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Abstract of the contribution: This paper proposes Nominal PDU Set Delay Budget as an additional PDU Set QoS parameter. 

1.	Discussion
Periodic XR traffic may not necessarily be truly periodic. One reason is that the application server may not send media traffic at equidistant time intervals due to e.g. differences in scene complexity. In case of a simple scene, the application server may be done rendering an image in less time than it takes to render a very complex scene. This implies that the application server may start sending the PDU Set containing the rendered image of a simple scene earlier than a PDU Set containing the image of a complex scene. As a result, the UE does not receive PDU Sets periodically but may receive PDU Sets before (in case of simple scenes) or after the next expected burst arrival time (in case of very complex scenes). (Hereafter we refer to these PDU Sets as early PDU Sets and late PDU Sets, respectively.)
It is worth addressing these scenarios for two reasons:
-	Early PDU Sets lead to an inefficient use of RAN resources because RAN could have allowed itself more time to deliver the PDU Set.
-	Late PDU Sets can pose a problem from a quality of experience perspective because the content can only be presented to the user later.
Therefore this solution proposes to introduce the Nominal PDU Set Delay Budget (NPSDB) and to enable an AF to provide the NPSDB for a QoS flow to 5GS in addition to PSDB, PSER, PSIHI. NPSDB is provided together with other PDU Set QoS parameters to NG-RAN using existing procedures.
The key idea of NPSDB is to define the delay budget for a PDU Set in relation to the Nominal Arrival Time for the PDU Set at the UPF, referred to as Nominal Arrival Time@UPF. The Nominal Arrival Time@UPF represents the timepoint when a PDU Set is expected to be received at the UPF based on the periodicity of a QoS flow.
The Nominal Arrival Time can also be defined at NG-RAN, referred to as Nominal Arrival Time@RAN, as the timepoint when a PDU Set is expected to be received at the RAN according to the periodicity for a QoS flow. Nominal Arrival Time@RAN can also be defined as 
Nominal Arrival Time@RAN = Nominal Arrival Time@UPF + CN PDB.
As illustrated in Figure 1, the Nominal Arrival Times are equidistant timepoints that occur every Periodicity milliseconds. They represent the timepoints when PDU Sets are expected to be received at the UPF or the RAN, respectively. An early PDU Set arrives earlier than its Nominal Arrival Time (e.g., PDU Set A in Figure 1), a late PDU Set arrives later than its Nominal Arrival Time (e.g., PDU Set B in Figure 1).
[image: ]
Figure 1: PDU Set A arrives later than expected (reducing the time available for NG-RAN to deliver PDU Set A to the UE) while PDU Set B arrives earlier than expected (allowing more time for NG-RAN to deliver PDU Set B to the UE).
The NPSDB is then defined as the duration between the Nominal Arrival Time@UPF of the first PDU of a PDU Set at the N6 termination point and the time when all PDUs of a PDU Set have been successfully received at the UE.
NG-RAN applies NPSDB as follows: 
[bookmark: _Hlk155963801]-	NG-RAN calculates AN-NPSDB by subtracting CN PDB from the NPSDB.
-	NG-RAN locally determines Nominal Arrival Time@RAN based on implementation.
NOTE:	As an example, NG-RAN can infer the Nominal Arrival Time@RAN by evaluating the arrival time distribution of a small number of PDU Sets.
-	NG-RAN delivers a PDU Set that arrives during the interval 

