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1 Introduction
In this contribution PDCP duplication discard and recovery procedures are discussed. 
2 Discussion
2.1 Agreements

In RAN2#100 the following agreements were made for packet duplication:

Agreements:

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
2
the logical channel handling can take the NR’s conclusion as baseline:

· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions). 
Agreements:

1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

2
Support RLC UM for packet duplication via DC.

3
Apply LTE PDCP to support packet duplication. FFS the necessary changes.

4
 Support PDCP reordering for duplication case

2.2 PDCP duplication discard
When duplication is configured and activated the PDU is duplicated and submitted to both associated RLC entities. The transmission of the PDUs in lower layers may be subject to different latencies due to e.g. RLC queueing, RLC retransmissions, RLC segmentation, HARQ retransmissions, different numerologies on the involved carriers, un-synchronized scheduling, etc. Therefore, when providing PDCP duplicates to the two associated lower layers, reception of the duplicates cannot be assumed to be at the same time. When the reception time difference becomes too large, reception of the later duplicate becomes redundant and transmission of the duplicate should be avoided. 

In legacy there are mechanisms for discarding PDCP SDUs after a certain time in the transmission buffer (discardTimer) and after successful delivery indicated by a PDCP status report. 
2.2.1 PDU discard after successful delivery (AM)
New in duplication is the case in AM, where successful delivery of a PDU is indicated from RLC (due to RLC status report reception) to PDCP, and where transmission of the duplicate of this PDU may still be ongoing in the other RLC entity. 

In this case, continuing (attempting) transmission of the duplicate is redundant. It is useful to discard the duplicate in this case in order to avoid overhead as well as to reduce the queuing times for subsequent PDUs to be transmitted in the slower RLC entity. As described above, avoiding reception time differences among the duplicate transmissions is essential for the usefulness of the PDCP data duplication feature. Therefore, it is proposed that successful delivery of a PDCP PDU by one RLC entity is indicated to the other RLC entity and that it triggers the discard of the corresponding PDCP PDU duplicate in the other RLC entity. In RLC, the currently specified RLC procedures apply, i.e. the corresponding RLC SDU/RLC PDU is discarded in case it has not been transmitted yet. The RLC SN is assigned at the time of the transmission, so the RLC SDU/PDU can be discarded as long as it has not been transmitted yet.
Proposal 1: PDCP indicates successful deliver of a PDCP PDU to the other RLC entity.

Proposal 2: PDCP and the other RLC entity discards the PDCP PDU if no RLC SN has been assigned yet when successful delivery of the PDCP PDU has been confirmed by the other RLC entity.
An example of implementation or proposal 1 and 2 is shown in [3].
2.2.2 PDU discard after time (AM and UM)
Same as for AM operation, also in UM operation due to submission of PDCP PDU duplicates to the two RLC entities at the same time, but their potentially different transmission times in these RLC entities, reception time differences of the duplicates may increase beyond a point where a duplicate reception is still useful. This case where duplicate transmissions among the RLC entities drift apart, must thus be avoided. 

As an example, for URLLC support, any queueing delay that a duplicate transmission might undergo, while the original transmission takes place immediately, destroys the purpose of introducing duplication in the first place. If a PDU would be pushed as original and duplicate to RLC1 and RLC2, transmitted via RLC1 but queuing up for some time in RLC2 (since previous duplicate packets were pushed to RLC2 as well) the duplicate PDU would be delayed and transmitted only after the RLC2 queueing time. Then, at the time of the reception, the PDU duplicate would be worthless. 

For AM, successful transmission is indicated to PDCP, and from that point onwards, no duplicate of this PDU is required anymore. For UM, another mechanism needs to be established. Therefore, a PDCP PDU should be discarded for duplicate transmission if it could not be transmitted within a certain time after the original had been sent. The time should be configurable according to traffic latency targets. Since successful transmission is indicated in AM towards PDCP based on the RLC status report frequency, which may be configured conservatively for overhead avoidance, it may be useful to use the timer-based discard also in AM mode, leading to a quicker discard.

This can be achieved by a timer which can be implemented in PDCP or RLC. If implemented in RLC, the timer would relate to a maximum queueing time in the respective RLC entity. Otherwise, a duplicateDiscardTimer could be implemented on PDCP. 

