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Introduction
This solution addresses Key Issue #2: UE-UE TSC communication. The solution proposes a delay model that addresses the shortcoming of the current delay model which supports only communication between the UE and the data network. We elaborate the solution that was discussed in SA2#139 by adding further clarifications, details and enhancements. Note that the proposed delay model can be used as a standalone solution or it could be combined with other solutions for the UE to UE key issue as well. 
From a 3GPP system perspective, UE-UE communication is a special case that requires the UPF to be able to forward traffic between UEs without going through a NW-TT port. From the TSN network perspective, however, the UE-UE communication is not special; as the 5GS models a TSN bridge, it just corresponds to communication between two ports. 
We therefore generalize the 5GS bridge delay model, so that it will support TSC communication between any two ports pairs. That includes communication between a DS-TT port and a NW-TT port, as already supported, but also extended to include communication between two DS-TT ports (i.e., UE to UE communication), as well as communication between two NW-TT ports, even though that is not the main focus. The solution tries to minimize the special 3GPP handling of these options, and instead proposes a general framework that is equally applicable to all cases. 
Problem with current delay model
The figure below illustrates the current delay model (defined in section 5.27.5 of 23.501) and the problem with UE to UE traffic. The purpose of the delay model for the 5GS bridge is to enable the TSN AF to provide the delay for port pairs of the 5GS bridge when the CNC requests the information from the TSN AF for a given port pair. 
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The current delay model consists of the UE-DS-TT residence time, reported by the UE, and the pre-configured per-traffic-class UE-NW-TT delay. The UE-DS-TT residence time provides the delay within the device. The UE-NW-TT delay provides the delay between the UE and the NW-TT port of the UPF. By adding these two components, the TSN AF can calculate the delay of the 5GS bridge between a DS-TT port and a NW-TT port. 
However, the current delay model is not suitable for UE to UE traffic because that does not go via a NW-TT port. For UE-UE traffic the delay taken within the UPF when forwarding traffic from one PDU Session to another PDU session may be different than that experienced when going (a) from a PDU session to the NW-TT port and then (b) from the NW-TT port to a UE using a second PDU Session. Therefore, the current delay model may give a too high delay value for UE to UE traffic due to the incorrect assumption of the model with the traffic passing via the NW-TT port. Note that the UE-DS-TT residence time is already considered in the delay model, as well as the residence time in fixed TSN bridges, and the UPF residence time may be similar or higher than those components.
Black box model for UPF residence time
To properly consider the time it takes for traffic to go through the UPF, we introduce the concept of the UPF residence time, as illustrated in the figure below. The UPF residence time represents the time it takes for packets from an ingress UPF port to an egress UPF port within the UPF node. 
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The figure illustrates UPF ports D.1, D.2, D.3, corresponding to the device side of the UPF node, and ports N.1, N.2 corresponding to the network side of the UPF, i.e., NW-TT ports. The UPF residence time is shown for some example port pairs, such as between two device side UPF ports, between two network side UPF ports, and between a device and network side UPF port. The UPF residence time can be interpreted between any port pair of the UPF. 
The model takes a black box approach: the delay is represented by the time it takes from the ingress UPF port to the egress UPF port, without taking any assumption about the UPF implementation. This keeps the implementation flexible and is aligned with the TSN modeling approach for fixed networks, where bridge residence time is similarly represented by the delay between the port pairs. 
The UPF residence time is reported from the UPF to the TSN AF. The UPF may provide different values for the UPF residence time depending on the type of the ports in the port pair. Each UPF port has a type (such as “device side ports” and “network side ports”), and the delay is provided between all possible combinations of port type pairs (for example between device and device side ports, between device and network side ports, and between network and network side ports). This allows the TSN AF to take into account the differences in the UPF residence time between e.g., network-device side port pairs and device-device side port pairs yet keep the delay reporting complexity low. The delay reporting on a port type granularity basis allows for high accuracy while the use of port types avoids the need to report the delay separately for each port pair. 
