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Abstract of the contribution: This contribution updates Solution 25 to introduce the concept of Nominal PDU Set Delivery Budget.
1.
Discussion
There could be applications which need to generate and exchange periodic traffic, but which may suffer from variable transmission delays. Such variable delays could be due, e.g., to delayed ACKs in the UL direction prior to a subsequent DL transmission, AS server internal delays, etc. This implies, for example for DL, that the traffic arriving at the UPF is not perfectly periodic. At the same time, the receiving side (the UE) still needs to receive the PDU set by a periodic specific time (i.e., Delivery Deadline) that should be independent of the time of transmission at the application layer. Because of that PDU sets arriving at the device are typically held in a playout buffer until it is the time to be consumed for the periodic display.
In this case, it is beneficial for the AF to negotiate with the 5GS the Nominal PDU Set Delay Budget (NPSDB) instead of the (regular) PSDB. The NPSDB, combined with the PDU Set Nominal Arrival Time, indicates the absolute delivery deadline by which a PDU Set needs to be delivered, irrespective of whether the PDU Set is received at the UPF a few milliseconds earlier or later than the nominal arrival time. 
The usage of the Nominal Arrival Time combined with the Nominal PSDB enables 
-
the application to have a more flexible generation of PDU Sets that can be not-perfectly periodic while still guaranteeing that the receiver receives a perfectly periodic traffic, and,

-
a more relaxed usage of radio resources in the RAN scheduler since the NPSDB can typically be set to a larger value than the PSDB. 
Figure 1-1 depicts how the PS Nominal Arrival Time, the actual PS arrival time, the PSDB and the NPSDB relate to each other.
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Figure 1-1: PS Nominal Arrival Time and Nominal PDU Set Delay Budget (NPSDB)
Figure 1-1 depicts three examples in which the NPSDB is used instead of the PSDB. The baseline assumption is that by using the NPSDB we can relax the delay budget requirements in the 5GS and allow a more efficient handling of the resource usage in the RAN scheduler. For example, in Figure 1-1, the NPSDB is equal to PSBD plus ‘Y ms’, where ‘Y ms’ is the maximum delay from the AS that the 5GS is willing to accept. More in detail:
-
On the left side of the figure, in case of PDU Set 1 (PS1), the actual arrival time and the nominal arrival time at the UPF coincide. Notice that since NPSDB > PSDB the PDU set can be delivered to the UE with extra budget before the associated delivery deadline.
-
On the center of the figure, PDU Set 2 (PS2) arrives at the UPF a few milliseconds earlier than expected. In that case, the extra budget increases by the time the PDU set arrives early, and the PDU Set can be delivered to the UE even after the PSDB expired, as long as it is delivered before the absolute delivery time (i.e., within the NPSDB).

-
Lastly, PDU Set 3 (PS3) arrives at the UPF a few milliseconds later than expected. In that case, it is important the PDU Set is delivered to the UE within the NPSDB applied to the nominal arrival time. If the PDU Set was delivered to the UE later than the NPSDB, then the application would need to discard it. 
For simplicity, it is assumed that the nominal arrival time of periodic traffic is known at the 5GS and does not have to be signaling. As a result, the NPSDB provides more delay budgets to the RAN only except the least arriving PDU Sets (PS3), and improves the system capacity without degrading the application processing. Moreover, the NPSDB can also help the RAN to relax the DRX parameters (i.e., DRX Offset, DRX On-duration), and also improves the power consumption of UEs.
Following the above, it is proposed to

Proposal: add the Nominal PDU Set Delay Budget to the list of QoS Characteristics specific for PDU Set capable QoS flows.

2.
Text proposal
It is proposed to agree the following changes vs. TS 23.700-60:
>>>>BEGINNING OF CHANGES<<<<
6.25
Solution #25: PDU Set QoS Profile, QoS Flow parameters and QoS Characteristics

6.25.1
Key Issue mapping

This solution addresses KI#4 and KI#5 and introduces a QoS framework for PDU Sets (PS) which is based on the definition of a new type of QoS Profile, on new QoS Flow parameters and new QoS Characteristics. This new QoS framework is proposed as an addition to the existing QoS framework for PDUs and it meant to work in parallel to it.

