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Introduction
RAN enhancements in Rel-17 for new QoS and the utilization of survival time has been discussed by RAN2 since RAN2#112-e. It was agreed in the last RAN2 meeting [2] to at least rely on reception of HARQ NACK as a trigger to enter Survival Time. Following entry into the Survival Time state, PDCP duplication for Survival Time configuration is activated. 
Agreements from R2#115e:
Agreements
1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback
2. Given the application message size range under study, RAN2 will not optimize the ST design based on case of segmentation of message into multiple TBs. (This does not preclude the use of RLC segmentation; instead, it rules out optimizations for the case with RLC segmentation) 
3. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  
4. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS.  
This contribution evaluates design options for the QoS solution based on PDCP duplication and discusses remaining open issues.

Discussion
Considerations around survival time triggers and cross-layer interaction
Based on previous RAN2 discussions we assume the gNB can pre-configure the set of RLC entities used for PDCP duplication in survival time state. Pre-configuration of a dedicated set of RLC entities for survival time allows to configure a subset that is not necessarily the maximum number of RLC entities supported by the UE for PDCP duplication. This offers some flexibity to accommodate actual radio conditions as well as the reliability required for the service, while also honouring spectrum and energy efficienly. In addition, we consider the support of survival time as a property that is configurable for a DRB. Alternatively, survival time could be associated with a dedicated set of CGs, a special LCP restriction or even an UL grant. 
Let’s first consider the case when survival time is associated with a per DRB requirement and there is a Tx-side HARQ-NACK counter controlling the entry into survival time. Depending on the LCH to CG mapping (e.g., through allowedCG-List) a transport block can contain a mix of SDUs from different DRBs. Among the MAC SDUs contained in the TB only a subset of of SDUs might belong to a DRB configured with survival time. In a more extreme case the same TB might even carry multiple DRBs configured with survival time. The transfer interval associated with some of these DRBs may tolerate just a single HARQ-NACK and while the transfer interval associated with other DRBs tolerates a different amount of HARQ-NACKs. Thus the UE and the gNB need to identify the DRBs and their respective association with a HARQ-NACK count for the SDUs contained in the transport block. 
Obviously one option is to map DRBs with similar survival time entry (number of HARQ NACKs) and reliability requirements onto the same CGs. However, this may not cover all cases since the number of CGs is limited and the Rel-16 allows a relatively free mapping of LCHs to CGs as well, essentially the mapping is defined by the QoS required and not necessarily by the number of upper layer messages to be sent, or the lead time and length of the survival time. Further, such option may increase the amount of multiple CGs required in a cell and reduce flexibility for the CG mapping. Another aspect is that UEs may only support a limited amount of multiple CGs, thus the problematic scenario may be difficult to avoid in some cases. 
Proposal 1: RAN2 to address the case where DRBs with and without survival time requirement are mapped to the same TB. 
Proposal 1a: RAN2 to consider a case where SDUs from multiple DRBs with a survival time requirement are contained in the same TB, potentially each of them having different transfer interval and/or lead time for survival time entry. 
Solution options
If the counting happens in the MAC layer, then UE and gNB can identify a DRB with a survival time requirement by looking at, for instance, the LCID in the MAC PDU. The MAC layer can receive information from upper layers as to which LCIDs are associated with survival time and what is the value of N for the HARQ-NACK counting. 
As far as the interaction between MAC and PDCP is concerned, the 3GPP solution should not impose a requirement that implies frequent exchange of information between different layers. In other words the supervision of conditions for entering the survival time may reside in MAC and PDCP is only informed when required – still on time to trigger PDCP duplication for the next PDCP PDU associated with a DRB in survival time. This is especially relevant when N is greater than one. PDCP does not need to know each and every HARQ-NACK, rather, MAC can consolidate the HARQ feedback and inform PDCP when needed. 
Proposal 2: Interaction between MAC and PDCP is governed by the counting of transmission failures at MAC level. 
Counting of HARQ-NACK when PDCP duplicaton is activated (either before survival state or during the survival state itself) deserves special attention. As PDCP duplication involves sending copies of PDCP PDUs over different RLC legs and the same PDU is transmitted multiple times, one approach is to use the same HARQ-NACK trigger threshold on either side. 
That is, whichever RLC leg arrives first at the configured number of HARQ-NACKs N triggers entry into survival time. For example, if the configured number of N=2 and PDCP duplication was active over two legs, reception of one HARQ-NACK on leg1 and one HARQ-NACK on leg2 does not trigger an entry into survival time. Whereas, if either of the two legs reaches two HARQ-NACKs in response to a TB, the criterion to enter survival time is fulfilled. This method does not require interaction between different MAC entities, which helps reduce implementation complexity. It also seems reasonable because the same PDCP PDUs are sent on all RLC legs. 
Proposal 3: When PDCP duplication is already activated the solution should avoid dependencies between different MAC entities.
During the email discussion a number of companies indicated a preference to consider in the solution a scenario where a HARQ-NACK is lost [7]. If the HARQ-NACK does not reach the UE in bad radio conditions, the UE’s entry into survival time state gets delayed or does not happen at all. This means the UE and the gNB are out-of-sync for their under understanding of the survival time status. One simple approach to mitigate this problem is to use a Tx-side timer in addition to the HARQ-NACK. Survival time is triggered upon a) reaching N number of HARQ-NACKs or b) expiry of the Tx-side timer. Such combined operation may not be required all the time and could be configurable by the network. 
Proposal 4: A combination of Tx-side timer and HARQ-NACK can be used to mitigate the case where the HARQ-NACK is lost. The use of a Tx-side timer (as well as the timer value) should be configurable by the network.
We think that a single trigger mechanism may not be sufficient to cover all scenarios. Hence we would like RAN2 to consider both counter-based and Tx-side timer methods in order to ensure reliability requirements can be met during survival time in different scenarios. The network can configure the Tx-side timer as an optional method in addition to the default counter-based method.

