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1   Introduction
At RAN2#112-e, initial discussion was held on Survival Time and its impact on RAN, motivated by the LS received from SA2 (S2-2007880), and in line with the following objective of the Rel-17 IIoT WI (from RP-201310):
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 

We ended up agreeing the following at RAN2#112-e:

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

At the subsequent RAN2 meeting (RAN2#113-e), the following was additionally agreed:
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
Following the email discussion [POST113bis-e][506][R17 IIoT] Enhancements based on QoS (CATT), captured in R2-2104897, the following agreements were made at RAN2#114-e (May 2021):

Agreement:

1. RAN2 does not consider the Burst Spread parameter in RAN

2. The Burst End Time parameter in RAN is out of scope for Rel-17 IIoT WI.

3. No specific enhancements in support of Survival Time in UCE will be studied in R17, but we should aim for solutions for Survival time that also work in UCE 

4. When Survival Time information is provided in TSC AI, RAN action (gNB and/or UE) can utilize it to improve the associated link reliability so that the survival time requirement is met

5. Study fast mechanisms for survival time handling and the need

Following a subsequent offline discussion (captured in R2-2106558) during RAN2#114-e, the following additional agreements were made:

Agreements:

1
RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)

2
Survival Time triggered proactively based on Sequence Number is deprioritized

3
UE-based reactive solution based on RLC-NACK is not pursued

4
RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation.   RAN2 assumes that gNB implementation solutions on their own are not sufficient.  

It was additionally agreed to hold a post-meeting discussion ([Post114-e][511][URLLC/IIoT]), to progress the discussion further, in light of the agreements made.

As per the agreements above, RAN2 assumes that that gNB implementation solutions on their own are NOT sufficient. RAN2 additionally agreed to work on UE-based, reactive solutions to address survival time (ST) on top of gNB implementation. This tdoc focuses on open and contentious issues, aligned with above agreements, and in light of the ongoing [Post114-e][511][URLLC/IIoT].

2   Entering the ST state
ST is defined in 3GPP TS 22.104 as “the time that an application consuming a communication service may continue without an anticipated message”. Put another way, the survival time indicates the maximum time period the communication service may not meet the application's requirement before the communication service is deemed to be in an unavailable state. The system is considered unavailable if an expected message is not received within a specified time, which, at minimum, is the sum of maximum allowed end-to-end latency and survival time. In other words, the survival time indicates to the communication service the time available to recover from failure. How and when to apply ST assistance information is then up to RAN2.
So the first item we would like to address are various ways in which the terminal could enter the ST state. 
Based on responses to [Post114-e][511][URLLC/IIoT] received to date, it appears that the majority is veering towards “HARQ-NACK” (retransmission request) based triggering of entry into ST state, and away from Tx-side based timer solutions.
We still believe that Tx-side timer based solutions have significant benefits and propose that RAN2 continues its study of this solution (in addition to retransmission request based triggering, which may become the baseline solution based on current majority support, but this still needs to be confirmed):
Proposal 1: RAN2 to continue work on solutions using Tx-side timer and HARQ feedback.

One clarification is needed here (as already made in the past) – the timer referred to in Proposal 1 is used to monitor whether ST should enter the ST state.

We further propose the following:

Proposal 2: RAN2 to discuss granularity of ST configuration (e.g. service flow, DRB, LCH, LCG).
We additionally propose the following:

Proposal 3: Any additional families of solutions should only be considered if significant benefits over baseline ST handling (retransmission request based triggering, and Tx-side timer based solutions) can be shown.

3   Behaviour of UE in the ST state
Next, we need to discuss behaviour of UE once it enters the ST state. [POST113bis-e][506][R17 IIoT] has discussed this at length and the prevailing opinion seems to be that “when a service flow, configured with survival time, enters survival time, RAN action (gNB and/or UE) should be to improve the associated link reliability to make sure any subsequent message(s) can be delivered successfully before the survival time is violated”. This was confirmed by RAN2 when it was agreed that “When Survival Time information is provided in TSC AI, RAN action (gNB and/or UE) can utilize it to improve the associated link reliability so that the survival time requirement is met”.
Our view is that improving link reliability is indeed the most common use case. However, we feel that the opposite (relaxing reliability or at the very least doing nothing) is also a possibility, resulting in higher flexibility and covering a wider range of use cases for ST. We do not think we have to limit the use of ST to improving reliability, even though we concede it is the most common use case.
Here’s an example design, fairly generic:

· Focus is on UL, as agreed.
· UE is configured with ST (in units of time, as agreed).
· Granularity is FFS (e.g. service flow, DRB, LCH, LCG).
· Enter the ST state (Details FFS, see Section 3 above).
· Behaviour during the running time – could be with increased reliability (e.g. duplication, different MCS), or relaxed reliability

· Stop the timer when ACK is received.

