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1 Introduction

One of the objectives of the Work Item Support of NR Industrial Internet of Things (IoT) is to study and specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication is also one technique which can be considered. This contribution is discussing details of a selective duplication mechanism in particular in light of the new QoS parameter “survival time”.   
2 Discussion

PDCP duplication is a key feature adopted by Rel-15 to facilitate URLLC, which can be conducted in both downlink and uplink. The NR IIoT Work Item aims to further enhance such feature in order to improve both performance and efficiency of the scheme. The survival time is a new QoS parameter introduced by IIoT applications which is related to the application availability REF _Ref972273 \r \h 
 \* MERGEFORMAT . It can be considered as the time period “Deadline for message reception” after a message failure occurred before the application is declared as “unavailable”, i.e. transiting to the “down state”. The concept of survival is best explained in TR22.804.
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Figure A.2-1: Definition of up time, down time and up state, down state, also showing survival time
As already analyzed in several contributions, the goal should be to avoid the application transiting to the “down state”. Therefore RAN should ensure by increasing the reliability of the wireless link such that the survival timer is not started, i.e. avoiding successive message failures as much as possible, or for cases when the survival timer has been started ensuring that the next transmission(s) are successfully received within the end-to-end latency budget such that the application goes back to “normal operation”, i.e. avoiding the expiry of the survival timer and consequently the transition to the “down state”. 
Observation 1: RAN should address the survival time by avoiding as much as possible the starting of the survival timer or when the survival timer has been started ensuring that the next packet transmission(s) are successfully received within the end-to-end latency budget such that the application goes back to “normal operation”, i.e. avoiding the expiry of the survival timer and consequently the transition to the “down state”.
Proposal 1: RAN2 should study RAN-based mechanisms for increasing the link reliability in order to avoid the starting and expiry of the survival timer, i.e. avoiding that the application transits to the “down state”.
As already discussed in the last RAN2 meeting one way to increase the reliability of transmissions over the wireless link in order to avoid that the application transitioning to the “down state” by applying PDCP duplication. PDCP duplication is a key feature adopted by Rel-15 to facilitate URLLC application. According to the mechanism specified for Rel-15, duplication is activated/deactivated by means of MAC CE signaling from the gNB. However the activation/deactivation of PDCP duplication by MAC CE signaling from NW might not be fast enough for the applications targeted within the NR IIoT Work Item. Therefore some companies proposed to allow the UE to autonomously enable PDCP duplication for selected packets. In [1] it was proposed that UE implicitly activates duplication upon receiving a non-toggled NDI for an UL HARQ process carrying a DRB requiring the support of a survival time. We also think that a UE based solution for enabling selective packet duplication is necessary. 

Proposal 2: RAN2 should consider a UE-based mechanism for selective PDCP duplication for increasing the link reliability in order to avoid the start and expiry of the survival time, i.e. avoiding that the application transits to the “down state”.
Similar to other companies we think that UE should enable implicitly packet duplication when the transmission of a TB was NACKed by the receiver, i.e. upon the reception of a retransmission UL grant. The UE should enable duplication for the next HARQ transmission in order to avoid that the packet is considered as lost by the application and consequently the survival timer started. In order to be able to transmit duplicate(s) of a PDCP PDU for which the original PDCP PDU is under HARQ retransmission, i.e. Retransmission grant has been received for the MAC PDU containing the original PDCP PDU, the duplicates of the original PDCP PDU must be already available for transmission for the secondary LCH(s). Therefore UE duplicates each PDCP PDU at the PDCP transmitting entity and submits the duplicate(s) proactively to at least one secondary RLC entity/LCH. Essentially UE pre-generates the duplicates of the PDCP PDUs and delivers them to the secondary LCH(s) in order to be prepared for quickly enabling duplicate transmissions, i.e. for cases when the MAC PDU containing an original PDCP PDU needs to be retransmitted. UE may further pre-generates RLC PDU(s) upon receiving the duplicated PDCP PDUs from the PDCP transmitting entity. It should be noted that the pre-generation of PDCP/RLC PDUs is already supported in NR Rel-15, i.e. pre-processing. 