6.25.2
Description

6.25.2.1
Overall framework

Figure 6.25.2-1 describes the overall QoS Framework for supporting PDU Sets with an emphasis on the pieces of information that need to be exchanged over the control plane interfaces and on the roles of the related network entities. The user plane related aspects are described in Solution 20 in clause 6.20.
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Figure 6.25.2.1-1: PDU Set based QoS framework: CP signalling aspects

The roles of the different network functions and UE remains essentially the same as in the case of the traditional (per-PDU) QoS framework. The main changes are:

-
Extension of the QoS related information exchanged between AF, CN, RAN and UE to indicate the per-PDU Set QoS requirements provided by the AF the associated QoS parameters.

-
Negotiation between the AF and 5GS about the capability to support the per-PDU Set QoS framework.

NOTE:
The negotiation between AF and 5GS may provide also PDU Set identification information helpful to identify PDU Sets in the 5GS. Such details are described in solution Y.

The new per-PDU Set QoS framework needs:

-
A new type of QoS Profile specifically defined to describe QoS Flows that support a per-PDU Set traffic delivery.

-
A new set of QoS Characteristics associated to the 5QI describing a PDU Set capable QoS Flow.

6.25.2.2
New type of QoS Profile

The new type of QoS Profile specifically defined to support a PDU Set (PS) based QoS framework includes:

-
PDU Set 5QI (PS5QI). The PS5QI is needed to describe the QoS characteristics associated with the QoS flow supporting the transport of PDU Sets.

6.25.2.3
New per-PDU Set QoS characteristics

For each PS5QI value indicating a QoS Flow supporting the transport of PDU Sets, the following QoS characteristics derived from the per-PDU QoS framework but applied to PDU Sets are indicated.

Resource type.

In the same way as for the PDU based QoS framework, this parameter indicates if the resources of Non-Guaranteed Bit Rate (Non-GBR), GBR or Delay-Critical GBR (see clause 5.7.3.2 of TS 23.501 [2]).

Default Priority level.

The priority level used to prioritize QoS Flows when scheduling resources. The usage of this parameter is the same as for the case of PDU based QoS framework (see clause 5.7.3.3 of TS 23.501 [2]).

PDU Set Delay Budget (PSDB).

The PDU Set Delay Budget (PSDB) defines an upper bound for the time that a PS may be delayed between the UE and the N6 termination point at the UPF before being considered as not successfully delivered.

The PSDB applies to the DL PDU Sets received by the UPF over the N6 interface and represents the difference between the time when the last bit of the last PDU of the PDU Set is injected into the UPF and the time when the last bit of the last PDU of the PDU Set is delivered to the UE. For UL, it applies to the UL PDU Sets sent by the UE and represents the difference between the time when the last bit of the last PDU of the PDU Set is sent by the UE and the time when the last bit of the last PDU of the PDU Set is delivered to the UPF.
NOTE 1:
This implies that the time by which all PDUs in the PDU set have to be received by the UE (for DL) and by the UPF (for UL) is determined when the last PDU of the PDU set is received at the RAN.
The 5G Access Network Packet Delay Budget (5G-AN PSDB) is determined by subtracting a static value for the Core Network Packet Delay Budget (CN PSDB).

The PSDB is used to support the configuration of scheduling and link layer functions (e.g., the setting of scheduling priority weights and HARQ target operating points).
NOTE 2:
If a RAN node supports per PDU Set QoS Characteristics and it receives the PSDB, then the (per packet) PDB is ignored.

Nominal PDU Set Delay Budget (NPSDB).
In case of periodic DL traffic, the Nominal Arrival Time represents the time at which each DL PDU Set of the QoS Flow is supposed to be received at the UPF, whereas the (actual) arrival time is the time when each DL PDU Set is received at the UPF. In this case, the Nominal PDU Set Delay Budget (NPSDB) is the same concept of the PDSB but applied to the Nominal Arrival Time of PDU Set.  Figure 6.25.2.3-1 shows the relationship between Nominal and actual arrival time and between PSDB and Nominal PSDB. 
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Figure 6.25.2.3-1: PS Nominal Arrival Time and Nominal PDU Set Delay Budget (NPSDB)
NOTE 3:
It is assumed that the Nominal Arrival Time of PDU Sets for a periodic DL traffic is known at the 5GS and does not need to be signaled.

NOTE 4:
The NPSDB and the PSDB are used in a mutually exclusive way, i.e., if the NPSDB is used for a QoS Flow, then the PSDB is not used, and vice-versa. 
PDU Set Error Rate (PSER).

The PDU Set error rate is an upper bound for the ratio between the number of PDU Sets not successfully received and the total number of PDU Sets sent towards a recipient measured over a measurement window.
The PSER can be used by the communication system to set rate adaptation target, number of HARQ retransmission, RLC parameters based on PSER rather than on PER.

