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Introduction
The introduction of new QoS parameters is stated in Rel 17 IIoT WID objectives [1] as shown below
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]
In RAN2 #112e, survival time was discussed where the main topic under discussion was the LS received from SA2 [2] regarding the definition and format of the survival time and further details were not concluded in the meeting. In this contribution we discuss the progress and open issues in SA2 related to survival time and burst spread and analyze what is required of RAN2 WG to support these new QoS parameters. 
Discussion
TSN traffic is often periodic and deterministic in nature and knowledge of the TSN traffic pattern, such as QoS parameters of survival time and burst spread, can allow the gNB to efficiently schedule resources (CG/SPS or dynamic grants) for reliable communication. For tight survival time requirements, the gNB may configure very reliable transmission to avoid message transfer failure. The information on burst spread can similarly be expected to be handled by gNB implementation. For example, in the case that burst spread is small compared to the latency requirement, the gNB can setup SPS to handle the latest packet arrival time, such that even with the expected burst spread (resulting from jitter on N6), the latency requirement is not violated. Otherwise, gNB might setup multiple SPS configurations for one QoS flow so that the latency requirement of the earliest packet arrival time can still be met. 
Observation 1: Knowledge of the TSN traffic pattern can allow the gNB to efficiently schedule resources (CG/SPS or dynamic grants) for reliable communication.
Survival Time
In SA2 #142e, following has been captured in TR 23.700-20 [3] under Key issue # 5 Use of Survival Time for Deterministic Applications in 5GS
- The SMF determines Survival Time and sends it to the NG-RAN as part of TSCAI without requiring AN or N1 specific signalling exchange with the UE. If Survival Time information is the maximum number of consecutive message transmission failures, SMF translates the maximum number of consecutive message transmission failures to “time” unit based on TSCAI periodicity parameter and determines Survival time.
- Survival time specified in unit of “time” will be supported over NGAP.
The TSCAI includes flow direction, periodicity and burst arrival time as shown in Table 1. The TSCAI is derived by the SMF on a per QoS flow basis. The SMF performs the mapping for the Burst Arrival Time and Periodicity from a TSN clock to the 5G clock, and then specifies these parameters with respect to the 5G clock before forwarding the TSCAI to the 5G-AN [4]. Since survival time is part of the TSCAI container and is delivered to NG-RAN along with other QoS parameters, no additional mechanisms are required to deliver the survival time information from the SMF to NG-RAN. 
Proposal 1: No additional enhancements are required to deliver the survival time information from the SMF to NG-RAN.
Table 1: TSC Assistance Information (Table 5.27.2-1 in TS.23.501)
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two bursts.

	Burst Arrival time
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).



Survival time is defined in TS 22.104 as the time that an application consuming a communication service may continue without an anticipated message [5] and indicates the time available to the communication service to recover from a failure or lost transmission. The requirements provided in TS 22.104 [5], the duration of survival time depends on the application, and can range from zero to multiples of the transfer interval. For non-zero survival time, consecutive impairments and/or delays are ignored until the respective timer has expired.
The following definition of survival time was agreed in RAN2 112e [6] and communicated to SA2.
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
However, details of how and when the timer is started and specifics for the measurement of the survival time and consequently when a “message loss” occurs require further study. To this end, the introduction of a new QoS parameter “Burst End Time (BET)” was briefly discussed in RAN2 112e, as proposed in [7]. In the proposal in [7], a message transmission is declared as failed and the timer for survival time is started if a message is not delivered during a time duration of 5G AN-PDB after BET. Note that this method of measuring survival time requires a change up to the CNC to include the new QoS parameter of BET at SA level which may not be possible in Release 17 during WI phase.
Observation 2: Introduction of new QoS parameter of Burst End Time (BET) requires changes at SA level which may be out of Rel 17 WI scope.
[bookmark: Proposal_Pattern_Length]In TS 23.501 [4], Burst Arrival Time (BAT) is included in the TSCAI as shown in Table 1, and is defined as the latest possible time when the first packet of the data burst arrives. In the LS from SA2 to RAN2 [2], SA2 has made clear that “a data burst corresponds to a single application message”, that is, no aggregation of TSN streams carrying messages from multiple applications is assumed when survival time is included in the TSCAI. 
Observation 3: It is assumed that there is no aggregation of TSN streams carrying messages from multiple applications when survival time is included in the TSCAI.
For the use-cases discussed in TS 22.104, the message size for IIoT applications is usually in the range of 20 bytes to 1024 bytes. For few applications, for instance mobile robots and asset monitoring, the message size is up to 250 kbytes, however in such cases the transfer interval is between 100 ms to 1 s with data rates up to 2Mbits/s. Therefore, in light of the performance requirements laid in TS 22.104, and the SA2 requirement that the survival time is indicated to 5GS when the burst carries a single application’s message, it can be assumed that the difference between the start and end of the burst, that is between BAT and BET will be negligible. 
[bookmark: _GoBack]Observation 4: Based on SA2 requirement that the survival time is indicated to 5GS when the burst carries a single application’s message, it can be assumed that the difference between the start and end of the burst, i.e. between BAT and BET, will be negligible.
With this understanding, the timer for survival time, can be started after a duration of 1 x 5G-AN-PDB after BAT without the need to introduce a new QoS parameter for Burst End Time. This concept is illustrated in Figure 1 below.
Proposal 2: A failed transmission occurs if a message is not delivered within the time equal to Burst Arrival Time + PDB, at which point the timer is started for survival time. A “message loss” occurs if the re-transmitted message is not successfully delivered during the survival time window.


