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	Reason for change:
	At the meeting, SA2#131, the following editor’s note is derived regarding TSC QoS support. At the previous meeting, it was discussed and the benefit of the survival time was agreed but how to apply it to 5GS still needs discussion.

Editor’s note: need for other parameters (e.g. survival time) FFS.

At the meeting of RAN2 #105Bis, the followings were agreed.
RAN2 thinks that knowledge of survival time is beneficial to gNB. However, there are also concerns that QoS framework may be impacted due to survival time being provided explicitly.

The survival time indicates the time that an application consuming a communication service may continue without an anticipated message. Once a message is not successfully delivered, message loss of the next message within the survival time is tolerable. Therefore, the survival time relaxes the QoS requirement on reliability. gNB scheduler may use this information efficiently for resource allocation, e.g. increasing spectral efficiency by decreasing MCS level or intentional discard of some message which does not affect the QoS requirement. 

When the message size is small enough, so that a message is delivered by a packet, we can map a massage loss to a packet loss [2]. When only 5G is the only medium between two communication service interfaces, which have no errors, the Service Availability can be expresses as follows.
· Service Availability = 1-PER^(1+Loss Tolerance), Loss Tolerance = Integer not exceeding ((Survival Time)/(Transfer Interval))

For example, if PER = p, Service Availability ≥ 0.999999, Survival Time=10ms, and Transfer Interval = 10ms, then, 1-p^2 ≥ 0.999999 ⇔ p ≤ 0.001. Let us call this case as case 1 for later use.
Observation 1. The survival time can be applied to PER selection.
GBR QoS Flows with Delay critical GBR resource type, a packet which is delayed more than PDB is counted as lost, and included in the PER unless the data burst is exceeding the MDBV within the period of PDB or the QoS Flow is exceeding the GFBR [1].
1. In Configured Grants or Semi-Persistent Scheduling CAC at the gNB, a slot overlap with higher priority level traffic means a packet loss. If overlaps happen less frequently than (1+α) times per the sum of transfer interval and survival time, the Service Availability can be expresses as follows.
· Service Availability ≤ 1-(PER^(Loss Tolerance - α)) * (CAC overlap probability)^(1+α), where α is an integer value from 0 to Loss Tolerance.
· For example, if α=0, Service Availability ≤ 1-(PER^(Loss Tolerance)) * (CAC overlap probability). Then, in case 1, if we choose the real PER as 10^-5, then (CAC overlap probability) ≤ 10^-1. It means that less than 1 slot overlap per 10 slots is acceptable in CAC.
· In the above example, if we choose the real PER as 10^-6, then (CAC overlap probability) ≤ 10^-0. It means that less than 1 slot overlap per 2 slots is acceptable in CAC.
2. In dynamic scheduling at the gNB, a packet with delay larger than AN PDB means a packet loss. If a packet with delay larger than AN PDB happens less frequently than (1+α) times per the sum of transfer interval and survival time, the Service Availability can be expresses as follows.
· Service Availability ≤ 1- (PER^(Loss Tolerance - α)) * (Probability of a packet with delay larger than AN PDB)^(1+α)
· For example, if α=0, Service Availability ≤ 1- (PER^(Loss Tolerance)) * (Probability of a packet with delay larger than AN PDB). Then, in case 1, if we choose the real PER as 10^-5, the Probability of a packet with delay larger than AN PDB ≤ 10^-1. It means that less than 1 scheduling failure per 10 scheduling chances is acceptable in dynamic scheduling, when CG/SPS of interval 20ms is used together with the dynamic scheduling.
· In the above example, if we choose the real PER as 10^-6, then the Probability of a packet with delay larger than AN PDB ≤ 10^-0. It means that CG/SPS of interval 20ms is used together with the dynamic scheduling meets the service availability requirements.
Observation 2. In addition to PER selection, the survival time has the following additional usages.
1. In CG/SPS CAC, (1+α) slot overlaps per (1+Loss Tolerance) scheduling slots are allowed in the condition that 1-(PER^(Loss Tolerance - α)) * (CAC overlap probability)^(1+α) is equal to or larger than the Service Availability requirements, while α is an integer value from 0 to Loss Tolerance.
2.
In Dynamic Scheduling when it is used together with CG/SPS, (1+α) dynamic scheduling executions per (1+Loss Tolerance) scheduling chances are allowed in the condition that 1- (PER^(Loss Tolerance - α)) * (Probability of a packet with delay larger than AN PDB)^(1+α) is equal to or larger than the Service Availability requirements, while α is an integer value from 0 to Loss Tolerance.
From the discussions till now, we can conclude the existing QoS Framework is not impacted, and gNB will have additional benefits from the explicit Survival Time provisioning.
Observation 3. Providing survival time explicitly will give gNB scheduling flexibility without impacts on existing QoS framework.
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*************** Start of changes ***************
5.27
Time Sensitive Communications

5.27.1
General

This clause describes 5G System features that support TSC and allow the 5G System to be integrated transparently as a bridge in an IEEE TSN network.

