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1 Introduction 
In the new WID of enhanced IIoT and URLLC support for NR, the following objective about RAN enhancements on new QoS parameters is included [1]:

	1. RAN enhancements based on new QoS related parameters if any, e.g., survival time, burst spread, decided in SA2. [RAN2, RAN3] 


2 Survival Time
2.1 Background

In TS 22.104 [2], Survival time is defined as 
	survival time: the time that an application consuming a communication service may continue without an anticipated message.


In RAN 112e [3], a discussion took place to agree on how to interpret the survival time from a RAN standpoint. The following Survival time measure was adopted:

Several open issues were further discussed in the offline email discussion [4] (Summarized in [5]). RAN2 113e meeting [6] subsequently made the following agreements:

Agreements

-
Communication service availability (CSA) is not needed on top of survival time.  Send a reply LS to SA2 to notify such confirmation
-
RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.

-
Support for survival time in UCE is up to network configuration.

-
Continue discussing whether burst spread and burst ending time is beneficial from RAN2 perspective, but trigger the discussion after SA2 progress in February

-
Communication service reliability (CSR) is not needed on top of survival time
-
Only periodic traffic is considered for survival time work in Rel-17
-
RAN2 assumes one application message is conveyed by one PDCP SDU, and may further consider the cases where one application message is conveyed by varying number of PDCP SDUs depending on the progress
2.2 Uplink Enhancements to Support Survival time
There has been some discussion in RAN2 113e meeting on the issue of when enhancements are needed vs when the issue can be left to gNB implementation. There is already an agreement that:
In the RAN2 113e email discussion [4], there was wide support (~20 companies) to allow UE autonomous PDCP duplication in survival state to avoid survival time expiry. 

Observation 1: UE-autonomous PDCP duplication is widely supported to prevent Survival Time expiry.

Taking the PDCP duplication solution as a baseline, we briefly explain our view on how a UE can avoid survival time expiry. Suppose an application message (conveyed by one PDCP SDU by agreement from last meeting) is mapped into MAC PDU x as shown in the in Fig. 1. Assuming a licensed band operation, MAC PDU x initial transmission fails over a CG, the UE infers this failure from the DCI scheduling retransmission. Now the UE can use this DCI with NDI not toggled (indicating a retransmission) to infer a failure of Tx, entering the survival state and enhancing the transmission reliability by autonomously activating PDCP duplication for MAC PDU x+1 transmission. If x+1 is successful (indicated by an RLC ACK, the expiry of CG timer or some other method), the UE exits survival state and PDCP duplication can be deactivated, else the UE can maintain PDCP duplication until a successful transmission occurs. This DCI indication would have two advantages over relying on gNB implementation to activate duplication: 1. DCI is faster than a gNB MAC CE, thus, it is preferable since a MAC CE activating PDCP duplication may be slower than the required survival time (we elaborate on this idea later). 2. DCI incurs lower overhead than MAC CE as a dedicated MAC PDU is not needed.
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It has not been decided in RAN2 when UE-autonomous enhancements are needed vs when the gNB implementation and R16 gNB-initiated PDCP duplication can be relied on. We share our views on the issue by inspecting portions of Table 5-2.1 of TS 22.104 (V17.4.0) shown below.

In our view, the use cases can be split into two types:

· Stringent: The survival time is less than or equal N-times the transfer-time interval, where N is a small integer value, namely N is the minimum number of transfer intervals that takes the gNB to transmit a MAC CE activating PDCP duplication. For example, the wired-2-wireless use case in the table has a ST constraint of N=3 transfer intervals. This would belong to the stringent case, since there would likely be no sufficient time for the gNB to transmit a MAC CE initiating duplication within 3 transfer intervals.
· Non-stringent: The survival time is greater than N-times the transfer interval. This gives enough time to the gNB to detect a failure and send a MAC CE to the UE activating PDCP duplication. For example, in the mobile panels use case, the survival time is 12ms. This gives the gNB sufficient time to detect failures and transmit a MAC CE activating duplication. For this case, UL enhancements are not needed and gNB implementation is sufficient to satisfy ST requirements.
In Fig. 2 we show the difference between stringent and non-stringent cases, and how gNB implementation can handle non-stringent but not stringent cases.
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Observation 2: gNB implementation is not sufficient to handle the most stringent survival time requirements.

