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Introduction
In this contribution, PDCP an RLC behaviour for PDCP data duplication is discussed. Thereby, 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 and RLC behaviour when PDCP data duplication is deactivated. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc485214024]Active PDCP data duplication operation
Successful delivery of PDCP PDUs
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: _Toc489531678][bookmark: _Toc489537091][bookmark: _Toc489875465][bookmark: _Toc489889353][bookmark: _Toc489889455][bookmark: _Toc490222804][bookmark: _Toc490228451][bookmark: _Toc487646292][bookmark: _Toc488058934][bookmark: _Toc488059107][bookmark: _Toc488059195][bookmark: _GoBack]For DC and CA, for PDCP duplication, no new mechanisms are introduced in PDCP and RLC to discard RLC AM/UM PDUs when successful delivery of a PDCP PDU is confirmed by one of the legs.
Discard procedures
Discarding PDCP SDUs/PDUs
In general, the transmitting PDCP entity should discard PDCP PDUs once they have been received by the PDCP receiver, and discard the corresponding RLC SDUs from the associated RLC entities involved in duplication. Discard procedures as in LTE can be applied, i.e. based on RLC SDU discard. As in LTE, RLC PDUs should not be discarded.
If the PDCP entity delivers PDCP PDUs to the RLC, and RLC stores the RLC SDUs until they can be transmitted, the PDCP entity needs to indicate to the RLC to discard the associated RLC SDUs. However, the RLC entity should only discard the RLC SDU if no RLC PDUs were created/transmitted. This is exactly as in LTE for the PDCP discardTimer. The same functionality should be applied also in PDCP duplication. 
[bookmark: _Toc489531679][bookmark: _Toc489537092][bookmark: _Toc489875466][bookmark: _Toc489889354][bookmark: _Toc489889456][bookmark: _Toc490222805][bookmark: _Toc490228452]For DC and CA, when PDCP discardTimer expires or when the successful delivery of a PDCP SDU is confirmed by any of the legs:
a. [bookmark: _Toc489531680][bookmark: _Toc489537093][bookmark: _Toc489875467][bookmark: _Toc489889355][bookmark: _Toc489889457][bookmark: _Toc490222806][bookmark: _Toc490228453]PDCP shall discard the PDCP SDU along with the corresponding PDCP PDU.
b. [bookmark: _Toc489531681][bookmark: _Toc489537094][bookmark: _Toc489875468][bookmark: _Toc489889356][bookmark: _Toc489889458][bookmark: _Toc490222807][bookmark: _Toc490228454]PDCP should indicate to lower layers to discard the corresponding PDCP PDU (i.e. RLC SDU).
Discarding RLC SDUs
For DC/CA, if PDCP PDUs are only delivered when requested by lower layers and that happens when there is a transmission opportunity, PDCP stores the PDCP PDUs. When a PDCP PDU is submitted to lower layers at the transmission opportunity, the RLC transmitter gets the RLC SDU and immediately creates the RLC PDU. This means that a “RLC discard” will not have any effect because there will not be any stored RLC SDUs (PDCP stores data until it can be transmitted). 
For the non-DC/CA case, PDCP PDUs are delivered to the RLC entity and the RLC entity stores the RLC SDUs until a transmission opportunity is indicated by lower layers. Then, the RLC PDU is created. In this case, the RLC discard is needed to be able to remove RLC SDUs which do not need to be transmitted, for example, due to a PDCP discard timer expiration.
When a discard indication is received by the RLC entity, we propose then the same behaviour as in LTE. This text can be made generic so it applies to all the cases even if, as discussed above, for the DC/CA case, RLC discard does not have any effect (i.e. the condition should not become true). Nevertheless, we suggest to apply it to all cases to avoid potential error cases:
[bookmark: _Toc488058935][bookmark: _Toc488059108][bookmark: _Toc488059192][bookmark: _Toc489531682][bookmark: _Toc489537095][bookmark: _Toc489875469][bookmark: _Toc489889357][bookmark: _Toc489889459][bookmark: _Toc490222808][bookmark: _Toc490228455]For RLC, when discard is indicated by higher layers (PDCP), the transmitting side of the AM RLC entities and the transmitting UM RLC entities shall discard the indicated RLC SDU if:
c. [bookmark: _Toc488058936][bookmark: _Toc488059109][bookmark: _Toc488059193][bookmark: _Toc489531683][bookmark: _Toc489537096][bookmark: _Toc489875470][bookmark: _Toc489889358][bookmark: _Toc489889460][bookmark: _Toc490222809][bookmark: _Toc490228456]the RLC SDU has not been mapped to a RLC data PDU, or 
d. [bookmark: _Toc488058937][bookmark: _Toc488059110][bookmark: _Toc488059194][bookmark: _Toc489531684][bookmark: _Toc489537097][bookmark: _Toc489875471][bookmark: _Toc489889359][bookmark: _Toc489889461][bookmark: _Toc490222810][bookmark: _Toc490228457]none of the segments of the RLC SDU have been mapped to a RLC data PDU.
