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Introduction
The WID of enhanced IIoT and URLLC in Rel-17 [5] includes the following objective with regards to new QoS parameters: 
5.	RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3]

Companies started in the last RAN2 meeting to examine how RAN could be enhanced to support the new QoS requirements. SA2 and RAN2 are currently evaluating the type of information contained in and the handling of TSCAI (TSC assistance information). SA2 also discussed whether receiving Survival time over NGAP is sufficient assistance information for NG-RAN to address the performance targets laid out by SA1 in Table 5.2-1 in TS 22.104 [6] and RAN2 indicated a first response in R2-2010838 [4].  
With respect to the questions posed by SA2, the RAN2 position is as follows:
-	On the issue of 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, RAN2 acknowledges this question but is not able to provide a reply at this stage, as more discussion and analysis is needed on this issue within RAN2. We will aim to update you as soon as a common understanding of the issue is reached.  

This contribution analyses the current framework for TSC assistance information and concludes to propose a number of RAN enhancements. 

Background
The 5G System integrates with an external TSN network as a “logical” TSN bridge. The logical TSN bridge includes a TSN translator functionality for interoperation between the external TSN System and the 5G System, both for user plane and control plane. The 5G system architecture for TSN is described in TS 23.501 [1].
From a UE point of view, the TSN translator (TT) function consists of a DS-TT (device-side TSN translator) where
· the DS-TT communicates with the TSN AF for control plane; and 
· the DS-TT communicates with NW-TT (network-side TSN translator) for data plane. 
DS-TT can reside within the UE or in a separate physical housing. Figure 1 has an overview based on [1].
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Figure 1: 5G system architecture for TSN
As part of the framework, the CN can provide TSC assistance information (TSCAI) with scheduling assistance information to the gNB. Refer to TS 23.501 clause 5.27 / 5.28 for details. 
· TSCAI is provided by the TSN AF to the gNB on a per TSN stream (QoS flow) basis
a) Parameters: Flow Direction, Periodicity, and Burst Arrival Time. 
b) Additional parameters like Survival Time and Burst Spread are currently under discussion in SA2.
· TSCAI is especially useful for CG/SPS scheduling, as well as for periodic deterministic traffic and traffic requiring low latency
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Two models are supported by SA2 to configure 5GS QoS for TSN traffic [1]:
1. PSFP (Per-Stream Filtering and Policing) information is always provided by Centralized Network Configuration (CNC). QoS Flows are setup based on the PSFP information.
2. PSFP information is not required to be provided by the CNC. In this case, pre-configured QoS flows are used and configured. Additional QoS flows are setup as necessary based on the PSFP, if available. 
For TSN without PSFP support (i.e., without TSCAI) the network may rely on pre-configured QoS flows using e.g. QoS mapping tables. There is no assistance information here and so scheduling adjustments will be rather slow.
In Rel-16/17 TSN, port scheduling at NW-TT and DS-TT is controlled by a central entity (the CNC). The gNB scheduling of CG/SPS though relies on additional information provided in TSCAI. If TSCAI is not available the gNB may use QoS mapping tables (e.g., based on QoS characteristics defined by the 5QI) for its scheduling decisions — which is not ideal.
TSCAI is currently defined for TSN only. If SA2 decides to extend the framework to incorporate TSCAI for other use-cases in the future, quite some changes are required in the core network. One assumption is that TSCAI is not available for all the use-cases.
Observation 1: The presence of assistance information at the gNB is likely beneficial for a number of use-cases including but not limited to TSN, URLLC, IIoT, and Advanced Interactive Services.

