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1. Introduction

In the last RAN2 meeting, the following agreements for RAN enhancements based on new QoS related parameters have been made [1]:
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

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.  

After the meeting, an email discussion [Post114-e][511][URLLC/IIoT] QoS Solutions (Samsung) was scheduled, to further discuss the technical solutions. In this contribution, we will discuss one issue related with resource efficiency which is not covered by the email discussion.
2. Discussion
In previous RAN2 meeting, it was agreed that communication service availability (CSA) is not needed on top of survival time. However, compared with the communication service availability, we think an additional QoS parameter, e.g., in term of packet error rate (PER), reflecting reliability might be more useful for RAN, from the perspective of resource efficiency. 
In TS 22.104, there is a following description about communication service availability:

	The availability of the communication service is calculated using the accumulated down time. For instance, in case the communication service is expected to run for a time T, the unavailability U of the communication service can be calculated as
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Where Δti is the length of the i-th downtime interval of the communication service within the time period T. The communication service availability A can then be calculated as 

A = 1–U. 


Based on above text, we can find that the communication service availability A is determined by the running time period T, as well as the total downtime within T, i.e. ∑i△ti. The total downtime is further determined by the frequency that the application enters down state within T and the average length of downtime intervals. The frequency that the application enters down state can be further derived by the transmission reliability which indicates the probability of a packet loss, and by the survival time which indicates the number of consecutive lost packets leading to the application’s down state. For simplicity, we can express the relationship between the communication service availability A and the related parameters as: A = g(transmission reliability, survival time, traffic periodicity, average downtime interval), where g(·) means a function. In order to guarantee the communication service availability of an application, the 5GC, e.g. AF, can derive an appropriate transmission reliability, i.e. reflected as PER, according to the specific function by considering its communication service availability, survival time, traffic periodicity, as well as its average length of downtime interval. 
In order to guarantee the communication service availability of some services with stringent survival time and short traffic periodicity, this derived transmission reliability PER may be quite stringent, e.g. up to so called “six-nines”. In the current 5G QoS modelling, the PER parameter that reflects the transmission reliability of a service is included in the QoS profile and indicated to RAN via SMF. In order to meet such stringent PER indicated by the 5GC, robust L1 transmission parameters with robust L2 configurations shall always be used for the service. For example, PDCP duplication shall always be activated for DRB carrying the service. In such case, the resource utilization efficiency will be negatively impacted.

Observation 1. In order to guarantee the communication service reliability of some service with stringent survival time and short traffic periodicity, the derived transmission reliability may be quite stringent, e.g. six-nines.
However it shall be noted that even with relaxed transmission parameters or without PDCP duplication, NR can achieve a certain level of transmission reliability, e.g. to three-nines. Therefore, on average, one packet per 1000 packets may encounter transmission failure. In other words, every 1000 packets may trigger the application enters survival time state. If RAN side can support effective survival time detection, then it can improve the transmission reliability for subsequent packets after the failed packet transmission. In order to avoid survival time expiry, more resource can be allocated for the subsequent packets, or the duplication for the DRB can be activated. Such mechanism is more resource efficient than the transmission scheme configured always with extreme high transmission reliability. 
This intention is also aligned with the on-going discussion about survival time detection and survival time expiry avoidance. During the long running discussion about survival time, one basic principle to address survival time is to improve the transmission reliability for subsequent packets in case one packet transmission fails, either through gNB side implementations or UE side reactions. Thus, RAN would be able to provide two different levels of reliability for TSC transmissions. 
Observation 2. RAN side can improve the transmission reliability for subsequent packets after the failed packet transmission, in order to avoid survival time expiry.
In order to implement such mechanism, a moderate PER can be additionally indicated to RAN side for the case without packet loss detected, e.g. for the case of normal transmission. If packet loss has been detected, RAN side can improve the transmission reliability to a higher level to avoid survival time expiry, e.g. for the case of robust transmission. Thus, RAN side needs to have knowledge of two levels of PER, i.e. one for the normal transmission and the other for robust transmission. Since the 5GC, e.g. AF, has a better knowledge of communication service availability, average length of downtime interval, and other necessary parameters (i.e. survival time, traffic periodicity), we think the 5GC can derive two suitable levels of PER for RAN, which can be used for normal transmission case and survival time expiry avoidance case. It can be seen that the two levels of PER is not based on the Communication Service Reliability (CSR), which is not needed on top of survival time for RAN based on the previous agreement.
Observation 3. Base on the communication service availability, average length of downtime interval, 5GC can derive two suitable levels of PER for RAN, one can be used for the case without packet loss and the other can be used for the case for survival time expiry avoidance.

Using different PER levels can guarantee the communication service availability with efficient resource utilization, and is beneficial for RAN side implementation. We propose RAN2 to discuss the benefits of using different PER levels for inside/outside of survival time state and how to make them available to RAN. It shall be noted that there is no need to change the architecture of 5G QoS modelling. Instead, but only an additional PER as an assistance parameter is needed base on the straightforward benefits for RAN to achieve higher resource utilization efficiency for services with stringent communication service availability requirements.
Observation 4. Using different PER levels can guarantee the communication service availability with efficient resource utilization.
Proposal 1: RAN2 to confirm the benefits of using different PER levels for inside/outside of survival time state and to introduce the different PER levels for RAN, one can be used for the case without packet loss and the other can be used for the case of survival time expiry avoidance.
Proposal 2: Send an LS to ask SA2 to take into account of the benefits of using different PER levels and provide the different PER levels to RAN.
2 Conclusion

In this contribution, we have discussed multi-levels PER for survival time handling, and made the following observation and proposal:
Observation 1. In order to guarantee the communication service reliability of some service with stringent survival time and short traffic periodicity, the derived transmission reliability may be quite stringent, e.g. six-nines.

Observation 2. RAN side can improve the transmission reliability for subsequent packets after the failed packet transmission, in order to avoid survival time expiry.

Observation 3. Base on the communication service availability, average length of downtime interval, 5GC can derive two suitable levels of PER for RAN, one can be used for the case without packet loss and the other can be used for the case for survival time expiry avoidance.

Observation 4. Using different PER levels can guarantee the communication service availability with efficient resource utilization.
Proposal 1: RAN2 to confirm the benefits of different PER levels for inside/outside of survival time state and to introduce the different PER levels for RAN, one can be used for the case without packet loss and the other can be used for the case of survival time expiry avoidance.
Proposal 2: Send an LS to ask SA2 to take into account of the benefits of using different PER levels and provide the different PER levels to RAN.
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