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1 Background
In this paper, we discuss the value of RAN being made aware of offset (with respect to master clock in TSN system) and period for a TSC QoS flow.

RAN2#105 concluded that the offset and period information for TSN traffic is beneficial to scheduling and related excerpt from R2-1902354 is copied below:

	RAN2 has studied TSN traffic patterns, their characteristics and potential impact on QoS and scheduling in RAN. Considering the deterministic nature of TSN traffic, RAN2 has agreed that the knowledge of TSN traffic pattern is useful for the gNB to allow it to more efficiently schedule traffic either via Configured Grants, Semi-Persistent Scheduling or with dynamic grants. Therefore, it would be beneficial for the gNB to receive from the Core Network the following assistance information describing TSN traffic flow, e.g. upon QoS flow establishment:

· message periodicity

· message size

· message arrival time at gNB (DL) and UE (UL)


SA2 also has agreed to the following text in 23.501:

	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. The TSCAI parameters are set according to corresponding parameters obtained from the AF. The maximum value of TSC Burst Size should be mapped to a 5QI with MDBV that is equal or higher. For TSC QoS flows, MDBV (described in clause 5.7.3.7) is set to the Maximum Burst Size of the aggregated TSC streams to be allocated to this QoS flow. If the AF does not provide a TSC Burst Size for aggregated TSC streams, then the MDBV is set to the default value for the TSC 5QI of the corresponding traffic class.

The determination of the TSCAI by the SMF is based on information received from the TSN AF. The Burst Arrival Time component of the TSCAI that is signalled to the 5G-AN is specified with respect to the 5G clock. The SMF is responsible for mapping the Burst Arrival Time from a TSN clock (that the TSN stream is based on) to the 5G clock.

In the case of drift between TSN time and 5G time, the UPF updates the offset to SMF. The SMF may then trigger a PDU session modification as defined in TS 23.502 [3] clause 4.3.3 in order to update the TSCAI parameter to the NG-RAN without requiring AN specific signalling exchange with the UE.

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).




Further, WID for IIoT WI (RP-191561) includes the following highlighted part:

	3. The detailed objectives for NR TSC-related enhancements include:

· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2, RAN3].

· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].

· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].

· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].

· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].

· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.




2 TSN Concepts

2.1 Overview of 802.1Qbv scheduling

Time-Sensitive Networking is defined in the IEEE 802.1Q specification series. Of these specifications, SA1 TR 22.804 and TR 22.821 specifically mentions a requirement to support 802.1Qbv for industrial IoT.

The key concept in 802.1Qbv is a gate-control function, that describes time-windows where specific traffic classes get priority. As stated in IEEE 802.1Q Section 8.6.8.4, “Enhancements for Scheduled Traffic”:

	A Bridge or an end station may support enhancements that allow transmission from each queue to be

scheduled relative to a known timescale. 


The “known timescale” is defined with respect to a master clock in the TSN system. 
Due to this configuration of gate control relative to a “known timescale”, packets of individual traffic classes follow a deterministic periodic pattern. An example of such a pattern is shown below:
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Figure 1: Example traffic patterns for TSN with 802.11Qbv

The creation of gate schedules allows 802.1 bridges to give deterministic guarantees for packet delays. For example, if it is known that Class 1 and Class 2 packets will arrive at non-overlapping times, the bridge can guarantee a short delivery time for both traffic classes. In the absence of 802.1Qbv, the bridge has to determine the delivery guarantee under a worst-case assumption (i.e. assuming overlapping arrivals), which leads to a longer delay guarantee.

It should be noted that the above statement about delay guarantees is true even if one traffic class has strictly higher priority than the other traffic class. When the gate schedules are known, and Class 2 arrivals are known to never overlap with Class 1 arrivals, the bridge can guarantee a lower latency to traffic Class 2 also.

The TSN system allows the configuration of gate schedules with up to 8 different traffic classes, and allows the configuration of gate schedules at multiple bridges within a TSN network.
2.2 5GS and TSN

Integration of 5G wireless within a TSN system will imply that 5G is connected to TSN compatible bridges, and incoming packets to 5G will have deterministic schedules. 

Even though SA2 will develop a full architecture, a very high-level view for discussion is shown below. The interesting question from QoS perspective is how aspects like admission control and scheduling can benefit from the specific nature of TSN traffic. This is discussed in Section 3.
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Figure 2: TSN high level architecture with 5G

Time synchronization is another important feature for Industrial IoT. For the time synchronization feature, gNB needs to be synchronized to master clock in TSN system. For the discussion in Section 3, it is assumed that the master clock is known to RAN.