Discussion
Motivation and general overview
TSCAI is derived based on Per-Stream Filtering and Policing (PSFP) information provided by the CNC. PSFP is defined in IEEE Std 802.1Q [2]. Therefore, the support of PSFP information with stream gate operation is a prerequisite for TSCAI. 
According to [1], PSFP information may be provided by the CNC if the TSN AF has declared PSFP support to the CNC. The TSN AF indicates support for PSFP only if all the DS-TT and NW-TT ports of the 5GS Bridge have indicated support for PSFP. So there are certain cases where the gNB cannot receive TSCAI, and hence the gNB cannot optimize the CG/SPS scheduling. Such cases include, but are not limited to the deployment scenarios and services below
· TSN: The DS-TT or the TSN AF / NW-TT does not support PSFP 
· Without TSN: URLLC services and/or other services requiring deterministic or periodic traffic
In addition, a UE may wish to inform the network about selected traffic patterns, so that CG/SPS resource allocation can be optimized depending on packet arrival times. This not only shortens the latency, it can also help optimize the resource allocation. 
Observation 2: The presence of TSCAI is optional at the gNB.
In cases where the Core Network is unable to provide TSCAI, the DS-TT or the UE can provide similar assistance information to the gNB. Furthermore, non-TSN related use-cases relying heavily on CG/SPS, such as URLLC in general or Advanced Interactive Services, can use the same mechanism to indicate a preference for a parameter update to the gNB when required. This helps ensure radio resources are allocated appropriately. 
The network may indicate to the UE that TSCAI is not available. The DS-TT or the UE can provide assistance information to the gNB. It is proposed that the network can configure the UE to enable/disable scheduling assistance information at e.g. QoS flow establishment, and a network may as well request it at a later time. Scheduling assistance information might be configured separately for UL and DL. 
The scheduling assistance information can be provided by a variety of different protocols and enhancement options. Depending on how fast a reaction time or an update is required, the UE message with assistance information can be made available through RRC signalling, SDAP, or a MAC CE. The  network can configure the UE with an appropriate reporting method. 
The basic mechanism consists of a reporting mechanism between UE and gNB. There are two options which are described in section 3.3.
We expect that the provision of UE scheduling assistance results in better accuracy of scheduling decisions based on real packet arrival times. One use-case is when TSCAI is not available. The benefit is likely higher in UL as the gNB has more control over queues in DL.
Proposal 1: The DS-TT or the UE can provide assistance information to the gNB.

The set of scheduling assistance information parameters
As introduced in the previous chapter, the UE may provide assistance information to the gNB as an option. This section sketches an overview of a potential parameter set, including potential additional parameters in TSCAI. The parameter set provided below is generic and can vary for different enhancement options as well as protocol levels. 
The UE could report at least following information as part of the scheduling assistance to the gNB:
· Periodicity
· Burst Parameters
· Direction (UL or DL)
In terms of the granularity of reporting, information could be reported as a choice of either DRB/LCH, QFI, or in special cases, even for a particular CG/SPS. 
While the meaning of periodicity and direction is relatively clear, a potential set of burst parameters is as follows.
Burst Parameters
· Burst Size in bytes (e.g., within the time period indicated by periodicity)
a) Burst size can indicate min, max, average burst size. In case only one value is provided then Maximum Burst Size is preferred.
Observation: Per 23.501, TSC “burst size” may be mapped to the MDBV for the 5QI. Therefore, burst size may not always be required to be reported. If this parameter is not included, then burst size is calculated based on the MDBV of the 5QI. 
· Burst Timing (BT), for burst arrival — a choice of one of the three options below
a) Burst Start and Burst End: time window between first packet and last packet arrival; reported as 
· two values, one for burst start and one for burst end; or
· start time + max duration
b) Burst Arrival Time only, as per current TSCAI definition in 23.501. 
c) Burst Arrival Time (BAT) + Burst Spread (based on jitter on application level, e.g., the variation of the arrival time of the first packet)
· Two values, one for BAT and one for burst spread
· In TSN, burst spread may be controlled by Gate Open time at DS-TT. Refer to TR 23.700-20 for a definition of burst spread.
With respect to the indication of burst size, 5G QoS characteristic ‘Averaging Window’ represents the time duration over which the maximum bitrate (MFBR) and guaranteed bitrate (GFBR) shall be calculated [1]. While the averaging window is typically set to 2000ms, MDBV is linked to 5G-AN PDB. Further, the periods represented by averaging window and 5G-AN PDB may differ from the periodicity value and there can be multiple periodicities representing the same 5QI. Following is a quick overview of QoS characteristics with relevance to burst size.
Averaging Window
· Represents the duration over which the GFBR and MFBR shall be calculated
· Averaging Window relates to a bitrate (sort of a constant rate)
· Applies to GBR and Delay-critical GBR resource type only
· Used with both TSN and (some types of) XR/URLLC
Maximum Data Burst Volume (MDBV)
· Represents the burst size — number of bytes that can occur within 5G-AN PDB
· Applies to Delay-critical GBR resource type only.
· MDBV is more suitable for bursty traffic as well as periodic delay-critical traffic 
· Used with both TSN and (some types of) XR/URLLC
Periodicity
· Represents a periodical packet arrival rate for bursty or deterministic traffic
· May translate into a periodicity of a CG/SPS over the air interface
Over the radio interface, traffic for a given 5QI can utilize multiple periodicity values. The averaging window is not necessarily a multiple of the actual periodicity used and MDBV is not necessarily a multiple of the burst size within that periodicity. Therefore, indicating number of bits (burst size) per periodicity can be useful to allow for more fine-granular scheduling recommendations. If such differentiation is not given, then the burst size uses MDBV as a default value. 
Note that QoS characteristics are defined per 5QI, however, assistance information can be based on QoS flows (as aligned with TSCAI) or other options, this allows for smaller granularity. 
Also, advanced interactive services may not always be delay-critical [3]. If  non-delay critical 5QIs are associated with a periodicity then there is no default burst size since MDBV is only available for delay-critical GBR. 
Proposal 2: Scheduling assistance information can include burst size, burst timing or periodicity. A parameter set an be indicated separately per direction (UL or DL).
Furthermore, a similar set of assistance information would be useful to include in TSCAI. This can be discussed further with SA2.

