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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:
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Fig 1. Timeline of gNB implementation solution



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
It is useful before discussing specifics to lay down the table of survival time use cases specified by SA1 in TS 22.104:
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2.2 The Limits of gNB Implementation
Post RAN2 113 #bis-e, there was a long email discussion where views were exchanged [7]. There is already an agreement that:
The most contentious topic was whether a standardized solution is needed or whether the gNB can sufficiently handle the task of increasing link reliability in survival state in-order to prevent survival time expiry We use this section to present our views on the limit of gNB implementation. 
As a representative use case, we take PDCP duplication as the baseline approach to increase link reliability once the UE enters a survival state since this is:
· The common method in NR for increasing reliability and mitigating a deep link fade.

· Widely supported by companies as a reliability boosting solution in survival state.

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

Taking the PDCP duplication solution as a baseline, we show in Fig.1 how the gNB can detect a decoding failure, then react by sending a MAC CE activating PDCP duplication. We refer to the time between detecting the PDU failure and the first duplicated PDU from the UE as the Response time (Tresp). We quantify the response time for the gNB implementation solution as follows:
Tresp-gNB=TgNB_proc+TMAC_CE+TUE_proc
Where TgNB_proc is the time it takes the gNB to attempt decoding and processing the incoming PDU, TMAC_CE is the time it takes for the gNB to transmit a MAC CE to the UE, and TUE_proc is the time it takes the UE to receive the MAC CE, process it and activate PDCP duplication. Recall that for this solution to work we need the Tresp-gNB + Tperiod<Survival Time. We add the value of one application period (duty cycle) Tperiod to account for the fact that one duty cycle has elapsed since the Rx last received a successful PDU. It is hard to quantify Tresp-gNB, since all its components are implementational in nature. However, we believe that 5 ms is a realistic lower bound for that value, thus we conclude that the response time of the implementational solution is lower bounded by 5 ms.


Observation 2: The gNB implementation solution response time for PDCP duplication can be approximately lower bounded by 5ms. 

Inspecting Table 5-2.1 in TS 22.104 that specifies the use cases, we note that most use cases have an ST requirement lower than 5ms, so we conclude that this would be the limitation on the gNB implementation solution. 
Observation 3: The gNB implementation solution will not be useful for many Survival Time use cases. 

Proposal 1: RAN2 to introduce UE-based reactive solutions for short Survival Time use cases.

2.3 UE Autonomous Operation

The UE based solution can be used for short Survival time flows (<5ms). There have been two main approaches proposed. The first is autonomous PDCP based duplication and the second is adaptive L1/L2 configuration by changing LCP, LCH, MCS, power boosting, etc. dynamically to increase reliability on the fly. We have two issues with the second solution. 

A. Flows with ST constraints are already configured very conservatively in terms of MCS, LCP, etc. (expected to have the highest priority), and thus it is doubtful that there is any room to improve on that by “flexibly” changing any of those parameters.
B. Changing L1 parameters on the fly needs tight alignment between UE and gNB on the Tx parameters which is not a trivial task and can introduce further errors.

Thus, it is not preferable to explore this solution now. RAN2 should prioritize working on autonomous PDCP duplication and only discuss adaptive L1/L2 configuration if needed as a supplement.
Observation 4: Adaptive L1/L2 changing solution has unclear benefits and will be hard to robustly implement.
Note that autonomous PDCP duplication does not suffer from issue A or issue B. Specifically for issue B, UE and gNB only need to activate the carrier simultaneously (which is done via configuration). Furthermore, any misalignment between UE and gNB in the duplication process can only affect the duplicate carrier without risking the operation of the primary carrier. 
Proposal 2: RAN2 to adopt a UE autonomous PDCP duplication reactive approach for Survival Time flows.

We propose the operation of increasing link reliability be as follows in the UE

· The UE enters a survival state according to some standardized trigger.

· UE autonomously activates PDCP duplication upon entering survival state.

· UE exits survival state and switches off PDCP duplication according to some FFS criteria.

· The NW to configure this whole process.

2.4  Survival Time in UCE

In RAN2#113-e, it was agreed:

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

Our reading of this agreement is that configuring/scheduling UL transmissions of a flow/DRB/LCH configured with Survival Time on an unlicensed frequency cell under controlled environment (UCE) is not precluded and thus, RAN2 should also consider how the system operates for ST flows in UCE. Network configuration can then enable/disable this feature, however still, if the network has ST flows in UCE, there should be a complete solution that guarantees ST violations very rarely happen, if ever. 
Observation 5: RAN2 agreement did not preclude Survival Time flows in Unlicensed Controlled Environments. 