5.27.2
Periodic deterministic QoS

This feature allows the 5GS to support periodic deterministic communication where the traffic characteristics are known a-priori, and a schedule for transmission from the UE to a downstream node, or from the UPF to an upstream node is provided via external protocols outside the scope of 3GPP (e.g. IEEE TSN). The features include the following:

-
Providing TSC Assistance Information (TSCAI) that describe TSC flow traffic patterns at the 5GS egress interfaces

-
Support for hold & forward buffering mechanism in the TSN Translator on the UE side and UPF side to de-jitter flows that have traversed the 5G System.

5.27.2
TSC Assistance Information (TSCAI)

TSC assistance information describes TSC traffic characteristics for use in the 5G System. The knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule periodic, deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. TSC assistance information, as defined in Table 5.27.2-1, is provided from SMF to 5G-AN, e.g. upon QoS flow establishment.

Table 5.27.2-1: TSC Assistance Information

	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 arrival time of the data burst at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).

	Loss Tolerance
	Integer value not exceeding ((Survival Time)/ Periodicity) relaxing the QoS requirement on reliability


Editor's note:
Burst size is needed for TSC QoS flows but how Burst size maps to MDBV is FFS.


Editor's note:
Which clock the periodicity and burst arrival time refer to is FFS.

5.27.3
Support for TSC QoS Flows

TSC QoS flows use a Delay Critical GBR resource type, standardized 5QIs as in clause 5.7.4 and TSC Assistance Information. Within each Period (defined by periodicity), TSC QoS flows are required to transmit only one burst of maximum size MDBV within the AN-PDB. Loss Tolerance or Survival Time contributes in Service availability which is closely related with PER. Known QoS flow traffic characteristics provided in the TSCAI may be used to optimize scheduling in the 5GS.
The following is applicable for the 5QI defined for TSC QoS flows:

1.
The TSCAI Burst Size may be used to set the MDBV.
2.
The PDB is explicitly divided into 5G-AN PDB and CN PDB. The 5G-AN PDB is the packet delay budget applicable to the radio interface, including AN processing. The CN PDB is the delay between a UPF terminating N6 and a 5G-AN. Separate delay budgets are necessary for calculation of expected packet transmit times on 5G System interfaces.
3. Loss Tolerence, which is derived from Survival Time, may be applied to PER decision. 1-PER^(1+Loss Tolerance) shall be equal to or larger than the Service Availablility requirements.
The following is applicable for the additional consideration of the TSC QoS flows:

1. In CG/SPS CAC, (1+α) slot overlaps per (1+Loss Tolerance) time slots are allowed in the condition that 1-(PER^(Loss Tolerance - α)) * (CAC overlap probability)^(1+α) is equal to or larger than the Service Availability requirements, where α is an integer value from 0 to Loss Tolerance.

2.
In Dynamic Scheduling when it is used together with CG/SPS, (1+α) dynamic scheduling chances per (1+Loss Tolerance) scheduling chances are allowed in the condition that 1- (PER^(Loss Tolerance - α)) * (Probability of a packet with delay larger than AN PDB)^(1+α) is equal to or larger than the Service Availability requirements, where α is an integer value from 0 to Loss Tolerance.
Editor's note:
It is FFS how the Burst Arrival Time is used by 5G System to determine information that can be used by NG-RAN for efficient scheduling.

Editor's note:
The TSN pattern information provided to the TSN translator in the device (via the UE) to enable HnF buffering is FFS (e.g. whether it is provided on per TSN stream basis).

5.27.4
Hold and Forward Buffering mechanism

TSN Translator on the UL and DL schedules traffic as defined in IEEE 802.1Qbv [96] if the 5GS is to participate transparently as a bridge in a TSN network. To compensate for jitter in transmission of frames between the TT on the UE side and TT on the UPF side, where TSN gate scheduling is not possible or not required, a Hold and Forward Buffering mechanism is used, if needed. The Hold and Forward buffering mechanism allows PDB based 5GS QoS to be used for TSC traffic since packets need only arrive at the TT on the UPF side or TT on the UE side egress prior to their scheduled transmission time.

NOTE:
How Hold and Forward buffer is supported by the TSN Translator is up to implementation.

*************** End of changes ***************