The above captures both the option of relaxing the reliability requirement when the timer is running, and the opposite. Additionally, in above receiving ACK could be a trigger for both starting and stopping the timer. Receiving ACK from gNB could mean that the UE should start the timer for the next (i.e. new) transmission. But it could also mean that it could stop the timer for an ongoing transmission.
To summarize:

· ACK indicates relaxed reliability and NACK (or absence of ACK) indicates stringent reliability transmission methods being applied (to this packet and/or the next packet)

· ACK could also indicate stringent reliability since its reception/inference may be later than preferred (e.g. still within a prescribed window, but considered ‘late’ for the given application requirements; also, delays could be accumulating)

Our initial thinking is that the use of the timer related to ST should be used to relax reliability, and receiving ACK should be used to start the timer. More specifically, we envisage the following behaviour:
· If UE receives ACK, UE should send the next data with relaxed reliability. So, receiving ACK starts the timer. (In this case, gNB should send ACK/NACK for every transmission.)

· If the timer is not running, UE should send the next data with enhanced reliability.

· If the timer is running, UE can send the data with relaxed reliability.

We would also be willing to consider the opposite case, i.e. if ST timer is not running, UE sends the data with enhanced reliability, and propose the following:
Proposal 4: RAN2 to consider both options: when ST timer is running, UE sends the data with enhanced/relaxed reliability.

In terms of relaxing/increasing the reliability (i.e. what happens during the ST state), the following already had significant support in the previous meetings and in [Post114-e][511][URLLC/IIoT], and we think it can be adopted as baseline:
Proposal 5: PDCP duplication and adaptive L1/L2 parameters/configurations are adopted as baseline methods of behaviour in the ST state, to avoid intolerable consecutive message error, while not precluding other options.
4   Exiting the ST state
While we envisage that some aspects of ST handling could be semi-autonomous depending on the agreed design (e.g. UE enters the ST state based on pre-configured conditions, as opposed to being triggered into the ST state with a direct message / feedback from the gNB), the value of the ST will need to be communicated to the terminal, either from the gNB or directly using NAS signaling.
Deciding on when to exit the ST state is then comparatively simple – once the ST duration has lapsed. However, if NAS signaling is used to configure the UE with the ST, UE may need to report to the gNB ST duration as well as the fact that it has exited the ST state. Additional complication if NAS-delivered ST is allowed is whether this could clash in some cases with the ST value configured by the gNB (assuming both options are allowed).
Proposal 6: RAN2 to discuss the option of ST value being sent to the terminal via NAS signaling, and whether this option can co-exist with gNB configuration of the ST value, or whether they are mutually exclusive.

Proposal 7:  If NAS-delivered value of ST is agreed as an option, RAN2 will discuss the subsequent need for reporting to gNB of the ST value and entry to / exit from ST state.

There is the additional option of exiting the ST state when e.g. ACK is received, regardless of the ST length. We therefore propose the following:

Proposal 8: Assuming the Tx timer solution is adopted for exiting the ST state as well, RAN2 to discuss whether ST state can be exited before the timer has lapsed.

5   Proposed way forward for RAN2
Based on the analysis above, we propose the following with respect to the further work that should be carried out by RAN2 on implementing Survival Time, and in light of the discussion held during [Post114-e][511][URLLC/IIoT]:

Proposal 9: RAN2 to continue work on solutions using Tx-side timer and HARQ feedback.

Proposal 10: RAN2 to discuss granularity of ST configuration (e.g. service flow, DRB, LCH, LCG).
Proposal 11: Any additional families of solutions should only be considered if significant benefits over baseline ST handling (retransmission request based triggering, and Tx-side timer based solutions) can be shown.

Proposal 12: RAN2 to consider both options: when ST timer is running, UE sends the data with enhanced/relaxed reliability.

Proposal 13: PDCP duplication and adaptive L1/L2 parameters/configurations are adopted as baseline methods of behaviour in the ST state, to avoid intolerable consecutive message error, while not precluding other options.
Proposal 14: RAN2 to discuss the option of ST value being sent to the terminal via NAS signaling, and whether this option can co-exist with gNB configuration of the ST value, or whether they are mutually exclusive.

Proposal 15:  If NAS-delivered value of ST is agreed as an option, RAN2 will discuss the subsequent need for reporting to gNB of the ST value and entry to / exit from ST state.

Proposal 16: Assuming the Tx timer solution is adopted for exiting the ST state as well, RAN2 to discuss whether ST state can be exited before the timer has lapsed.
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