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Introduction
In this contribution, PDCP duplication is discussed in relation to discarding of packets. Two open issues are discussed: avoidance of redundant duplicate transmission when delivery of a duplicate has been confirmed via another transmission leg, and the PDCP behaviour when PDCP data duplication is deactivated. 
Compared to R2-1708329, the contribution had been revised and section on RLC UM mode was added.
[bookmark: _Ref178064866]Discussion
Discard after successful delivery (AM)
RAN2 discussed whether there is a need to stop transmission via one path if the other path has successfully delivered the data. We foresee the following use cases for PDCP data duplication:
1) URLLC
For URLLC use cases such functionality is not needed. To reach the required low latency and high reliability, both individual paths must anyway offer very low initial HARQ error probability. Hence, in 99.9% of all transmission attempts, both HARQ entities succeed almost simultaneously and any feedback would hence be too late to stop the other transmission. Only in the remaining 0.1% of all transmissions where one HARQ entity succeeds on the first attempt but the other does not, one could stop the pending retransmission. Obviously, the savings would be negligible, considering especially that an RLC status report would confirm the transmission success even later. 
[bookmark: _Toc487646288][bookmark: _Toc488058931][bookmark: _Toc489531672][bookmark: _Toc489889369][bookmark: _Toc489889446][bookmark: _Toc490222801]For URLLC configuration (very low initial BLEP on both transmission legs) there is no need nor possibility to stop transmissions on the “second leg”. 
2) RRC signalling
When applied to RRC signalling, there may be a higher probability that one path succeeds while the other fails. This could speak in favour of a mechanism for terminating the pending retransmissions on the second path. However, the most likely case where this may occur is in case of mobility, i.e., for the delivery of the RRCConnectionReconfiguration with mobilityControlIinfo. First of all, this is a DL message for which the gNB may control whether and for how long to continue retransmissions. Secondly, the UE triggers the HO immediately after successfully receiving the first transmission attempt and hence detaches from the serving cell and resets all RLC entities. Therefore, no special mechanism is required for this case. 
Besides that, RRC signalling is comparably rare and hence there is not much to gain in terms of system capacity when omitting rare unnecessary retransmissions. 
[bookmark: _Toc487646289][bookmark: _Toc488058932][bookmark: _Toc489531673][bookmark: _Toc489889370][bookmark: _Toc489889447][bookmark: _Toc490222802]For RRC messages there is no need nor possibility to stop transmissions on the “second leg”.
3) Other traffic on RLC AM
When the transmitting RLC entity receives a PDCP PDU, the RLC entity assigns a SN and segments if required. On the receiver side, the RLC entity expects consecutive sequence numbers, and all segments from an RLC SDU. SN and SO gaps will eventually trigger RLC status reports which will lead to RLC retransmissions. If the RLC transmitter discards the transmission of any ongoing RLC PDUs (i.e. PDUs for which a SN has been assigned), the RLC receiver will transmit status PDUs which will trigger re-transmissions in the transmitting RLC entity. Eventually, this results in a Radio Link Failure due to maximum number of RLC retransmissions.
Solutions to solve these issues of RLC PDU discard are possible and some have been already proposed. However, all these solutions come to the expense of additional signalling between RLC entities and/or inter-layer signalling between PDCP entity and RLC entity. The transmitting RLC entity may need to inform to the receiving RLC entity about the discarded RLC PDUs and, possibly, other variables so that both transmitter and receiver RLC entities are in sync. 
Therefore, discarding RLC PDUs in flight on one RLC, that were already transmitted as duplicates via another RLC, will cause additional issues and complexity.
[bookmark: _Toc488058933][bookmark: _Toc489531674][bookmark: _Toc489889371][bookmark: _Toc489889448][bookmark: _Toc490222803]Discarding RLC PDUs which are being transmitted will cause RLC retransmissions and radio link failures
What is possible and should be done, however, is the possibility to discard PDCP PDUs i.e. RLC SDUs that are not yet assigned an RLC SN, i.e. are not considered to be in flight yet, at the time of the discard.
[bookmark: _Toc489889353][bookmark: _Toc489889455][bookmark: _Toc490222804][bookmark: _Toc490228451][bookmark: _Toc494110632][bookmark: _Toc494114875][bookmark: _Toc494115676][bookmark: _Toc494115833][bookmark: _Toc494281314][bookmark: _Toc494281442][bookmark: _Toc494281703][bookmark: _Toc494282490][bookmark: _Toc494295602][bookmark: _Toc494295705][bookmark: _Toc487646292][bookmark: _Toc488058934][bookmark: _Toc488059107][bookmark: _Toc488059195]PDCP discard is not applied to RLC PDUs that are already being transmitted (RLC PDU or segment on HARQ).
In general, the transmitting PDCP entity should discard a PDCP PDU when: 
· The PDCP PDU has been received by the PDCP receiver (when successful delivery has been confirmed by lower layers – i.e. for RLC AM). 
· discardTimer expires
When PDCP discard is triggered, the RLC entity is also informed and should take action. RLC discard functionality for NR is discussed in [1]. 
For DC/CA PDCP duplication, the same PDCP discard functionality should be maintained, and applicable also when successful delivery of a PDCP PDU is indicated:
[bookmark: _Toc494295706]For DC and CA PDCP duplication, when PDCP discardTimer expires or when the successful delivery of a PDCP SDU is confirmed by any of the legs:
a. [bookmark: _Toc494295707]PDCP shall discard the PDCP SDU along with the corresponding PDCP PDU.
b. [bookmark: _Toc494295708]PDCP should indicate to lower layers to discard the corresponding PDCP PDU.
Discard after time (UM)
Same as for AM operation, also in UM operation, a PDCP PDU duplicate should not be pushed to both RLC entities for transmission prior to reception of UL grants in the respective transmission leg. This way, data queuing on one leg and in the extreme case data being stuck in one leg, is avoided. 
