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1	Discussion
Several solutions have been captured in TR 23.700-60 to address Key Issues #4 and #5 addressing the support for PDU Set integrated packet handling and Differentiated PDU Set Handling, respectively.
This contribution proposes to agree on a set of principles that will help moving forward in the normative phase of this work. The PDU Set handling should work based on the following three pillars:
-	QoS Flow setup to support the efficient transport of PDU Sets,
-	PDU Set awareness in 5GS UP, and
-	PDU Set identification and detection between AS and UPF.
1.1	QoS Flows setup to support transport of PDU Sets
The setup of the QoS Flows in the 5GS to support the transport of PDU Set is needed to allocate resources in the NG-RAN of the 5GS and perform admission control accordingly so that the PDU Sets can be later be efficiently transferred between UE and UPF. The following aspects constitute the setup of QoS Flows:
-	relationship between QoS Flow and combinations of PDU Set QoS characteristics values,
-	traffic classification,
-	QoS characteristics needed to describe a PDU Set capable QoS Flow.
1.1.1	Relationship between QoS Flow and combination(s) of QoS characteristics values.
The relationship between QoS Flow and combinations of QoS characteristic values can be 1-to-1 or 1-to-many. Examples of the former approach are Solution 25 and Solution 52. On the contrary, as some examples, Solutions 14, 56 and 17 enable a single QoS Flow to transport PDU Sets with different combinations of QoS characteristics values. This latter approach would require different QoS handlings (one for each combination of QoS characteristics values) within the single QoS Flow and would make the logic in the RAN node more complex. In order to keep the design of the integrated PDU Set QoS handling framework simple and as much as possible similar to the existing one for PDU QoS handling, it is proposed:
Proposal 1: A PDU Set capable QoS Flow shall transport only PDU Sets that have the same combinations of QoS characteristics values. 
1.1.2	Traffic classification
The current traffic classification in the 5GS is based on the assumption that a given QoS Flow is associated to a one or more (source IP address, source port number, destination IP address, destination port number, transport protocol) 5-tuples: by analyzing the 5-tuple(s), the packet filter in the UPF identifies to which QoS Flow a certain PDU belongs. Some solutions in TR 23.700-60 propose to allow using the same 5-tuple for more than one QoS Flow. While keeping the association between QoS Flow and 5-tuple 1-to-M would require more 5-tuples, the alternative approach would require new, PDU Set specific, packet filters which would bring complexity into the system. Similarly to Proposal 1, in order to keep the system simple and as much as possible to the existing Release 17 mechanisms, it is proposed that:
Proposal 2: The PDU Set based traffic classification shall assume that, at a given time, one QoS Flow is associated to at least one 5-tuple.
NOTE:	It is up to SA4 to investigate if other standards means for the application to indicate different flows beyond 5-tuple can be added.
1.1.3	QoS characteristics needed to describe a QoS Flow
Different solutions in TR 23.700-60 proposed different sets of QoS characteristics to be provided to the RAN at QoS Flow establishment. The authors of this paper believe that the following subset of QoS characteristics proposed in clause 6.25.2.3 of the TR represents a minimum set of essential QoS characteristics that needs to be provided to the NG-RAN:
1.	PDU Set Delay Budget, which 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.
2.	PDU Set Error Rate, which represents 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.
3.	PDU Set Maximum Size (expressed in bits).
NOTE:	While TR 23.700-60 clause 6.25.2.3 proposes a maximum size expressed in bytes, the reply LS R1-2205531 from RAN1 indicates that a size expressed in bits or in number of PDUs are preferred. The size expressed in bits is more precise than the one expressed in number of PDUs.
4.	Default Content Criteria and related Default Content Ratio. These two parameters indicate the condition under which a the PDU Sets of the QoS Flow are considered successfully delivered. In order to consider a PDU Set successfully delivered, all or only a percentage of its bits need to be delivered. The PDU Set Content Criteria can also indicate if the PDU Set can be considered partially delivered up to the first encountered error. These parameters are needed to address the different scenarios described by SA4 in their reply LS S2-2203658/S4-220505
5.	Default priority level, which is used to prioritize QoS Flows at the moment of resource scheduling.
Proposal 3: PDU Set Delay Budget, PDU Set Error Rate, PDU Set Maximum Size (expressed in bits), default PDU Set Content Criteria with the associated PDU Set Content Ratio and Default priority level shall be selected as the minimum set of QoS Characteristics provided to the NG-RAN to describe a QoS Flow.
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 (PPSDB) is the same concept of the PDSB but applied to the Nominal Arrival Time of PDU Set.  
NOTE 1:	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 2:	The NPSDB and the PSDB are used in a mutually exclusive way. 
Proposal 4: Nominal PDU Set Delay Budget shall be an optional part of the QoS Characteristics provided to the NG-RAN for periodic traffic
1.2	PDU Set awareness in 5GS UP
In addition to setting up QoS Flows to properly allocate resources in the NG-RAN, it is essential to define mechanisms to identify PDU Sets when they reach the NG-RAN. This aspect can be decomposed in the following ones:
-	Information provided over UP to identify and handle a PDU Set,
-	Provision in DL of PDU Set information,
-	Support for UL traffic.
