packet duplication by the NW.
The UE would perform agreed behavior in case of duplication deactivation: discard of duplicated PDCP PDUs, removal of SCell restrictions in case of CA duplication/fallback to split bearer in case of DC duplication.

Given the simplicity and absence of drawbacks of this approach, we make the following proposal:

Proposal 1: When PDCP duplication is activated, upon detecting full PDCP transmission window, the UE shall act as if instructed to deactivate PDCP duplication
3. Conclusion 

In this contribution, we discussed some aspects of full PDCP transmission window issue during duplication operation, and made the following observation and proposal:

Observation 1: Protocol issues might happen if PDCP transmission window is exceeded
Proposal 1: When PDCP duplication is activated, upon detecting full PDCP transmission window, the UE shall act as if instructed to deactivate PDCP duplication
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