Proposal 3: Upon reception of a UL DCI requesting a retransmission of a TB, UE implicitly enables duplication for the subsequent HARQ transmissions. 

Proposal 4: UE pre-generates PDCP PDU duplicates and the corresponding RLC PDUs for the secondary LCH(s) in order to be prepared for quickly enabling duplicate transmissions, i.e. for cases when the MAC PDU containing an original PDCP PDU needs to be retransmitted.
It is expected that SPS and Configured Grants (CG) will play a key role in serving the various co-existing traffic types expected in TSN networks. As a result it is assumed that TSN streams carrying delay-sensitive data, e.g. URLLC traffic, requiring the support of a survival time is mapped onto an UL DRB which is configured with duplication across 2 or more legs. The associated LCHs are e.g. mapped onto configured grants (e.g. via LCP restriction parameter) dimensioned such that the resources are well aligned with the data arrival time and also well dimensioned to carry a complete TSN message/PDCP SDU, so that RLC does not need to segment it.
UE discards the pre-processed duplicate PDU(s) which are stored at the RLC layer upon receiving an UL DCI with a toggled NDI, i.e. confirming the successful reception of a MAC PDU. By discarding the duplicate RLC PDUs stored for the secondary LCH(s), it is ensured that a duplicate transmission is not performed unnecessarily for cases when the original PDCP PDU was already successfully transmitted via the primary LCH, thereby avoiding a wastage of radio resources. Further when discarding the pre-processed RLC PDU(s), UE reassigns the RLC SNs of the subsequent RLC PDUs in order to avoid a RLC SN gap as in NR Rel-15. Upon reception of a retransmission DCI for a MAC PDU, UE enables duplicate transmissions for the PDCP PDU for which a HARQ retransmission is requested and for further subsequent PDCP PDUs. Essentially when a Retransmission DCI is received UE performs a HARQ retransmission of this MAC PDU and also in addition transmits the pre-generated RLC PDU(s) containing the duplicate PDCP PDU(s) for the secondary LCH(s) which are available for transmission and pending for initial transmission.   

Proposal 5: UE discards the pre-generated RLC PDUs for the secondary LCH(s) containing the PDCP PDU duplicates, when a DCI with a toggled NDI is received.
Proposal 6: When discarding pre-generated RLC PDUs for the secondary LCH(s) UE reassigns the RLC SN for subsequent RLC PDUs as in NR Rel-15.
3 Conclusion
Based on the above discussion, we suggest that agree on the following observations and proposals:
Observation 1: RAN should address the survival time by avoiding as much as possible the starting of the survival timer or when the survival timer has been started ensuring that the next packet transmission(s) are successfully received within the end-to-end latency budget such that the application goes back to “normal operation”, i.e. avoiding the expiry of the survival timer and consequently the transition to the “down state”.
Proposal 1: RAN2 should study RAN-based mechanisms for increasing the link reliability in order to avoid the starting and expiry of the survival time, i.e. avoiding that the application transits to the “down state”.
Proposal 2: RAN2 should consider a UE-based mechanism for selective PDCP duplication for increasing the link reliability in order to avoid the start and expiry of the survival time, i.e. avoiding that the application transits to the “down state”.
Proposal 3: Upon reception of a UL DCI requesting a retransmission of a TB, UE implicitly enables duplication for the subsequent HARQ transmissions. 

Proposal 4: UE pre-generates PDCP PDU duplicates and the corresponding RLC PDUs for the secondary LCH(s) in order to be prepared for quickly enabling duplicate transmissions, i.e. for cases when the MAC PDU containing an original PDCP PDU needs to be retransmitted.

Proposal 5: UE discards the pre-generated RLC PDUs for the secondary LCH(s) containing the PDCP PDU duplicates, when a DCI with a toggled NDI is received.

Proposal 6: When discarding pre-generated RLC PDUs for the secondary LCH(s) UE reassigns the RLC SN for subsequent RLC PDUs as in NR Rel-15.
4 References

[1] RP-182090, Revised Industrial IoT SID. 

1

