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Introduction
One of the objectives included in Rel 17 IIoT WID is to identify if any RAN enhancements are required to support new QoS related parameters for Time Sensitive Communication (TSC), such as survival time and burst spread. The decision for introducing these QoS parameters lies with SA2. QoS information and TSC assistance information was previously discussed for NR Rel 16 and many companies agreed on the benefit of traffic pattern information, such as survival time, with the following agreement noted in RAN2 105bis
· RAN2 think that knowledge of survival time is beneficial to gNB. FFS whether there would be any impact to AS specifications to make use of this, and such discussions would have lower priority, as it is not explicitly a WI objective. There are also concerns that QoS framework may be impacted due to survival time being provided explicitly.
It was also captured in the chairman notes in RAN2 105bis to “Wait for better clarifications in SA2 until trying”. Currently, for Rel 17 NR IIoT, not only are RAN enhancements for QoS related parameters included in the WID as shown below, some relevant interim agreements have also been made in SA2. 
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]
Hence both reservations, mentioned earlier for Rel 16, have been addressed making this discussion very appropriate for RAN2 WG for Rel 17 IIoT. In this contribution we discuss the progress in SA2 related to QoS parameters for TSN and analyse what is required of RAN2 WG to support survival time and burst spread information.
Discussion
QoS parameters of survival time and burst spread are suggestive of the traffic pattern for TSC. Given the often periodic and deterministic nature of TSN traffic, such knowledge of the TSN traffic pattern can allow the gNB to efficiently schedule resources (CG/SPS or dynamic grants) for reliable communication. It can enable effective handling of multiple TSN streams from different applications and with different QoS requirements.
Survival time can range from zero to multiples of transfer interval (maximum of several seconds, with sub-millisecond granularity) as in the requirements provided in TS 22.104 [1]. 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
[bookmark: Proposal_Pattern_Length]Two relevant key issues are included in SA2 TR 23.700-20 [TR 23.700-20], namely Key issue # 3A Exposure of deterministic QoS and Key issue # 5 Use of Survival Time for Deterministic Applications in 5GS. Survival time is defined in TS 22.104 as the time that an application consuming a communication service may continue without an anticipated message [TS 22.104]. For non-zero survival time, consecutive impairments and/or delays are ignored until the respective timer has expired as shown in Figure 1. Since the survival time indicates the time available to the communication service to recover from a failure or lost transmission, it is tightly related to maintainability.


Figure 1: Example of up and down times in relation to survival time (based on Figures C.3-1 and C.5-2 in TS 22.104 [ref])
It is agreed in SA2 that survival time is optionally transferred as part of the TSC Assistance Information (TSCAI) parameters. The SMF determines the survival time and sends it to NG-RAN as part of the TSCAI without requiring AN or N1 signalling exchange with the UE. 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.
In the SA2 meeting #141e, two definitions for survival time have been approved, as given below
	The Survival Time in TSCAI may be expressed, assuming cyclic traffic of the deterministic application:
i) as a maximum time in units of “time” where each unit corresponds to the data burst periodicity defined in TSCAI in Rel-16; or 
ii) as a maximum number of consecutive data burst transmission failures, where a data burst corresponds to a single application message.
i) and ii) are intended to be equivalent in determining the application’s tolerance to loss. Note that, when survival time is provided, there is a single data burst per period.



SA2 has approved a draft LS in SA2 #141e [3] to be sent to RAN2 and RAN3 WGs, with 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.
Next, we address each of the two action requests by SA2. 
From the definition provided for survival time, option (i) represents survival time in units of “time” such that 1 time unit = burst periodicity. This would imply that survival time is communicated as multiples of burst periodicity. This is different from the definition of survival time included in TR 23.700-20, where option (i) is “specified by the AF in units of "time" with the timescale corresponding to burst periodicity” [2] in which case if option (i) were chosen, then survival time could be described with a maximum value of several seconds, with sub-millisecond granularity. Therefore, with the new definition as proposed in [3], it appears that the survival time is communicated as an integer in both options, where in option (i) it is equal to the maximum number of time durations (where duration = burst periodicity) that the application can sustain to be without receiving any message. 
For option (ii), where survival time is defined as the “maximum number of consecutive data burst transmission failures it is the maximum number of ‘bursts’ that a source application can transmit which will be lost or delayed, but the target device would be able to tolerate without failure. 
Therefore, in terms of signaling and from RAN2 perspective, there seems to be no difference between the two options provided by SA2 because both of options can be defined with integer value.
Proposal 2: RAN2 does not have any preference regarding survival time definition provided in options (i) and (ii) by SA2, since both options are the same from NGAP signaling perspective.
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 where 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 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 [2] 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 [ref] 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, however, are still 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 [ref]. 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 impact.
Proposal 4: RAN2 anticipates no explicit 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.
Proposal 2: RAN2 does not have any preference regarding survival time definition provided in options (i) and (ii) by SA2, since both options are the same from NGAP signaling perspective.
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 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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