Enhanced delay model for the 5GS
Based on the introduction of the UPF residence time, we propose the following enhanced model for release-17 which can accommodate any traffic, including UE-network, UE-UE, network-network. The enhanced model is illustrated in the figure below.
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The model uses the following three components.
· UE-DS-TT residence time – as already specified – is reported by the UE to the TSN AF to capture the delay within the device. 
· The UE-UPF delay is pre-configured in the TSN AF on a per traffic class granularity. It is measured between the UE and the device side of the UPF. Compared to release-17, there is a change that instead of the UE-NW-TT delay, the UE-UPF delay is pre-configured. Minimal and maximal values can also be used.
· The UPF residence time may be reported by the UPF to the TSN AF to capture the delay within the UPF. As described above, the UPF residence time follows the black box approach and can be reported separately for different port type pair combinations, such as separately between a device-device side port pair, device-network side port pair and network-network side port pair. The reporting can be performed on a per traffic class granularity. The TSN AF can also be pre-configured with a default UPF residence time between any port pair, one a per traffic class granularity, in case the UPF does not report it.
Using these components, the delay can be calculated by the TSN AF for any possible port pair of the 5GS as requested by the CNC. For example, 
· The delay between a DS-TT port and a NW-TT port is calculated as the sum of the UE-DS-TT residence time, the UE-UPF delay and the UPF residence time between the device-network side port pair. 
· The delay between a DS-TT port 1 and another DS-TT port 2 is calculated as the sum of the UE-DS-TT residence time for UE1, the UE-UPF delay, UPF residence time between device-device side port pair, UE-UPF delay, UE-DS-TT residence time for UE2. 
Parameters provided to the 5GS
The TSN AF provides two parameters that are related to the delay model to the PCF: the delay parameter and the burst arrival time. We discuss below how to provide these parameters in the case of UE to UE traffic. The solution minimizes the impact on the 5GS; the adaptation at the TSN AF makes it possible to avoid the special handling of the UE to UE traffic in the 3GPP system QoS mechanism. It is assumed that the TSN AF provides parameters for the two (or more) legs of the UE to UE flow separately, since the uplink and downlink parts of the TSN stream are handled by different PDU Sessions and the 3GPP system handles the PDU Sessions individually. 
The delay parameter provided by the TSN AF to the PCF is assumed to correspond to the packet delay budget (PDB) that the 3GPP system needs to satisfy. This parameter can be used by the PCF to set the appropriate QoS parameters within the 3GPP system. The PDB is assumed to be measured between the UE and the UPF/NW-TT port, as that is where the N6 interface is terminated. Currently in release-16, for UE-network traffic, the delay value provided by the TSN AF to the PCF can be set using the UE-NW-TT delay. With the proposed delay model for release-17, the delay value provided by the TSN AF to the PCF can be set using UE-UPF delay plus UPF residence time between device-network side port pair. 
Regarding UE to UE traffic, the delay value provided by the TSN AF to the PCF is used to set the 3GPP QoS parameters in the PDU Session, and for that purpose the 3GPP system does not need to be aware that the PDU Session carries one leg of a UE to UE traffic. Therefore, the TSN AF can provide a nominal delay value that corresponds to the PDU Session’s traffic as if it was for UE - network traffic though the traffic is actually UE to UE traffic. Hence, also for a given leg of UE to UE traffic, the TSN AF can provide a nominal delay value that can be set as follows and used in the 3GPP system for setting the 3GPP QoS of the given PDU Session. 
[bookmark: _Hlk43476214]Nominal delay for PDU Sessions 1, 2 = UE-UPF delay + UPF residence time (device-network). 
For the PCF, this allows to set up the QoS for the flow such that the PDB required for the flow is observed. The figure below illustrates the nominal PDB values that can be used for the PCF to set the appropriate QoS without having to know that the given PDU Session carries UE to UE traffic. 