Exit from survival time state
If message delivery continues to fail during survival time the application enters a down state. Once the communication service is restored the application may do a recovery and change to up state again. The time needed for the application to return to the up state after the communication service is restored is shown as “application recovery time” in Figure 1 below. TS 22.104 has additional details.
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Figure 1: Application recovery time in TR 22.832
To prevent the UE from fluctuating between different levels of error protection by turning on/off survival time, a different (typically higher) number of successful transmsissions M (e.g., M number of HARQ ACKs) may be required before the UE is allowed to exit survival time state. In addition, the period in survival time state may cover for the application recovery time.
Alternatively, the exit from survival time state can be controlled by a timer. The exit timer may start when survival time begins. However, if radio conditions continue to be insufficient, a UE better stays in survival time state for a prolonged period of time. To avoid having to restart the exit timer multiple times, perhaps a straightforward solution is to start the exit timer upon detection of the first successful message transmission. The timer stops if the UE continues to experience transmission failures. For example, the exit timer is stopped if the UE receives another HARQ-NACK (or a configurable number of HARQ NACKs), similar to the condition to enter survival time. And the UE exits survival time on expiry of the timer. The application recovery time may be included in the exit timer (preferred). Another option is to use different exit timers for survival time and application recovery time.
Lastly, a fair option is to have the network indicate the exit from survival time. This allows for more flexibility (and possibly implementation robustness) but comes with the downsize of extra signalling. A mechanism with a pre-defined leaving condition such as an ACK counter or an exit timer can utilize radio resources more efficiently.
Proposal 5: For enhanced protection the application recovery time is part of the survival time state. 
Proposal 6: The exit from survival time is controlled by an exit timer or an ACK counter to avoid extra signalling every time the UE exits survival time. The timer/counter value is specific to a DRB in survival time state and configurable by the network. 

UE capability aspects
RAN2 discussed the introduction of a network configuration parameter to enable survival time mode. Complementary to such a parameter the UE’s ability to support operation in survival time can be captured in a new UE capability. 
Proposal 7: RAN2 to introduce a new UE capability for support of survival time. 
The ability to support survival time is useful not only for very stringent QoS requirements but also in a range of scenarios and services. Since PDCP duplication is selected as a method to enhance the reliability during survival time state, obviously the support of PDCP duplication becomes a pre-requisite for the new UE capability. However, the support of more than two RLC legs is an independent UE capability. Such a structure allows different types of UEs to utilize the survival time feature and allows for some flexibility. In other words a UE supporting only 2 RLC legs should be able to support the survival time feature as well. 
If a Tx-side timer is supported in addition to the HARQ-NACK as proposed in section 2.1, such option could have its own RRC configuration and its own UE capability. 

Conclusions
This paper discusses design options for the QoS solution based on PDCP duplication and discusses remaining open issues. We have the following observations and proposals:
Proposal 1: RAN2 to address the case where DRBs with and without survival time requirement are mapped to the same TB. 
Proposal 1a: RAN2 to consider a case where SDUs from multiple DRBs with a survival time requirement are contained in the same TB, potentially each of them having different transfer interval and/or lead time for survival time entry. 
Proposal 2: Interaction between MAC and PDCP is governed by the counting of transmission failures at MAC level. 
Proposal 3: When PDCP duplication is already activated the solution should avoid dependencies between different MAC entities.
Proposal 4: A combination of Tx-side timer and HARQ-NACK can be used to mitigate the case where the HARQ-NACK is lost. The use of a Tx-side timer (as well as the timer value) should be configurable by the network.
Proposal 5: For enhanced protection the application recovery time is part of the survival time state. 
Proposal 6: The exit from survival time is controlled by an exit timer or an ACK counter to avoid extra signalling every time the UE exits survival time. The timer/counter value is specific to a DRB in survival time state and configurable by the network. 
Proposal 7: RAN2 to introduce a new UE capability for support of survival time. 
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