Both options would be different to the current PDCP SDU discard timer, since the PDCP SDU discard timer relates to a maximum queueing time before the first (original) transmission of the PDU, i.e. before any transmission has taken place. 

As the duplication function is introduced on PDCP layer, a solution where a PDU duplicateDiscardTimer is introduced on PDCP is preferred. 

Proposal 3: Introduce a PDCP duplicateDiscardTimer with the purpose of discarding a PDCP PDU/SDU after a certain amount of time.

Proposal 4: PDCP indicates to lower layers when the PDCP PDU is discarded due to expiry of duplicateDiscardTimer.

An example of implementation or proposal 3 and 4 is shown in [3].
2.2.3 Discard at duplication deactivation

When the UE receives a MAC CE to deactivate PDCP data duplication, the PDCP entity stops indicating duplicate data available for the MAC entity associated with the secondary RLC entity. The question is whether outstanding duplicate data transmission of the secondary RLC entity should be continued to be transmitted in this secondary RLC entity or not. 

It is important to discard the outstanding but not yet transmitted RLC data, since if such data would stay it could propagate towards the PDCP receiver when duplication is resumed at a later point in time. If the PDCP moved by more than half a sequence number space at that time, the old PDCP PDU would likely cause HFN de-sync and cause massive data loss. Such cases must hence be avoided. This consideration should be done especially in the light of the introduced MAC CE for dynamic activation and deactivation. In a scenario where frequent deactivation is wanted, the deactivation should be applied immediately, i.e. duplicate transmission stopped in the secondary RLC as soon as possible. Like in the other cases above, the indicated PDCP PDU discard to RLC leading to RLC SDU discard will nevertheless only be applied to RLC SDUs and associated RLC PDUs that are not yet transmitted.

Proposal 5: Indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the second RLC entity when PDCP duplication is deactivated.
An example of implementation of proposal 5 is also included in [3].
2.3 Retransmission and duplication

Besides duplicate transmission, also duplicate retransmission should be considered. PDCP specifies two retransmission procedures, PDCP re-establishment and PDCP data recovery. PDCP duplication may be kept activated when undergoing these procedures, i.e. duplication should be applied before and after the procedure. To maintain the intended reliability with duplication, duplication should also be applied to retransmissions involved in these procedures. It is noteworthy that due to release/re-establishment of lower layers involved in these procedures, the PDCP “re-transmissions” may actually be the first data transmissions of the corresponding PDUs, which emphasizes further that PDCP data duplication should be applied for those PDUs in order to maintain the reliability requirements.

Proposal 6: At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.

Proposal 7: At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.

An example of implementation of proposal 5 is also included in [3].

2.4 Radio Link Failure

One concern regarding RLC is when RLF should be triggered. It may happen that one of the legs is less stable and have lots of retransmissions, whereas the other leg is stable. For LTE today RLF is triggered only if the MCG-leg has problems and the same behaviour can be applied for packet duplication as well.

Proposal 8: For packet duplication via DC, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
For packet duplication via CA, it has been in NR that for logical channels restricted to SCell (i.e. the logical channel configured for duplication) the UE reports the failure but it doesn’t trigger re-establishment. The same behaviour can be applied for LTE, i.e. meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.

Proposal 9: For packet duplication via CA, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
3 Summary
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: PDCP indicates successful deliver of a PDCP PDU to the other RLC entity.

Proposal 2: PDCP and the other RLC entity discards the PDCP PDU if no RLC SN has been assigned yet when successful delivery of the PDCP PDU has been confirmed by the other RLC entity.

Proposal 3: Introduce a PDCP duplicateDiscardTimer with the purpose of discarding a PDCP PDU/SDU after a certain amount of time.

Proposal 4: PDCP indicates to lower layers when the PDCP PDU is discarded due to expiry of duplicateDiscardTimer.

Proposal 5: Indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the second RLC entity when PDCP duplication is deactivated.
Proposal 6: At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.

Proposal 7: At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.

Proposal 8: For packet duplication via DC, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
Proposal 9: For packet duplication via CA, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
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