Proposal 1: RAN2 to introduce uplink enhancements to handle stringent survival time requirements. Non-stringent cases can be left to implementation. 
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2.3 Survival State at RAN
Central to the survival time discussion is “how to monitor and detect survival time at RAN?”. Survival time detection last meeting involved a large number of proposals. There were some proposals that argued for explicit signalling of Burst Ending Time and/or Burst Spread and in the end, it was agreed that: 
However, SA2 conclusion was to not provide Burst spread or Burt ending time to RAN [7]:
Observation 3: SA2 has decided not to pursue burst spread or burst ending time.

Furthermore, from a RAN standpoint, tracking the application layer bursts to try and anticipate proactively when a survival timer should start would be complex. We prefer a reactive approach where RAN would start the survival state reactively upon a packet failure without considering burstiness of the application. 
Proposal 2: From RAN2 perspective, Burst Ending Time and Burst Spread knowledge are not needed at RAN for survival time monitoring. 
In our view, this issue is better split between licensed and unlicensed bands since unlicensed bands can have more efficient methods for monitoring not available to the licensed operation. 
Observation 4: Survival state triggers/monitors in the UE can be different between licensed bands and UCE depending on the configuration.
Proposal 3: RAN2 to introduce separate Survival Time triggers to licensed and unlicensed bands. 
The challenge in survival time monitoring is how a UE can identify a failure thereby entering survival state. Obviously, the licensed case is more challenging due to lack of feedback in CG. 
Proposal 4: In Licensed band, a survival state can be entered either upon receiving an implicit NACK (DCI scheduling a re-tx of a CG) or an RLC ARQ explicit NACK. RAN2 can further discuss those two options. 
Proposal 5: In UCE, a survival state can be entered upon encountering an LBT failure(s), NACK, or CG re-tx timer expiry. RAN2 can assess different options taking into account different possible network configurations. FFS on whether the LBT failure could be for any signal or for PUSCH only.
Proposal 6: In Licensed band or UCE, UE exits survival state upon receiving an explicit ACK or upon CG timer expiry. 

2.4 Survival time expiry avoidance

We follow with the two common categories of solutions proposed by companies.
Proposal 7: RAN2 to consider UE RAN enhancements to satisfy survival time constraint from the following categories:

· Category 1: UE Autonomous PDCP duplication.

· Category 2: Adaptive L1/L2 parameter modification.

It remains to be seen how much benefit can be obtained from those solution categories. Category 1 would be beneficial only if an SN is configured, and some resources are available on the SN that are not necessarily provisioned for the URLLC application but can be used to avoid survival expiry since that type of traffic can have priority over any other traffic. Category 2 has questionable utility as URLLC traffic is already expected to have the highest LCH priority, which does not leave space to adaptively increase priority. The same can be said about L1 parameters to some extent, however we expect RAN2 to have a more involved discussion about that.
Finally, it remains to discuss the most stringent case in Table 5-2.1 where the survival time is 0.5-1ms. In this special case, there is likely no sufficient time for the gNB/UE to effectively detect (and signal if necessary) survival state before ST expiry. In this case, we can resort to the proactive option proposed in [8] to boost reliability periodically every N packets (e.g. periodically activate PDCP duplication every other packet to guarantee no two consecutive packets are lost). While this solution incurs a significant cost in terms of spectral efficiency, it may help for the case when the gNB/UE has no time to detect and signal survival state.
Proposal 8: RAN2 to consider pro-active packet reliability boosting for cases where gNB/UE cannot be guaranteed to detect packet loss within Survival Time.
2.5 UE side survival state
It has been proposed [4] that a UE Tx-side timer is needed to track survival state once entered. However, we think that this is a big unnecessary addition to the UE stack. In our view, consistent with only introducing solutions for stringent cases, a UE needs to recover from the survival state as fast as possible. Thus, it is not beneficial for the UE to precisely know the survival time and run a timer to track survival state, as the UE would be deploying the possible solutions to recover from survival state (e.g., PDCP duplication) whenever UL resources become available, i.e., it suffices for UE to be configured by the network to autonomously activate PDCP duplication in survival state without explicit knowledge of the remaining survival time.
Observation 5: UE does not need to know or track the survival time of specific applications to mitigate possible survival time expiry.

Proposal 9: Survival Time need not be explicitly signaled to the UE.

Proposal 10: No new Tx-side timers are needed at the UE to monitor Survival Time.
Proposal 11: The network can configure the UE to autonomously activate PDCP duplication upon entering survival state without explicit survival time requirement signaling.
2.6 UE-UE communication case
In the email discussion [4], the following has been noted:

“For use cases such as Wired-2-wireless link replacement, the maximum transfer interval covers two wireless links (in accordance to Table 5-2.1 in TS 22.104: NOTE 5:Communication includes two wireless links (UE to UE). ). Therefore, there could be a cross-dependency between monitoring/responding to survival time state in one link and status of another link.”