There are two critical differences between UCE and the licensed band that make using a solution developed for licensed band inappropriate for UCE:

A. UCE is subject to LBT failures. This gives the UE a very early indication of PDU failure. This is different from the licensed band when the gNB would be the first node to know of a potential failure and would have to signal that to the UE to take some action.

B. The NR-U CG allows for DFI feedback, which is different from licensed band CG that does not have explicit feedback and must rely on other indications to infer failure.  
Those two factors indicate that 1. Designing a solution for UCE would actually be easier than licensed band. 2. The solution for a licensed band would not be equipped to deal with LBT failures. For example, if the licensed band relies on a DCI with HARQ not toggled to infer a packet failure, this would not be available in case of LBT failures which means that the UE would not enter the survival state on time possibly causing ST expiry.
Observation 6: Licensed operation and UCE have fundamentally different properties that would make a solution designed for licensed band not suitable for application in UCE.  

Proposal 3: RAN2 to introduce specific triggers for UCE use case.
Recall that UE solutions are needed for extremely short Survival Times, thus the ST trigger should be configured aggressively to enter survival state. Following that principle, UCE offers better “visibility” for the UE to enter survival state. A UE should use both LBT failure(s) and DFI NACK(s) to trigger a survival state and activate duplication. Finally, we note that the difference between UCE and licensed bands is only in the Survival state triggers; The rest of the survival time operation, i.e., increasing link reliability and exiting the survival state is identical to the licensed band.
Proposal 4: 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 considering different possible network configurations. FFS on whether the LBT failure could be for any signal or for PUSCH only.

2.5 Survival Time in Licensed band

The challenge in licensed band is that there is no DFI feedback that can be used to trigger a survival state. Forcing the gNB to send an explicit ACK/NACK would be a big and likely infeasible change in the spec. Thus, this leaves the UE with very limited options for triggers in licensed bands. The UE can only infer a NACK from a scheduled retransmission of the failed PDU, i.e., a DCI for the same HARQ process with NDI not toggled; We refer to this as an implicit NACK.
Observation 7: Detecting and triggering a survival state in the licensed band is challenging due to the absence of explicit feedback.

Proposal 5: In licensed band, a survival state can be entered upon receiving an “implicit NACK”, i.e., a scheduled retransmission on a HARQ process carrying a PDU belonging to a Survival Time flow.
It remains to treat the corner case when the gNB is not even aware of a transmission due to very weak received RSRP for a CG, for example. In that case, we need to ensure that the gNB knows that the CG carries deterministic periodic traffic, and thus even in this case, the gNB should assume there was a PDU decoding failure and send a DCI scheduling a retransmission on a DG.

Proposal 6: gNB to always assume a PDU is transmitted on the CG designated to Survival time flows. 
3 Burst Spread
In TS 23.700-20[8], 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 8: There are no current requirements to study burst spread from RAN side.
Proposal 7: 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 by companies to prevent Survival Time expiry.

Observation 2: The gNB implementation solution response time for PDCP duplication can be approximately lower bounded by 5ms. 

Observation 3: The gNB implementation solution will not be useful for many Survival Time use cases. 

Proposal 1: RAN2 to introduce UE-based reactive solutions for short Survival Time use cases.

Observation 4: Adaptive L1/L2 changing solution has unclear benefits and will be hard to robustly implement.

Proposal 2: RAN2 to adopt a UE autonomous PDCP duplication reactive approach for Survival Time flows.

Observation 5: RAN2 agreement did not preclude Survival Time flows in Unlicensed Controlled Environments. 

Observation 6: Licensed operation and UCE have fundamentally different properties that would make a solution designed for licensed band not suitable for application in UCE.  

Proposal 3: RAN2 to introduce specific triggers for UCE use case.

Proposal 4: 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 considering different possible network configurations. FFS on whether the LBT failure could be for any signal or for PUSCH only.

Observation 7: Detecting and triggering a survival state in the licensed band is challenging due to the absence of explicit feedback.

Proposal 5: In licensed band, a survival state can be entered upon receiving an “implicit NACK”, i.e., a scheduled retransmission on a HARQ process carrying a PDU belonging to a Survival Time flow.

Proposal 6: gNB to always assume a PDU is transmitted on the CG designated to Survival time flows. 

Observation 8: There are no current requirements to study burst spread from RAN side.
Proposal 7: 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.”