to the UE by 


2.	Proposal
It is proposed to agree the following changes to TS 23.700-xxx:
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<
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[bookmark: startOfAnnexes][bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc151529983]>>>> NEXT CHANGES (all new text) <<<<
[bookmark: _Hlk155884599]6.X	Solution #X: Nominal PSDB
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc151529984]6.X.1	Key Issue mapping
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]This solution addresses key issue #1.
[bookmark: _Toc151529985]6.X.2	Description
Periodic XR traffic may not necessarily be truly periodic. One reason is that the application server may not send media traffic at equidistant time intervals due to e.g. differences in scene complexity. In case of a simple scene, the application server may be done rendering an image in less time than it takes to render a very complex scene. This implies that the application server may start sending the PDU Set containing the rendered image of a simple scene earlier than a PDU Set containing the image of a complex scene. As a result, the UE does not receive PDU Sets periodically but may receive PDU Sets before (in case of simple scenes) or after the next expected burst arrival time (in case of very complex scenes). (Hereafter we refer to these PDU Sets as early PDU Sets and late PDU Sets, respectively.)
It is worth addressing these scenarios for two reasons:
-	Early PDU Sets lead to an inefficient use of RAN resources because RAN could have allowed itself more time to deliver the PDU Set.
-	Late PDU Sets can pose a problem from a quality of experience perspective because the content can only be presented to the user later.
Therefore this solution proposes to introduce the Nominal PDU Set Delay Budget (NPSDB) and to enable an AF to provide the NPSDB for a QoS flow to 5GS in addition to PSDB, PSER, PSIHI. NPSDB is provided together with other PDU Set QoS parameters to NG-RAN using existing procedures.
The key idea of NPSDB is to define the delay budget for a PDU Set in relation to the Nominal Arrival Time for the PDU Set at the UPF, referred to as Nominal Arrival Time@UPF. The Nominal Arrival Time@UPF represents the timepoint when a PDU Set is expected to be received at the UPF based on the periodicity of a QoS flow.
The Nominal Arrival Time can also be defined at NG-RAN, referred to as Nominal Arrival Time@RAN, as the timepoint when a PDU Set is expected to be received at the RAN according to the periodicity for a QoS flow. Nominal Arrival Time@RAN can also be defined as 
Nominal Arrival Time@RAN = Nominal Arrival Time@UPF + CN PDB.
As illustrated in Figure 6.X.1, the Nominal Arrival Times are equidistant timepoints that occur every Periodicity milliseconds. They represent the timepoints when PDU Sets are expected to be received at the UPF or the RAN, respectively. An early PDU Set arrives earlier than its Nominal Arrival Time (e.g., PDU Set A in Figure 6.X.1), a late PDU Set arrives later than its Nominal Arrival Time (e.g., PDU Set B in Figure 6.X.1).
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Figure 6.X.1: PDU Set A arrives later than expected (reducing the time available for NG-RAN to deliver PDU Set A to the UE) while PDU Set B arrives earlier than expected (allowing more time for NG-RAN to deliver PDU Set B to the UE).
The NPSDB is then defined as the duration between the Nominal Arrival Time@UPF of the first PDU of a PDU Set at the N6 termination point and the time when all PDUs of a PDU Set have been successfully received at the UE.
NG-RAN applies NPSDB as follows: 
-	NG-RAN calculates AN-NPSDB by subtracting CN PDB from the NPSDB.
-	NG-RAN locally determines Nominal Arrival Time@RAN based on implementation.
NOTE:	As an example, NG-RAN can infer the Nominal Arrival Time@RAN by evaluating the arrival time distribution of a small number of PDU Sets.
-	NG-RAN delivers a PDU Set that arrives during the interval 

to the UE by 

[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc151529986]6.X.3	Procedures
Existing procedures are re-used. PDU Set QoS in existing procedures is extended by NPSDB.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc151529987]6.X.4	Impacts on services, entities and interfaces
-	AF
-	Provide Nominal PSDB to PCF
-	PCF 
-	Receive Nominal PSDB from AF and provide Nominal PSDB to SMF as part of PCC rules
	SMF
-	Receive Nominal PSDB from PCF and provide Nominal PSDB to RAN
-	NG-RAN
-	Support receiving Nominal PSDB for a QoS flow and support enforcing Nominal PSDB.
>>>>END OF CHANGES<<<<
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