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1. Discussion on PSDB
During the discussion in #153, there are three options to define PSDB
Option1: From S2-2206231r07,
· PDU Set Delay Budget (PSDB) (solution 8, 9, 12, 14, 25, 26). The PDU Set Delay Budget defines an upper bound of the time that a PDU Set may be delayed between UE and the N6 termination point at the UPF. For DL, the PSDB indicates the upper bound of time from the moment when the first PDU of a PDU Set arrives at UPF to the moment when the last PDU of the PDU Set is transmitted to UE. Similarly, for UL, the PSDB shows the upper bound of the time from the moment when the first PDU of the PDU Set is sent by the UE to the moment when last PDU of the PDU Set is delivered by the UPF to the N6. The AN PSDB is determined by PSDB subtracting CN
Option2: From S2-2206231r04
· The PDU Set Delay Budget defines an upper bound of the time that a PDU Set may be delayed between UE and the N6 termination point at the UPF. For DL, the PSDB indicates the upper bound of time from the moment when the last bit of the last PDU of a PDU Set arrives at UPF to the moment when the last bit of the last PDU of the PDU Set is transmitted to UE. Similarly, for UL, the PSDB shows the upper bound of the time from the moment when the last bit of the last PDU of the PDU Set is sent by the UE to the moment when last bit of the last PDU of the PDU Set is delivered to the UPF. The AN PSDB is determined by PSDB subtracting CN PDB
Option3: From S2-2206231r08,
· PDU Set Delay Budget (PSDB) (solution 8, 9, 12, 14, 25, 26). The PDU Set Delay Budget defines an upper bound of the time taken to transmit all the PDUs within a PDU Set. This is determined by the sum of the time taken by the 5GS to deliver all the PDUs within the PDU Set. Time taken to deliver an individual PDU is the amount of time taken between UE and N6 termination point at the UPF.

<The main concerns for option1>
· Jitter in N6 may cause some PDU arrive late and those PDUs have no sufficient delay budget, as shown in figure1-1.
· The even worse case is shown in figure1-2, some PDUs arrive after the PSDB is expiry.  


Figure-1
<The main concerns for option2>
· The duration of PSDB is flexible and up to the arrival time of the last PDU. The later the last PDU arrives, the longer the PSDB is.
· Option2 is not reliable since it closely depends on the last the PDU but the last PDU may be lost.
· And it is unclear how to treat the previous PDU’s delay budget when the last PDU does not arrive.
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Figure-2

The following table shows a brief summary of the cons and sums of the three options
	
	Option1
	Option2
	Option3

	Cons
	· Jitter in N6 may cause some PDU arrive late and those PDUs have no sufficient delay budget, as shown in figure1-1.
· The even worse case is shown in figure1-2, some PDU arrive after the PSDB is expiry.  

	· The duration of PSDB is flexible and up to the arrival time of the last PDU. The later the last PDU arrives, the longer the PSDB is. 
· Option2 is not reliable since it closely depends on the last the PDU but the last PDU may be lost.
· And it is unclear how to treat the previous PDU’s delay budget when the last PDU does not arrive.

	an upper bound of the time taken to transmit all the PDUs within a PDU Set.
Unclear whether the PSDB starts and when it is ends

	Pros
	PSDB is static and fair for each PDU Set.
	PSDB makes sure delay budget for each PDU of the PDU Set is as long as a PDB at least. 
	[bookmark: _GoBack]



Based on the cons and pros of the option, some optimization can be considered.
Optimization based on option1:
· Option1-1:
· the PSDB still starts from the 1st arrived PDU and the duration of the PSDB is static as option1.
· PSDB is applied to the first N PDUs and at the arrival time of the first N PDUs, the leftover PSDB is sufficient.
· PSDB are not applied to those late arrived PDUs of the PDU Set. For those PDUs, PDB is applied.
· In most cases, the PSDB is sufficient for all PDUs of a PDU Set, i.e. the Nth PDU is the last PDU of the PDU Set.
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Figure-3

Optimization based on option2
Option2-1:
· The duration of the PSDB is flexible as option2.
· By restarting PSDB along with each PDU arrival, it can guarantee each PDU at least a delay budget as long as PDB. 
· Note: This option doesn’t rely on the arrival time of the last PDU but the interval between PDUs should less than a PDB. But it is rare case that the interval jitter is more than a PDB.


Figure-4


Option2-2: 
· The duration of the PSDB is flexible as option2.
· The initial delay budget for a PDU Set is infinite until the last PDU is received. When the last PDU is received or the end of PDU Set is determined, the delay budget of a PDU Set is updated as a PSDB. 
· However, the last PDU may be lost or arrives late, then the real PSDB is too long. 