PDCP data 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]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: _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: _Toc488325093][bookmark: _Toc489017192][bookmark: _Toc489263213]Stops delivering further duplicated PDCP PDUs. 
g. [bookmark: _Toc489537101][bookmark: _Toc489875475][bookmark: _Toc489889363][bookmark: _Toc489889465][bookmark: _Toc490222814][bookmark: _Toc490228461]Indicates to the lower layer affected by the deactivation to discard all of the duplicated PDCP PDUs which were already delivered to RLC, i.e. to discard RLC SDUs.
RLC behaviour
When the network indicates to the UE that it shall stop PDCP PDU duplication, this basically means that the PDCP shall no longer send packets to one of the two RLC entities and logical channels linked to this DRB. 
Nevertheless, data that was delivered to the RLC prior to the reception of the deactivation command might still be pending in the RLC transmitter, i.e. on RLC PDU level. 
As discussed above, in theory, one could consider discarding such pending RLC PDU segments in the transmitter and in the receiver e.g. by resetting RLC. Resetting RLC only based on the MAC CE indication to stop duplication bears the risk of unsynchronized protocol state in UE and NW and shall hence be avoided. Using RRCConnectionReconfiguration with mobilityControlInfo on the other hand appears far too heavy. 
To keep the procedure simple we, hence, suggest that the RLC entity continues with the transmission of all RLC PDUs. In other words, the RLC transmission procedure or window state is not affected by the deactivation of PDCP data duplication.
This option has the advantage of simplicity. There is no special handling for this case, and it follows the baseline design that any other RLC PDU follows. It does not have any of the disadvantages which stopping/discarding/resetting have.
[bookmark: _Toc489531688][bookmark: _Toc489537102][bookmark: _Toc489875476][bookmark: _Toc489889364][bookmark: _Toc489889466][bookmark: _Toc490222815][bookmark: _Toc490228462]For CA and DC, deactivation of PDCP data duplication does not impact the transmitting RLC entity (window state). This implies that the UE’s RLC entity continues the (re-)transmission of the RLC PDUs until all transmissions are finalized.
It is important that the RLC transmitter does not create RLC PDUs too early from buffered SDUs, since otherwise their later discard is not possible anymore. Buffered data has to have the possibility to be discarded however, as especially a much later out-of-sequence or duplicate delivery to PDCP may cause HFN desynch. These aspects are also discussed in [2].
Conclusion
In section 2 we made the following observations:
Observation 1	For URLLC configuration (very low initial BLEP on both transmission legs) there is no need nor possibility to stop transmissions on the “second leg”.
Observation 2	For RRC messages there is no need nor possibility to stop transmissions on the “second leg”.
Observation 3	Discarding RLC PDUs which are being transmitted will cause RLC retransmissions and radio link failures

Based on the discussion in section 2 we propose the following:
Proposal 1	For DC and CA, for PDCP duplication, no new mechanisms are introduced in PDCP and RLC to discard RLC AM/UM PDUs when successful delivery of a PDCP PDU is confirmed by one of the legs.
Proposal 2	For DC and CA, 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 (i.e. RLC SDU).
Proposal 3	For RLC, when discard is indicated by higher layers (PDCP), the transmitting side of the AM RLC entities and the transmitting UM RLC entities shall discard the indicated RLC SDU if:
a.	the RLC SDU has not been mapped to a RLC data PDU, or
b.	none of the segments of the RLC SDU have been mapped to a RLC data 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 were already delivered to RLC, i.e. to discard RLC SDUs.
Proposal 5	For CA and DC, deactivation of PDCP data duplication does not impact the transmitting RLC entity (window state). This implies that the UE’s RLC entity continues the (re-)transmission of the RLC PDUs until all transmissions are finalized.

Note that no updates are needed in the draft TS 38.322 if these proposals are agreed. 
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