Observation 1: It is assumed that master clock in TSN system is known to RAN.
3 Value of knowing offset and period for a QoS flow
In the rest of this contribution, we restrict our attention to TSN flows with resources reserved using a 802.1Qbv scheduling configuration. As noted in Section 2, packet arrival of such a flow follows a deterministic pattern and consequently the flow has temporal characteristics like a fixed offset (with respect to a TSN clock) and period (see Figure 3). 
Observation 2: Packet arrival in a TSN flow (using 802.1Qbv) has fixed offset (with respect to the TSN clock) and period.
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Figure 3 Period and offset of a TSN flow
Offset (with respect to the TSN clock) and period of packet arrival for a TSN flow help in achieving more efficient admission control and scheduling, and this is illustrated using the example in Figure 4 which considers admission and scheduling of a new UE 2 with TSN traffic into a network currently serving UE-1 also with TSN traffic. The packet arrival refers to RAN packet arrival for DL packets and UE packet arrival for UL packets.
Admission control benefits: Depending on offset and period of TSN flow of UE 2, the packet arrivals of the TSN traffic can be overlapping or non-overlapping with that of UE 1. When it is non-overlapping, RAN determines that there are enough resources for UE 2 to be admitted. When overlapping, RAN does not have enough resources to simultaneously serve UE 2 (along with UE 1) and does not admit UE 2. One takeaway from the example is that without knowledge of temporal characteristics of packet arrival, RAN may have to perform more conservative admission control decision considering worst case packet arrival based on the PDB and MDBV of the QoS Flows of the two UEs leading to sub-optimal outcomes where RAN decides not to admit a UE even when there are enough resources to admit the UE. Thus knowledge of offset (with respect to the TSN clock) and period can increase the number of admitted TSN flows. RAN performing non-conservative admission control (e.g., admitting all UEs) ignoring knowledge of temporal characteristics of packet arrival can result in scenarios where admitted UEs have to be subsequently rejected.
Observation 3: Knowledge of offset (with respect to the TSN clock) and period can increase the number of admitted TSN flows by enabling better admission control. 
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Figure 4 Impact of packet arrival pattern on admission control and scheduling

Scheduling benefits: The knowledge of offset and period can help RAN with better scheduling. RAN can use the offset and period to determine grants for initial transmissions of the traffic that meets associated delay (e.g., PDB) requirements. Benefits of this approach are discussed below:
· Benefits to dynamic scheduling: Knowledge of offset and period in the RAN can be used to determine when dynamic grants are to be scheduled. A key benefit of this is lower delay for UL packets since UL grants can be sent without waiting for an SR from the UE. For DL packets, knowledge of offset and period can help scheduler plan dynamic scheduling ahead of time.
Observation 4a: Knowledge of offset and period in the RAN can help perform better scheduling to reduce uplink latency of TSN flows by making scheduler aware of uplink arrival times.
· Benefits to SPS based scheduling: For periodic traffic of a TSN flow, use of SPS is recommended as it reduces latency (by not requiring SR) as noted in [2] and also significantly reduces PDCCH capacity requirements (associated with the alternative dynamic scheduling to SPS). Without knowledge of temporal characteristics of a TSN flow, RAN may not be able configure SPS accurately. 
Observation 4b: Knowledge of offset and period can help perform better scheduling by enabling efficient SPS configuration to reduce control channel usage. 

Knowledge of offset and period can also be used to better schedule non-TSN traffic when TSN traffic has low delay requirements. The knowledge of offset and period can help scheduling non-TSN traffic appropriately when there is a high likelihood of scheduling TSN traffic with low delay requirements.
Even though RAN could potentially learn such traffic characteristics over time, such techniques are more complex, and have a transient period after establishing a TSN flow and before learning techniques generates good estimates where RAN has to rely on on-demand scheduling (incurring larger delay due to need for SR) and cannot use SPS (thus requiring more PDCCH resources for scheduling). Further, such learning techniques do not help with admission control.
4 Indicating offset and period to RAN
Based on the discussion above, we propose the following:
Proposal 1: To perform better admission control and scheduling, RAN should be made aware of offset (with respect to master clock in TSN system) and period for a QoS flow associated with a TSN flow.
5 Summary
In this paper, we explained benefits of RAN knowing offset and period of its TSN traffic, and proposed the following:
Proposal 1: To perform better admission control and scheduling, RAN should be made aware of offset (with respect to master clock in TSN system) and period for a QoS flow associated with a TSN flow.
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