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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], a definition of survival time has been given as follows:

	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. Another issue that was raised in the LS from SA2 was how to signal Survival Time to RAN, in particular, whether Survival Time is a sufficient metric or whether Communication Service Availability (CSA) needs to be signalled as well. The CSA is defined in 3GPP TS 22.104 (v17.3.0)

The text of the LS from SA (S2-2007880) [5] to RAN2 is quoted below:


 No agreement was reached on that issue in the RAN2 post-meeting email discussion and it was left FFS.
2.2 Need for NG-RAN to know the Communication Service Availability target
To answer SA2, we give a toy example to illustrate the importance of Communication Service availability (CSA) for NG-RAN along with survival time. Suppose we have two flows with QoS parameters represented in the following table
	Flows
	Characteristic Parameter
	Influence quantity

	
	Communica​tion service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	Remarks

	Flow1
	99,999999 %
	~ 10 years
	< transfer interval value
	≤ 10 ms
	10 ms
	Control-to-control in motion control (A.2.2.2); (note 9)

	Flow2
	99,99999 %
	1 day
	<10 ms
(note 14)
	10 ms
	~10 ms
	Mobile Operation Panel: Safety data stream (A.2.4.1A)








Suppose Flow 1 and Flow 2 both are scheduled on separate Configured Grants, an interference in Fig. 1 causes two CG failures. Now, a new grant is available for transmission. A scheduler that only considers Survival Time with no CSA information will schedule a retransmission of Flow 2 PDU since it is closer to Survival Time expiry. However, clearly the optimal action would be to schedule flow 1 PDU since it has higher availability requirement. One could even develop more complex examples where there are two new available grants, the best action then can be to send flow 1 PDU twice with redundancy to avoid survival time expiry of flow 1, whereas flow 2 can only be scheduled if a third grant is available.

Observation 1: Different deterministic communication services can have very different communication service availability targets even though they have the same or an equivalent survival time.

Achieving different communication service availability targets (e.g., nine nines versus six nines) requires different configurations for radio functions (e.g., scheduling priority weights, HARQ target operating points, etc.). This, in turn, requires the RAN to be aware of the CSA target for a flow.

Observation 2: RAN needs to be aware of the communication service availability target for a flow.

Observation 3: Survival time and Availability together define the expected link level guarantee to an industrial application.

During earlier discussions it had been commented that NG-RAN knowledge of PER for a given flow may be sufficient to also address the CSA target. 

However, PER is based on individual packets and does not consider successive losses, which are detrimental to industrial applications. 




To further illustrate the difference between PER and (CSA, Survival Time metric) we use Fig. 2 to illustrate a stream of packets. In case 1, three errors occur non-consecutively. In case 2, the three packet Tx failures are consecutive. Assuming that the survival time of the application is the duration of three packets, then case 2 has suffered a survival time expiry, which counts to a CSA failure. For high CSA requirements, the RAN needs to make sure to avoid this case. On the other hand, PER is the same for case 1 and case 2 and if the failures are rare enough to satisfy the (PER) reliability constraint, no further RAN action is needed (from PER perspective).
Thus, we conclude that aside from PER, Survival time and CSA need to be made available to RAN.
Observation 4: PER is not sufficient to account for the required application survival time and CSA. 
Proposal 1: Communication Service Availability is to be made available to NG-RAN along with survival time.

Details of how Communication Service Availability can be made available to NG-RAN can be determined by SA2 and RAN3.

Proposal 2: It is up to SA2 and RAN3 to determine how to make CSA available to RAN.
3 Burst Spread
In TS 23.700-20[4], 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 in order to specify the RAN role.

Observation 5: No current RAN2 requirement to study burst spread.
Proposal 3: 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: Different deterministic communication services can have very different communication service availability targets even though they have the same or an equivalent survival time.

Observation 2: RAN needs to be aware of the communication service availability target for a flow.

Observation 3: Survival time and Availability together define the expected link level guarantee to an industrial application.

Observation 4: PER is not sufficient to account for the required application survival time and CSA. 

Proposal 1: Communication Service Availability to be made available to RAN along with survival time.

Proposal 2: It is up to SA2 and RAN3 to determine how to make CSA available to RAN.
Observation 5: No current RAN2 requirement to study burst spread.

Proposal 3: RAN2 to wait for SA2 to conclude discussions on burst spread before discussing possible RAN enhancements.
5 Reference

[1] RP-201310 WID: Enhanced Industrial Internet of Things (IOT) and URLLC support for NR
[2] 3GPP TS 22.104 V17.4.0 “Service requirements for cyber-physical control applications in vertical domains; Stage 1 (Release 17)”
[3] RAN2 112e Chairman notes

[4] 3GPP TR 23.700-20: Technical Specification Group Services and System Aspects; Study on enhanced support of Industrial Internet of Things (IIoT) in the 5G System (5GS)

[5] S2-2007880: LS on Use of Survival Time for Deterministic Applications in 5GS
Communication service availability: This parameter indicates if the communication system works as contracted ("available"/"unavailable" state). The communication system is in the "available" state as long as the availability criteria for transmitted packets are met. The service is unavailable if the packets received at the target are impaired and/or untimely (e.g., update time > stipulated maximum). If the survival time (see Table C.2.3-1) is larger than zero, consecutive impairments and/or delays are ignored until the respective time has expired.








SA WG2 also kindly requests 3GPP RAN WG2 and RAN WG3 to provide their feedback on the preference of Survival Time definition of i) or ii) as defined above and to inform SA2 whether receiving survival time is sufficient for NG-RAN to address the performance targets (same Survival Time but different communication service availability for different services) laid out by SA1 in Table 5.2-1 in TS 22.104. 
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Fig 1. Example of Survival Time consideration with no availability information
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Fig 2. PER vs Survival time and CSA