NOTE 5:
PDU Sets with different PSER values are mapped onto different QoS Flows. The details of how to map PDU Sets with different QoS characteristics values to different QoS Flows is described in clause 6.20.1

Averaging Window
This applies only to QoS flows of GBR and Delay-Critical GBR type and, as for the PDU based QoS framework, it is used to calculate the GFBR and MFBR values associated with the QoS flow (see clause 5.7.3.6 of TS 23.501 [2]).

In addition to the QoS characteristics derived from the per-PDU QoS framework, these additional QoS characteristics applicable only to PDU Sets are indicated for each PS5QI:

PDU Set Maximum Size (PSMS) expressed in bytes.
The PSMS indicates to the RAN scheduler an upper bound on how many bytes can be scheduled within a certain delay budget:

PDU Set Discard Time (PSDT).

The PDU Set Discard Time is an upper bound for the time that a PS has been waiting for transmission at the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) before being discarded.

The PSDT applies to the DL PDU Set received by the UPF over the N6 interface, and to the UL PDU Set sent by the UE.

In the case of 3GPP access, the PSDT is used to support the configuration of scheduling and link layer functions (e.g. the setting of scheduling priority weights and HARQ target operating points).

The PS is retained in queue beyond PSDB, up to PSDT: the application considers the PS as not useful if received beyond the discard time. For example, there can be XR type traffic for which the PS is useful for decoding subsequent PDU sets even if they are not available within the associated PSDB for display.

PDU Set Content Criterion (PSCC) and PDU Set Content Ratio (PSCR).

Since, as reported in the definition of`` PDU Set in clause 3.2, "In some cases, the application layer can still recover parts of the information unit, when some PDUs [of the PDU Set] are missing.", it is necessary to provide to the scheduler when needed an indication of the criterion associated to the PDU Set.

The PDU Set content criterion (PSCP) refers to criteria based on which a recipient can determine whether the PS can be considered successfully delivered or not. The PSCP allows to specify the relative importance of bits/PDUs within a PS and its purpose is to enable an appropriate link layer protocol configurations and functions (e.g. Scheduling, RLC and HARQ in RAN of a 3GPP access). A minimal set of PSCPs is shown in Table 6.25.2.3-1 below.

Table 6.25.2.3-1: Minimal set of PDU Set Content criteria

	PDU Set Content Criteria
	Description

	PS is useful to the receiver only if all bits are delivered correctly.
	This is the case when each frame "slice" is a PDU Set and no error is tolerated.

	PS is useful to the receiver only up to the first bit in error.
	This is in case the encoder and the decoder are set to a mode where all bits/PDUs up to the first error are useful.

	PS is useful to the receiver only if X% of the bits of the PS are delivered correctly. X is the PDU Set Content Ratio (PSCR).
	This is the case when application Forward Error Correction (FEC) is applied to an PDU Set and X% error can be tolerated.


6.25.3
Procedures

Extension of clause 4.15.6.6 of TS 23.502 [3] (Setting up an AF session with required QoS procedure) to:

-
Negotiate capability support of 5GS.

-
Negotiate mechanisms to identify traffic flows that need to be mapped to PDU Set based QoS flows.

-
Negotiate mechanism to identify/mark PDU Sets.
NOTE:
The details of such negotiation are described in Solution X in clause 6.X (Negotiation of details of marking mechanisms for AS to UPF communication).

-
Negotiate per PDU Set QoS Requirements.


Extension of clauses 4.3.2.2.1 (PDU Session establishment) and 4.3.3.2-1 (PDU Session modification) TS 23.502 [3] to include:

-
Provision of PCC rules to select PDU Set capable UPF.

-
Send PDU Set detection rules to UPF.

-
Send new QoS profiles to RAN.

-
Send PDU Set aware UL filters to UE.


6.25.4
Impacts on services, entities and interfaces
AF:

-
Negotiate capability support of 5GS.

-
Negotiate mechanisms to identify traffic flows that need to be mapped to PDU Set based QoS flows.

-
Negotiate mechanism to identify/mark PDU Sets.

-
Negotiate per PDU Set QoS Requirements.

PCF:

-
create PCC policies for PDU Set based QoS

SMF:

-
send PDU Set detection rules to UPF.

-
send new QoS profiles to RAN.

-
send PDU Set aware UL filters to UE.

UPF:

RAN:

-
Receive from SMF new PDU Set capable QoS profiles.

-
Use per PDU Set QoS profile information to allocate radio resources.

UE:

-
Receive PDU Set aware UL filters from SMF.

>>>>END OF CHANGES<<<<
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