Although it is true that the UE-UE communication case means that survival time should be monitored end-to-end, RAN2 has agreed to:

“RAN2 confirms that specification enhancement for survival time support may only needed for uplink. Downlink is addressed by implementation and no specification impacts.” 
Since RAN2 will focus on the uplink enhancements, it makes sense for these UE-UE communication cases to split the ST budget between DL and UL, and optimize UL to fit half the budget independently:

Proposal 12: RAN2 not to pursue end-to-end optimizations for the UE-UE communication case. 

For the downlink side, the gNB implementation can proactively boost reliability right after encountering a period with no packet arrival. This means that in UE-UE communication, whenever the gNB encounters an idle period (period with no packet arrival), the gNB assumes a failure happened on the UL side and proactively enters survival state. This can guarantee increased reliability in survival state without explicit signaling. 
3 Burst Spread
In TS 23.700-20[7], a description of burst spread is given as the following highlighted part:

	b)
Ability for AF to indicate periodicity, burst size, burst arrival time (as defined in Rel-16 for TSC Assistance information) and Survival Time, optionally burst spread (variation of burst arrival time for DL traffic resulting from jitter on N6, if applicable) along with Time Domain (reference for these parameters) associated with these parameters to the NEF


It is hard to anticipate for now the proper RAN enhancements, if any, that can be added to mitigate the effect of burst spread. Thus, at this point, it may be better to wait for SA2 to conclude discussions on burst spread to specify the RAN role.

Observation 6: There are no current requirements to study burst spread from RAN side.
Proposal 13: RAN2 to wait for SA2 to conclude discussions on burst spread before discussing possible RAN enhancements.
4 Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: UE-autonomous PDCP duplication is widely supported to prevent Survival Time expiry.

Observation 2: gNB implementation is not sufficient to handle the most stringent survival time requirements.

Proposal 1: RAN2 to introduce uplink enhancements to handle stringent survival time requirements. Non-stringent cases can be left to implementation. 

Observation 3: SA2has decided not to pursue burst spread or burst ending time. 
Proposal 2: From RAN2 perspective, Burst Ending Time and Burst Spread knowledge are not needed at RAN for survival time monitoring. 
Observation 4: Survival state triggers/monitors in the UE can be different between licensed bands and UCE depending on the configuration.
Proposal 3: RAN2 to introduce separate Survival Time triggers to licensed and unlicensed bands. 
Proposal 4: In Licensed band, a survival state can be entered either upon receiving an implicit NACK (DCI scheduling a re-tx of a CG) or an RLC ARQ explicit NACK. RAN2 can further discuss those two options. 

Proposal 5: In UCE, a survival state can be entered upon encountering an LBT failure(s), NACK, or CG re-tx timer expiry. RAN2 can assess different options taking into account different possible network configurations. FFS on whether the LBT failure could be for any signal or for PUSCH.
Proposal 6: In Licensed band or UCE, UE exits survival state upon receiving an explicit ACK or upon CG timer expiry. 

Proposal 7: RAN2 to consider UE RAN enhancements to satisfy survival time constraint from the following categories:

· Category 1: UE Autonomous PDCP duplication.

· Category 2: Adaptive L1/L2 parameter modification.
Proposal 8: RAN2 to consider proactive packet reliability boosting for cases where gNB/UE cannot be guaranteed to detect packet loss within Survival Time.
Observation 5: UE does not need to know or track the survival time of specific applications to mitigate possible survival time expiry.

Proposal 9: Survival Time need not be explicitly signaled to the UE.

Proposal 10: No new Tx-side timers are needed at the UE to monitor Survival Time.
Proposal 11: The network can configure the UE to autonomously activate PDCP duplication upon entering survival state without explicit survival time requirement signaling.
Proposal 12: RAN2 not to pursue end-to-end optimizations for the UE-UE communication case. 

Observation 6: There are no current requirements to study burst spread from RAN side.
Proposal 13: RAN2 to wait for SA2 to conclude discussions on burst spread before discussing possible RAN enhancements.
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Agreements 


=>Time period during which “message loss” can be tolerated is adopted as the preferred format for Survival time.  FFS how this will be achieved and what message loss means in RAN2





“RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.”








Fig 1. Entry and Exit of Survival Time state





Fig. 2 gNB implementation in stringent vs Non-stringent case





Continue discussing whether burst spread and burst ending time is beneficial from RAN2 perspective, but trigger the discussion after SA2 progress in February”