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Regarding the burst arrival time (BAT), for the PDU Session which takes the uplink direction (assume here that is UE1) there is no change for UE to UE traffic. However, for the PDU Session which takes the downlink direction (assume here that is UE2), the burst arrives there later: it takes the total of the UE-DS-TT residence time for UE1 + UE-UPF delay + UPF residence time (device-device) extra time for the burst to arrive at the egress UPF port for UE2’s PDU Session. If the PDU Session 2 carried the same traffic, but coming from the network to the UE, with a burst arriving at the NW-TT port earlier by a time of UPF residence time for device-network, it would arrive at the UPF egress for PDU Session 2 at the same time as the burst on the UE to UE direction, as illustrated in the figure below. Therefore, the TSN AF can report for PDU Session 2 (downlink) a nominal burst arrival time as follows.
Nominal BAT for PDU Session 2 (DL) = BAT for PDU Session 1 (UL) + UE-DS-TT residence time for UE1 + UE-UPF delay + UPF residence time (device-device) – UPF residence time (network-device). 
By reporting this nominal burst arrival time to the PCF for PDU Session 2, which is forwarded to the SMF, the SMF can use the existing approach to handle the burst arrival time, and to calculate the TSCAI that is sent to RAN. Again, the 3GPP system QoS handling does not need to be aware that a specific traffic is UE to UE traffic; the TSN AF performs the parameter reporting to the PCF in such a way that the existing QoS mappings can apply. 
Note that the solution does not exclude other ways of calculation in the TSN AF. 
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As described above, the TSN AF can use the delay model to report delay and burst arrival time values for each PDU Session so that the 3GPP system can handle the PDU Sessions individually and in the same way as with UE-network traffic, with the appropriate QoS adaptation required for the UE to UE traffic. 
Note also that the solution is equally applicable to TSN streams with more than one receivers, in which case more than one UEs receive the TSN stream using a PDU Session that has downlink traffic. 
Backwards compatibility
The solution provides an enhancement of the current release-16 model, and it is backwards compatible to the release-16 solution and can be used in a network where both the UPF and the TSN AF are release 17 entities. 
In situations where the network is not fully upgraded to release 17, the operator can handle the deployment as follows.
· In case the TSN AF is still of release 16, the delay model of release 16 can be used, which does not properly capture the UE-UE traffic, nevertheless the deployment can still work according to release-16 principles. 
· In case the TSN AF is upgraded to release 17 but there is a UPF which is of release 16 and does not report the UPF residence time, a pre-configured value of the UPF residence time, on a per traffic class granularity, may be used in the TSN AF. 
If an operator deploys release 17 but would like to ignore the UPF residence time impact on the end to end delay, that is possible by setting the UPF residence time to zero. 
Therefore, the solution allows for a smooth migration from release 16 to release 17 where the operator may take advantage of the refined delay model, but the operator is not forced to use the enhancements. 
Proposal
It is proposed to add the following solution to 23.700-20 (all new text).

[bookmark: _Hlk26955001]* * * * Start new section * * * *

[bookmark: _Toc26431242][bookmark: _Toc30694640][bookmark: _Toc31096554]6.X	Solution #X: Delay model for UE-UE communication 
[bookmark: _Toc26386437][bookmark: _Toc26431243][bookmark: _Toc30694641][bookmark: _Toc31096555]6.X.1	Introduction
This solution addresses Key Issue #2: UE-UE TSC communication. The solution proposes a delay model that addresses the shortcoming of the current delay model which supports only communication between the UE and the data network. That is because the current model assumes traffic to go via a NW-TT port, while UE to UE traffic does not go via the NW-TT ports. Note that the proposed delay model can be used as a standalone solution or it could be combined with other solutions for the UE to UE key issue as well. 
