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1 Background
RAN WG2’s study item for Industrial IoT [1], includes the following objective:

	Time Sensitive Networking related enhancements:

a) Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

b) Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

c) Ethernet header compression (RAN2):

i) Analysis of the benefits and the scenario (e.g. what are the formats and size of Ethernet frame to be considered, are VLAN fields included, protocol termination etc.). 

ii) Definition of the requirements for a new header compression.

d) Performance evaluation of TSN requirements as captured in TR 22.804 clause 8.1 (RAN2/RAN1/RAN3)

NOTE: This task is related to TSN specific requirements, which are not evaluated as part of “Study on physical layer enhancements for NR ultra-reliable and low latency case”. It is not intended to discuss/agree additional simulation assumptions for this case. 

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress


This contribution focusses on (b) above, specifically focusing on incorporating temporal characteristics of a flow of TSN traffic like periodicity and offset into NR’s QoS framework.
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 a 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 in 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 more 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, packets arrival of such a flow follow 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 helps 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. 
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
The following proposal is based on observations 3, 4a and 4b.
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.
Proposal 2: RAN2 should send an LS to SA2 including the following:

· RAN2 has agreed that “in order 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”.
· RAN2 requests SA2 to assess the feasibility and if possible provide offset (with respect to master clock in TSN system) and period for a QoS flow associated with a TSN flow to RAN.
The following proposes to adopt the text in Annex B, which is based on the discussion in this paper, for the TR ‘Study on NR industrial Internet of Things (IoT)’.
Proposal 3: Adopt the text proposal in Annex B for TR ‘Study on NR industrial Internet of Things (IoT)’.
5 Summary
The following summary lists the observation and proposals discussed above.
Observation 1: It is assumed that master clock in TSN system is known to RAN.

Observation 2: Packet arrival in a TSN flow (using 802.1Qbv) has fixed offset (with respect to a TSN clock) and period.

Observation 3: Knowledge of offset and period can help perform better admission control to increase the number of admitted TSN flows.
Observation 4a: Knowledge of offset and period can help perform better scheduling to reduce uplink latency of TSN flows by making scheduler aware of uplink arrival times. 

Observation 4b: Knowledge of offset and period can help perform better scheduling by enabling efficient SPS configuration to reduce control channel usage. 

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.
Proposal 2: RAN2 should send an LS to SA2 including the following:

· RAN2 has agreed that “in order 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”.
· RAN2 requests SA2 to assess the feasibility and if possible provide offset (with respect to master clock in TSN system) and period for a QoS flow associated with a TSN flow to RAN.
Proposal 3: Adopt the text proposal in Annex B for TR ‘Study on NR industrial Internet of Things (IoT)’.
6 References

[1] RP-182090, “Revised SID: Study on NR Industrial Internet of Things (IoT)”
[2] R2-1815707, “LS on TSN requirements evaluation”
Annex A: Text proposal for SA2 LS

RAN2 has started Study on NR Industrial Internet of Things. One of the aspects under this study is TSN related “Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1).”

Packet arrival in a TSN flow (using 802.1Qbv) is expected to be periodic with a fixed offset (with respect to a TSN clock) and period. The packet arrival refers to RAN packet arrival for DL packets and UE packet arrival for UL packets.
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Knowledge of offset (with respect to a TSN clock) and period of QoS flow associated with a TSN flow in RAN can help perform admission control and scheduling. For instance, RAN can perform better admission control in order to increase the number of admitted TSN flows. As an example, consider admission of new TSN flow 2 shown in the figure into RAN with existing TSN flow 1. Knowledge of offset and period of TSN flows 1 and 2 enables RAN to determine that the two TSN flows do not overlap and could admit TSN flow 1. Without the knowledge of offset and period of TSN flows, RAN may have to decide about admitting TSN flow 2 based on a hypothetical worst-case traffic pattern where TSN flow 1 and TSN flow 2 overlap.
Period: Existing 5G QoS Parameters (e.g., MDBV, GFBR) may be sufficient to indicate period for a TSN flow by indicating period. SA2 is requested to inform RAN2 how the period can be determined by RAN either through the existing 5G QoS parameters or through signalling a new parameter if needed.
Offset (with respect to a TSN clock): However, parameters of current 5GS QoS model are clearly not sufficient to indicate an offset which may have to expressed as a timestamp with respect to a TSN clock. Further, SA2 can assess whether 5GC needs to be synchronized to the clock to indicate the offset or this can be assumed to be provided from external network e.g. TSN CNC and 5GC simply “pass it through” to the RAN. 
RAN2 requests SA2 to assess the feasibility and provide feedback on the above.
Annex B: Text proposal for TR ‘Study on NR industrial Internet of Things (IoT)’
6.5
QoS and scheduling enhancements
Editor’s note: RAN2 responsibility with potential PHY impacts handled by RAN1

6.5.X Benefits of periodicity and offset awareness
Packet arrival in a TSN flow (using 802.1Qbv) has fixed offset (with respect to a TSN clock) and period. Knowledge of offset and period can help perform better admission control to increase the number of admitted TSN flows. Knowledge of offset and period can help perform better scheduling to reduce uplink latency of TSN flows by making scheduler aware of uplink arrival times. Knowledge of offset and period can help perform better scheduling by enabling efficient SPS configuration to reduce control channel usage. 

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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