Figure 1: Calculation of Survival Time

In general, knowledge of BET may not significantly enhance gNB scheduling since typically all nodes along the data path (UPF, gNB, UE) aim to forward the message with minimal delays and the egress ports in translators perform hold and forward function for the purpose of de-jittering. The difference between BAT and BET is not expected to be large enough to be taken into account by the gNB for scheduling.
Observation 5: The time difference between burst arrival time and burst end time is not expected to be large enough to be taken into account by the gNB for scheduling.
In the LS from SA2 to RAN2 and RAN3 WGs [2], SA2 made the following action request
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.
While the first action request was discussed in RAN2 #112e and it was concluded to define survival time as a time period during which “message loss” can be tolerated. However, the second action item highlighted above could not be discussed in detail and hence remains to be addressed. 
The survival time indicates to the communication service the time available to recover from failure, where a transmission failure occurs when the Packet Delay Budget (PDB) requirement corresponding to the message is not satisfied. TSCAI can be used for dynamic 5QI configuration of delay critical GBR resource type QoS flows such as TSC QoS flow. Based on our assessment of the performance requirements by SA1 in Table 5.2-1 in TS 22.104 Communication Service Availability (CSA) is related to survival time and reliability (related to dynamic 5QI parameter of packet error rate (PER)).  For the case with the same survival time but with different communication service availability for different services, we believe that CN provides different reliability target for the different service. Therefore, there is no issue to meet the required CSA performance target. However, it is not so clear if RAN2 can provide decisive input because 
it is a CN operation. 

Proposal 3: RAN2 conclude that it is possible to meet CSA performance target for the same survival time but with different communication service availability as long as the suitable reliability target is provided for the service in QoS information.
Burst Spread
Burst spread is defined in TR 23.700-20 [3] as “the variation of burst arrival time for DL traffic resulting from jitter on N6”, where burst arrival time is defined in TS 23.501 as “the latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction)”. It is discussed in Solution #5: Deterministic QoS for Native 5GS in TR 23.700-20 [3] that if AF provides burst spread, the 5GS will forward the burst spread as part of TSCAI to the NG-RAN. The UE and UPF impacts of this SA2 solution are also FFS and as per the conclusion to the relevant Key Issue #3A: Exposure of deterministic QoS, whether the burst spread should be included is FFS.
A discussion on how the UPF may detect burst spread has been included in SA2 Solution #22: Detect the Burst spread at UPF in TR 23.700-20 [3], however the mechanism for whether the UPF/NW-TT detects the burst spread is FFS. Based on the discussion in SA2, and by definition, since burst spread is the variation in burst arrival time introduced by the jitter on N6, no information on burst spread is available before the application starts to send the data to the UE. This implies that unless the DL data reaches N6 interface, the variation in arrival time aka burst spread cannot be determined. However, the procedure on how the AF can obtain this burst spread once the UE starts receiving application data in the downlink is still pending further discussion in SA2. It is therefore appropriate for RAN2 to wait for further progress in SA2 WG before analysing the RAN impacts (if any) on introducing this new QoS parameter of burst spread since SA2 has not made any interim agreements related to burst spread yet.
However, similar to existing QoS parameters, while the new burst spread parameter (if introduced) may be useful to the gNB scheduler, its utilization is expected to be handled by the gNB implementation without any explicit RAN2 specification impact.
Proposal 4: RAN2 anticipates no explicit specification impact from introducing the new QoS parameter of burst spread, nonetheless RAN2 shall wait for further discussion and conclusions in SA2 regarding burst spread.
Conclusions 
In this contribution we discuss the RAN enhancements (if any) required to support newly introduced QoS parameters of survival time and burst spread in SA2 and make the following observations and proposals.
Observation 1: Knowledge of the TSN traffic pattern can allow the gNB to efficiently schedule resources (CG/SPS or dynamic grants) for reliable communication.
Proposal 1: No additional enhancements are required to deliver the survival time information from the SMF to NG-RAN.
Observation 2: Introduction of new QoS parameter of Burst End Time (BET) requires changes at SA level which may be out of Rel 17 WI scope.
Observation 3: It is assumed that there is no aggregation of TSN streams carrying messages from multiple applications when survival time is included in the TSCAI.
Observation 4: Based on SA2 requirement that the survival time is indicated to 5GS when the burst carries a single application’s message, it can be assumed that the difference between the start and end of the burst, that is between BAT and BET will be negligible.
Proposal 2: A failed transmission occurs if a message is not delivered within the time equal to Burst Arrival Time + PDB, at which point the timer is started for survival time. A “message loss” occurs if the re-transmitted message is not successfully delivered during the survival time window.
Observation 5: The time difference between burst arrival time and burst end time is not expected to be large enough to be taken into account by the gNB for scheduling.
Proposal 3: RAN2 conclude that it is possible to meet CSA performance target for the same survival time but with different communication service availability as long as the suitable reliability target is provided for the service in QoS information.

Proposal 4: RAN2 anticipates no explicit specification impact from introducing the new QoS parameter of burst spread, nonetheless RAN2 shall wait for further discussion and conclusions in SA2 regarding burst spread.
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