This solution generalizes the 5GS bridge delay model, so that it will support TSC communication between any two ports pairs. That includes communication between a DS-TT port and a NW-TT port, as already supported, but also extended to include communication between two DS-TT ports (i.e., UE to UE communication). Besides, the solution enables the communication between two NW-TT ports since the model allows the TSN AF to calculate the delay between NW-TT port pairs, even though that is not the main focus. The solution tries to minimize the special 3GPP handling of these options and proposes a general framework that is equally applicable to all cases. 
The solution makes use of the concept of the UPF residence time, as illustrated in the figure 6.x.1-1 below. The UPF residence time represents the time it takes for packets from an ingress UPF port to an egress UPF port within the UPF node. 
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Figure 6.x.1-1 UPF residence time calculation
The figure illustrates UPF ports D.1, D.2, D.3, corresponding to the device side of the UPF node, and ports N.1, N.2 corresponding to the network side of the UPF, i.e., NW-TT ports. The UPF residence time is shown for some example port pairs, such as between two device side UPF ports, between two network side UPF ports, and between a device and network side UPF port. The UPF residence time can be interpreted between any port pair of the UPF. The model takes a black box approach: the delay is represented by the time it takes from the ingress UPF port to the egress UPF port, without taking any assumption about the UPF implementation.
The UPF residence time is reported from the UPF to the TSN AF. The UPF may provide different values for the UPF residence time depending on the type of the ports in the port pair. Each UPF port has a type (such as “device side ports” and “network side UPF ports”), and the delay is provided between all possible combinations of port type pairs (for example between device and device side ports, between device and network side ports, and between network and network side ports). This allows the TSN AF to take into account the differences in the UPF residence time between e.g., network-device side port pairs and device-device side port pairs yet keep the delay reporting complexity low. 
Based on the UPF residence time, the enhanced model is illustrated in the figure 6.x.1-2 below which can accommodate any traffic, including UE-network, UE-UE, network-network.

[bookmark: _GoBack][image: ]
Figure 6.x.1-2 UPF residence time for UE-network, UE-UE, network-network
The model uses the following three components.
· UE-DS-TT residence time – as already specified – is reported by the UE to the TSN AF to capture the delay within the device. 
· The UE-UPF delay is pre-configured in the TSN AF on a per traffic class granularity. Compared to release-17, there is a change that instead of the UE-NW-TT delay, the UE-UPF delay is pre-configured. Minimal and maximal values can also be used.
· The UPF residence time is reported by the UPF to the TSN AF to capture the delay within the UPF. The UPF residence time can be reported separately for different port type pair combinations, such as separately between a device-device side port pair, device-network side port pair and network-network side port pair. The reporting can be performed on a per traffic class granularity. The TSN AF can also be pre-configured with a default UPF residence time between any port pair, one a per traffic class granularity, in case the UPF does not report it.
Using these components, the delay can be calculated by the TSN AF for any possible port pair of the 5GS as requested by the CNC. For example, 
· The delay between a DS-TT port and a NW-TT port is calculated as the sum of the UE-DS-TT residence time, the UE-UPF delay and the UPF residence time between the device-network side port pair. 
· The delay between a DS-TT port and another DS-TT port is calculated as the sum of the UE-DS-TT residence time for UE1, the UE-UPF delay, UPF residence time between device-device side port pair, UE-UPF delay, UE-DS-TT residence time for UE2. 
[bookmark: _Toc26386438][bookmark: _Toc26431244][bookmark: _Toc30694642][bookmark: _Toc31096556]
6.X.2	Functional Description
· [bookmark: _Toc26386439][bookmark: _Toc26431245][bookmark: _Toc30694643][bookmark: _Toc31096557]The release-16 delay model of the 5GS is refined as follows. The UE-NW-TT delay is divided into two parts: the UE-UPF delay and the UPF residence time. (The UE-DS-TT residence time is not changed. Also, the definition of the Packet Delay Budget (PDB) is not affected.)
· The UE-UPF delay is pre-configured into the TSN AF on a per traffic class granularity. 