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. Example: 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 PDU duplicate would be delayed and get transmitted only after the RLC2 queueing time. At the time of the reception, the PDU duplicate is entirely 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 URLLC traffic latency targets. 
[bookmark: _Toc494295709]For DC and CA PDCP duplication, a PDCP PDU is not considered for duplicate transmission after a configurable time after transmission of the original PDU, i.e.:
c. [bookmark: _Toc494295710]PDCP shall discard the PDCP SDU along with the corresponding PDCP PDU.
d. [bookmark: _Toc494295711]PDCP should indicate to lower layers to discard the corresponding PDCP PDU.
This can be implemented by a timer which can be implemented on PDCP or RLC for UM. If implemented in RLC, the timer would relate to a maximum queueing time in the respective RLC entity. Both options would be different to the PDCP discard timer, since the PDCP discard timer relates to a maximum queueing time before the first (original) transmission of the PDU.
Discard at duplication deactivation
PDCP behaviour
When the UE receives a MAC CE to deactivate PDCP data duplication, the PDCP entity should not continue making the data available to the leg carrying duplicates. Also, PDCP data deactivation should be seamless for lower layers. In the end, the RLC entity does not really know if a packet is being transmitted in another leg or not. Thus, PDCP should request the RLC to discard any PDCP PDUs, i.e. RLC SDUs, simply as part of the RLC SDU discard function as described above. It is important to discard outstanding RLC SDU 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.
[bookmark: _Toc488325090][bookmark: _Toc489017189][bookmark: _Toc489263210][bookmark: _Toc489531685][bookmark: _Toc489537098][bookmark: _Toc489875472][bookmark: _Toc489889360][bookmark: _Toc489889462][bookmark: _Toc490222811][bookmark: _Toc490228458][bookmark: _Toc494110643][bookmark: _Toc494114886][bookmark: _Toc494115687][bookmark: _Toc494115844][bookmark: _Toc494281320][bookmark: _Toc494281448][bookmark: _Toc494281706][bookmark: _Toc494282493][bookmark: _Toc494295605][bookmark: _Toc494295712]For CA and DC, upon deactivation of PDCP data duplication, the UE transmitting PDCP entity:
e. [bookmark: _Toc488325092][bookmark: _Toc489017191][bookmark: _Toc489263212][bookmark: _Toc489531686][bookmark: _Toc489537099][bookmark: _Toc489875473][bookmark: _Toc489889361][bookmark: _Toc489889463][bookmark: _Toc490222812][bookmark: _Toc490228459][bookmark: _Toc494110644][bookmark: _Toc494114887][bookmark: _Toc494115688][bookmark: _Toc494115845][bookmark: _Toc494281321][bookmark: _Toc494281449][bookmark: _Toc494281707][bookmark: _Toc494282494][bookmark: _Toc494295606][bookmark: _Toc494295713][bookmark: _Toc488325091][bookmark: _Toc489017190][bookmark: _Toc489263211]Stops indicating that further duplicated data is available for transmission to the RLC entity carrying the duplicated PDUs.
f. [bookmark: _Toc489531687][bookmark: _Toc489537100][bookmark: _Toc489875474][bookmark: _Toc489889362][bookmark: _Toc489889464][bookmark: _Toc490222813][bookmark: _Toc490228460][bookmark: _Toc494110645][bookmark: _Toc494114888][bookmark: _Toc494115689][bookmark: _Toc494115846][bookmark: _Toc494281322][bookmark: _Toc494281450][bookmark: _Toc494281708][bookmark: _Toc494282495][bookmark: _Toc494295607][bookmark: _Toc494295714][bookmark: _Toc488325093][bookmark: _Toc489017192][bookmark: _Toc489263213]Stops delivering further duplicated PDCP PDUs. 
g. [bookmark: _Toc489537101][bookmark: _Toc489875475][bookmark: _Toc489889363][bookmark: _Toc489889465][bookmark: _Toc490222814][bookmark: _Toc490228461][bookmark: _Toc494110646][bookmark: _Toc494114889][bookmark: _Toc494115690][bookmark: _Toc494115847][bookmark: _Toc494281323][bookmark: _Toc494281451][bookmark: _Toc494281709][bookmark: _Toc494282496][bookmark: _Toc494295608][bookmark: _Toc494295715]Indicates to the lower layer affected by the deactivation to discard all of the duplicated PDCP PDUs which had been delivered to RLC.
Conclusions
Based on the discussion in section 2 we propose the following:
Proposal 1	PDCP discard is not applied to RLC PDUs that are already being transmitted (RLC PDU or segment on HARQ).
Proposal 2	For DC and CA PDCP duplication, when PDCP discardTimer expires or when the successful delivery of a PDCP SDU is confirmed by any of the legs:
a.	PDCP shall discard the PDCP SDU along with the corresponding PDCP PDU.
b.	PDCP should indicate to lower layers to discard the corresponding PDCP PDU.
Proposal 3	For DC and CA PDCP duplication, a PDCP PDU is not considered for duplicate transmission after a configurable time after transmission of the original PDU, i.e.:
a.	PDCP shall discard the PDCP SDU along with the corresponding PDCP PDU.
b.	PDCP should indicate to lower layers to discard the corresponding PDCP PDU.
Proposal 4	For CA and DC, upon deactivation of PDCP data duplication, the UE transmitting PDCP entity:
a.	Stops indicating that further duplicated data is available for transmission to the RLC entity carrying the duplicated PDUs.
b.	Stops delivering further duplicated PDCP PDUs.
c.	Indicates to the lower layer affected by the deactivation to discard all of the duplicated PDCP PDUs which had been delivered to RLC.
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