Outline of enhancements
Option 1: Scheduling Assistance provided by the DS-TT/APP
With this option, a DS-TT or an Application (5G AIS application, etc.) can provide scheduling assistance information to the gNB. The method is applicable to both TSN and normal URLLC applications. 
Figure 2 provides a sketch of the basic procedure. 
· Step 1: Network configures the UE to provide scheduling assistance and decides on a message layer for scheduling assistance reporting. The reporting can be configured separately for UL and DL and the configuration may apply to a set of QoS flows or logical channels.
· Step 2: UE applies the configuration and informs the DS-TT (or App) of the parameter config.
· Step 3: DS-TT (or App) applies the configuration and provides the requested scheduling assistance information to the UE. Traffic characteristics are reported based on typical DS-TT / application layer traffic. 
a) Expected number of bytes, periodicity, burst timing, etc.
· Step 4: The UE reports Scheduling Assistance Information to the network
a) Traffic Pattern Info (i.e., Scheduling Assistance) transmission can be mapped to different RAN layers, for example: 
· RRC UEAssistanceInformation (with extended parameter set)
· New MAC CE
· New SDAP Control PDU
Refer to section 3.2 for the parameter set exchanged over the interfaces (DS-TT/APP to UE; UE to gNB)
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Figure 2: Message Flow between DS-TT/App and gNB
Proposal 3: The DS-TT or UE Application provides a traffic pattern / scheduling assistance to UE, and UE reports a parameter set with assistance info to the gNB. 

Option 2: Scheduling Assistance provided by the UE directly
With this option, the UE reports assistance info based the traffic situation at its local buffers directly. This means the UE needs to filter and collect this information for the relevant QoS flows or logical channels.
Figure 3 provides a sketch of the basic procedure. 
· Step 1: Network configures the UE to provide scheduling assistance and decides on a message layer for scheduling assistance reporting. The reporting can be configured separately for UL and DL and the configuration may apply to a set of QoS flows or logical channels.
· Step 2: UE applies the configuration. Normal data transfer occurs. UE filters relevant QoS flows or logical channels, it records and collects relevant traffic patterns.
a) Expected number of bytes, periodicity, burst timing, etc.
· Step 3: The UE reports Scheduling Assistance Information to the network
a) Traffic Pattern Info (i.e., Scheduling Assistance) transmission can be mapped to different RAN layers, for example:
· RRC UEAssistanceInformation (with extended parameter set)
· New MAC CE
· New SDAP Control PDU
Refer to section 3.2 for the general parameter set exchanged over the interface between UE and gNB.
This method is less accurate than option 1. Burst parameters and periodicity of the data arrival at the UE may be subject to internal interface constraints between DS-TT (App) and UE. For example, application data may be distributed over multiple smaller packets and received at a slightly different rate by the UE.
SDAP is suited for this approach as it has a notion of the QFI. Other layers would have to parse (extract) external traffic flows, which is slightly more cumbersome (can be more expensive).
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Figure 3: Message Flow between DS-TT/App and gNB
Proposal 4: UE reports scheduling assistance information directly, based on data arrival in the modem. 