· The UPF residence time can be pre-configured into the UPF and provided to the TSN AF as part of the 5GS bridge configuration on a per traffic class basis. Ports are grouped into port types, and the UPF residence time is reported for all combinations of port type pairs. E.g., considering device side and network side ports as port types, the delay is reported for device-network, device-device and network-network port pair combinations.
· In case the UPF does not provide the residence time, the TSN AF can use a default value that is pre-configured on a per traffic class granularity. 
· Between two DS-TT ports, the TSN AF calculates the bridge delay by adding the UE-DS-TT residence time and the UE-UPF delay for the two UEs and adding the UPF residence time for device-device. Between a DS-TT port and a NW-TT port, the TSN AF calculates the bridge delay by adding the UE-DS-TT residence time, the UE-UPF delay and the UPF residence time for device-network.
· The CNC takes into account the delay between two DS-TT ports as reported by the TSN AF when setting up TSN streams and sets the traffic classes and TSN parameters accordingly, which is provided to the TSN AF. As already specified, the TSN AF provides the TSN parameters to the PCF so that the PCF can map the TSN traffic classes/parameters into 3GPP QoS parameters.  The TSN AF determines and provides the TSN parameters for the PDU Sessions separately. 
· The TSN AF provides nominal QoS parameters for each PDU Session for the given traffic streams that correspond to the current definition of QoS parameters between DS-TT and NW-TT ports. The PCF can perform the QoS mapping based on the traffic classes/parameters that it receives for a given PDU Session without having to know whether the traffic is UE to UE or not. The nominal parameters for the delay and burst arrival time provided from the TSN AF to the PCF correspond to the same traffic pattern over the PDU Session, as if it was routed between the device and the NW-TT port so that the provided parameters are in line with the current definition.
· Specifically, the delay parameter corresponding to the PDB in the 3GPP (measured up to the NW-TT port) can be calculated as 
Nominal delay for PDU Sessions = UE-UPF delay + UPF residence time (device-network). 
Other ways of calculation are not excluded. 
· The burst arrival time (BAT) for a PDU Session with uplink stream is unchanged. The burst arrival time (BAT) for a PDU Session with downlink stream can be calculated as follows. 
Nominal BAT for PDU Session (DL) = BAT for PDU Session (UL) + UE-DS-TT residence time for PDU Session (UL) + UE-UPF delay + UPF residence time (device-device) – UPF residence time (network-device). 
Other ways of calculation are not excluded. 
6.X.3	Procedures
[bookmark: _Toc26386440][bookmark: _Toc26431246][bookmark: _Toc30694644][bookmark: _Toc31096558]The following new or adjusted procedures are needed for the solution. 
· TSN AF is pre-configured with the UE-UPF delay per traffic class.
· The TSN AF determines the necessary TSN parameters for both of the PDU Sessions separately. The PCF can perform the QoS mapping based on the traffic classes/parameters that it receives for a given PDU Session without having to know whether the traffic is UE to UE or not. 
· The UPF is pre-configured with the UPF residence time between its port type pairs per traffic class, and this information is provided from UPF to TSN AF within the Bridge Management Information Container. 

The solution can also be applied in case of multiple TSN listeners, i.e., when more than one UE receives the downlink stream. 
The solution is backwards compatible to the release 16 solution and represents an enhancement. The TSN AF may use pre-configured values for the UPF residence time in case the UPF does not provide it. 
6.X.4	Impacts on existing services and interfaces
The solution addresses one aspect of UE to UE communication, and may be combined with other solutions for the UE to UE key issue. 
TSN AF:
· Delay model is refined. The delay uses the separate UE-UPF delay (pre-configured) and the UPF residence time (provided by the UPF as part of the Bridge Management Information Container.) The TSN AF provides the TSN parameters to the PCF separately for each PDU Session. 
UPF:
· UPF provides the UPF residence time as part of the Bridge Management Information Container. 

* * * * End new section * * * *
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