Figure-5

2. Summary 
· The definition Alternative-1 of PSDB
· The PSDB defines an upper bound of the time taken by the 5GS to transmit the PDUs within a PDU Set and at the arrival moment of those PDUs, the leftover PSDB is sufficient (e.g. >= a PDB). If some PDUs within the PDU Set arrives late, i.e. at the arrival moment of those PDUs, the leftover PSDB is less than a PDB, PDB is applied to those per late PDU as legacy.
· Within a PDU Set, for DL, the PSDB starts from the moment that the first PDU arrives at UPF to the moment when the Nth PDU is transmitted to UE. Similarly, for UL, the PSDB start from the moment that the first PDU arrives UE and waits for scheduling to the moment when Nth PDU of the PDU Set is delivered by the UPF to the N6. The Nth PDU is the last arrived PDU at whose the arrival moment, the leftover PSDB is longer than a PDB.
· The definition Alternative 2 of PSDB
· The PSDB defines an upper bound of the time taken by the 5GS to transmit all PDUs within a PDU Set and the PSDB make sure delay budget for each PDU of the PDU Set is as long as a PDB at least.
· The initial delay budget for a PDU Set is as long as a PDB and delay budget for a PDU Set restarts along with each PDU arrival.
· The definition Alternative 3 of PSDB
· The PSDB defines an upper bound of the time taken by the 5GS to transmit all PDUs within a PDU Set and the PSDB make sure delay budget for each PDU of the PDU Set is as long as a PDB at least.
· The initial delay budget for a PDU Set is infinite until the last PDU is received. When the last PDU is received or the PDU Set end is determined, the delay budget of a PDU Set restarts as a PSDB.
Proposal: Alternative1 is proposed since it is simplest and the PSDB is static.
3. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733][bookmark: _Hlk111028050]Based on proposal in S2-2205840, this paper proposes the following interim conclusions for KI#4&5 to TR 23.700-60.
[bookmark: _Toc92875666][bookmark: _Toc93070690]* Start of change *  
[bookmark: _Toc97526931][bookmark: _Toc101526315][bookmark: _Toc104883169]8	Conclusions
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
8.X	Interim Conclusions for KI#4&5
The following aspects are concluded as principles for the normative work:
1. The NG RAN acquires the following information to support PDU Set handling.
-	The information for intra-PDU Set handling: 
-	PDU Set Sequence number (SN).
-	Start/End PDU of the PDU Set.
-	PDU SN within a PDU Set.
-	Number of PDUs within a PDU Set.
-	The following information for inter-PDU Set handling:
-	PDU Set importance
· The PDU Set importance for an XR service flow is delivery to RAN by using different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.
-	New QoS parameters for PDU Set based QoS handling in 5GS:
-	PDU Set Delay Budget (PSDB). 
· The PSDB defines an upper bound of the time taken by the 5GS to transmit the PDUs within a PDU Set and at the arrival moment of those PDUs, the leftover PSDB is sufficient (e.g. >= a PDB). If some PDUs within the PDU Set arrives late, i.e. at the arrival moment of those PDUs, the leftover PSDB is less than a PDB, PDB is applied to those per late PDU as legacy.
· Within a PDU Set, for DL, the PSDB starts from the moment that the first PDU arrives at UPF to the moment when the Nth PDU is transmitted to UE. Similarly, for UL, the PSDB start from the moment that the first PDU arrives UE and waits for scheduling to the moment when Nth PDU of the PDU Set is delivered by the UPF to the N6. The Nth PDU is the last arrived PDU at whose the arrival moment, the leftover PSDB is longer than a PDB.
-	PDU Set Error Rate (PSER). 
· [bookmark: _Hlk111661410]The PDU Set Error Rate defines an upper bound for the rate of error PDU Sets. 
· A PDU Set is considered as error in case all or partial PDUs of the PDU Set are not successfully delivered. 
· all PDUs are needed for the usage of PDU Set by application layer, with this indication, the PDU Set is considered as error when partial PDU(s) in transmission failure or lost.
· the first packet is needed for the usage of PDU Set by application layer, with this indication, the PDU Set is considered as error when the first packet is transmission failure or lost. 
NOTE: The other PDU Set error cases depends on the consensus of the other PDU Set content integrity handing.

2. PDU Set identification and marking is supported over the user plane. the UPF identifies the PDUs belong to a PDU Set, detects the information used for intra/inter-PDU Set handling and the marks the information for intra-PDU Set handling in PDU GTP-U header for each PDU Set.
· When the service data flow is not encrypted, the following mechanisms between AS and UPF are applied for PDU Set identification: 
· If it is transmitted by RTP protocol, by matching RTP header and payload;
· If it is transmitted by SRTP protocol, by matching SRTP header;
3. PDU Set identification and PDU Set QoS can be negotiated over Control Plane (via NEF for non-trusted AF), or based on pre-configuration. The AF can request the following information for PDU Set handling:
[bookmark: _Hlk111025434]-	Whether all PDUs are needed for the usage of PDU Set by application layer
-  Whether the first packet of the PDU Set is needed for the usage of PDU Set by application layer
-	PDU Set Delay Budget
-	PDU Set Error Rate
-	PDU Set importance
-	PDU Set dropping due to delivery failure of dependent PDU Sets
-	Burst periodicity
NOTE:	Whether and how to support the PDU Set handling for Uplink will be studied and led by RAN WG.  SA2 will align with RAN’s progress and decision for Uplink, if any.

* End of changes *
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