RRC methods to signal UE Scheduling Assistance
RRC can report scheduling assistance through UEAssistanceInformation. 
· Include a new TrafficPatternInfo IE, similar to SL 
a) Parameters
· Periodicity
· timingOffset
· messageSize
· QFI
· Additional points
a) Possibility for the network to select (configure) a suitable message layer, for both UL and DL separately
· RRC based
· MAC based
· SDAP based
b) Extended parameter set to accommodate burst parameters
c) It may be required to use e.g. RRC based in DL and MAC based in UL
Message layout 1 — based on the parameter set in section 3.2.
· Multiple traffic patterns can be indicated for UL and DL
· timeBase
a) DS-TT or APP: egress for UL, ingress for DL
b) UE: radio interface (egress for UL, ingress for DL)
· burstStart + burstEnd or alternatively, BAT + burst spread
a) Timing (TDRA and offset) aligned with CG for uplink and SPS for DL; or 
b) Format aligned with TSCAI
· For multiple TSC streams (IP flows) aggregated into a single QoS flow
a) The same QFI (QoS-FlowIdentity) may appear multiple times in different list entries, enabling the possibility to signal multiple patterns
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Figure 4: RRC based traffic pattern preference signalling
Message layout 2 — based on the parameter set in section 3.2. 
· QoS-FlowIdentity
a) This probably is the general (typical) setup, suitable for most cases
b) Possible to be used both before and after CG/SPS setup
· configuredGrantConfigIndexMAC 
a) To request a parameter adjustment for a particular CG, the UE can use configuredGrantConfigIndexMAC
b) Used after CG/SPS setup, e.g., to request a periodicity adjustment for a specific CG. This is a special (uncommon) case.
· logicalChannelIdentity
a) In case multiple QFIs (say QFI1 and QFI2) are mapped to the same DRB and that DRB/LCH is mapped to multiple CGs (say CG1, CG2, CG3), if the 3 CGs are meant to be shared between QFI1 and QFI2, the UE can signal the combined traffic pattern based on logicalChannelIdentity.
b) Used after CG/SPS setup, e.g., to request a burst size adjustment for a specific LCH
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Figure 5: RRC based signalling (alternative)

SDAP based traffic pattern indication (alternative)
New SDAP Control PDU
· Potential new parameters
a) Periodicity
b) QFI (i.e., QFI only — no other choices like DRB or CG)
c) Burst arrival time (BAT) as given by the application, e.g., based on timestamps at the interface between UE and DS-TT. This can utilize gPTP. 
d) Burst size
e) Direction (uplink or downlink)
Advantage: SDAP can work autonomously and does not need to depend on higher layers, since traffic information is already present at the granularity of QFI. 

Configuration Options
A gNB can indicate that TSCAI is missing, that is, for a QoS flow considered to benefit from TSCAI. 
The gNB can configure the UE to provide scheduling assistance information via a suitable layer: 
· RRC based
· SDAP based
· MAC based
Config Options:
· UL and DL (direction)
· Prohibit timer
· Whether to report scheduling info based on QoS flows (QFI) or DRB/LCH
a) Higher layers (SDAP, DS-TT, App) naturally report based on QoS flows
All parameters are optional — UE may e.g. report burst timing only, or periodicity only.
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Figure 6: UL/DL enablement of RRC scheduling assistance
Proposal 4: The network can indicate to the UE that TSCAI is not available and configure the UE with a message layer for scheduling assistance reporting.

Conclusions
This paper discusses the current framework for TSC assistance information and concludes to propose a number of RAN enhancements. We have the following observations and proposals:
Observation 1: The presence of assistance information at the gNB is likely beneficial for a number of use-cases including but not limited to TSN, URLLC, IIoT, and Advanced Interactive Services.
Observation 2: The presence of TSCAI is optional at the gNB.
Proposal 1: The DS-TT or the UE can provide assistance information to the gNB.
Proposal 2: Scheduling assistance information can include burst size, burst timing or periodicity. A parameter set an be indicated separately per direction (UL or DL).
Proposal 3: The DS-TT or UE Application provides a traffic pattern / scheduling assistance to UE, and UE reports a parameter set with assistance info to the gNB. 
Proposal 4: UE reports scheduling assistance information directly, based on data arrival in the modem. 
Proposal 5: The network can indicate to the UE that TSCAI is not available and configure the UE with a message layer for scheduling assistance reporting.
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