1.2.1	Information provided over UP to identify and handle a PDU Set at RAN
In order to identify a PDU Set at the NG-RAN the following set of information is essential:
-	PDU Set Identifier. This is used to understand to which specific PDU Set a certain PDU belongs. It is assumed for simplicity that a PDU Set cannot belong to multiple PDU Sets.
-	PDU Sequence Number within the PDU Set. This is used to understand where a PDU is placed within the PDU Set indicated by the previous parameter. This parameter is also used to detect the first PDU, and in combination with the PDU Set size, the last PDU of the PDU Set. 
NOTE 1: 	As explained in LS R1-2205531, RAN1 identified PDU set identity and relationship information among PDUs within the same PDU set as useful pieces of information for the gNB can use this information for early PDU dropping. These two parameters translate into the above mentioned PDU Set Sequence Number and PDU Sequence Number within the PDU Set.
-	PDU Set Size (expressed in bits). This parameter is used by the RAN to determine the actual size of the PDU Set (which will necessarily need to be smaller than the maximum PDU Set size indicated at QoS Flow establishment). This is in line with the preference indicated by RAN1 in R1-2205531.
Proposal 5: PDU Set Identifier, PDU Sequence Number within the PDU Set and PDU Set Size expressed in bits shall be the minimum set of information provided by the UPF to the NG-RAN together with UP data.
1.2.2	Provision in DL of PDU Set information 
The large majority of solutions for Key Issues #4 and #5 captured in TR 23.700-60 is based on the assumption of providing DL PDU Set parameters to the RAN by means of GTP-U header extension. The following principles are proposed for the normative phase:
Proposal 6: the PDU Set related parameters described in clause 1.2.1 shall be provided to the NG-RAN in DL by means of GTP-U header extension.
[bookmark: _Hlk110935591]Proposal 7: the provision of PDU Set related parameters to the NG-RAN in DL shall be independent of the DL detection mechanism. 
1.3	PDU Set identification and detection between AS and UPF
1.3.1	Entity performing detection and marking of DL PDU Sets sent to NG-RAN
Several solutions for KI#4 and KI#5 of TR 23.700-60 are based on the assumption that the UPF detects and marks the DL PDU Sets sent to the NG-RAN. The authors of this contribution believe that such principle should be captured as baseline of the normative work.
Proposal 8: The detection and marking of the DL PDU Sets sent to the NG-RAN shall be done by the UPF.
1.3.2	Identification of DL PDU Sets on AS-UPF leg
TR 23.700-60 describes different options for identifying the DL PDU Sets by the Application Server:
Option 1. Use available fields in the header described in existing IETF RFCs and drafts of the RTP/SRTP protocol;
Option 2. Define/extend N6 protocols to carry related info
Option 2.1. Extend GTP-U protocol to establish a GTP-tunnel between UPF and AS.
Option 2.2. Extend HTTP header to establish a MASQUE tunnel as HTTP datagrams between UPF and AS.
Option 2.3. Extend the AS-UE communication RTP header for enabling the UPF to better detect PDU Sets
Option 3. Unspecified, i.e., how the PDU Set information is identified is based, e.g., on the UPF implementation.Options 1, 2.2 and 2.3 are not under the SA2’s responsibility because they deal with details of application layer (network) protocols. On the contrary, these options should be checked and possibly confirmed by SA4 and SA4 should decide whether some collaboration with IETF is needed or not. 
Option 2.1 is under SA2’s responsibility, but the authors of this paper believe it should not be pursued.
Option 3 does not require any specific standard changes, but it should be informatively mentioned as a guidance for implementations that do not necessarily need to implement AS-UPF PDU Set marking.
Given the number of options and sub-options available to identify and mark DL PDU Sets between the AS and the UPF, it SA4 seem the best group to select and define the most appropriate marking mechanism(s) of Option 1 and Option 2. Therefore, it is proposed the following: 
Proposal 9: SA2 to agree Options 1 and 2.2 as basis for the normative work. An LS needs to be sent to SA4 to inform them about these PDU Set identification Options and trigger their study and normative work on this aspect.
Proposal 10: SA2 agree to capture Option 3 as implementation solution with no normative impacts.
2	Summary and text Proposal
This contribution briefly analysed some solutions to address KI#4 and KI#5 and proposed the following:
Proposal 1: A PDU Set capable QoS Flow shall transport only PDU Sets that have the same combinations of QoS characteristics values. 
Proposal 2: The PDU Set based traffic classification shall assume that, at a given time, one QoS Flow is associated to at least one 5-tuple.
Proposal 3: PDU Set Delay Budget, PDU Set Error Rate, PDU Set Maximum Size (expressed in bits), default PDU Set Content Criteria with the associated PDU Set Content Ratio and Default priority level shall be selected as the minimum set of QoS Characteristics provided to the NG-RAN to describe a QoS Flow.
Proposal 4: Nominal PDU Set Delay Budget shall be an optional part of the QoS Characteristics provided to the NG-RAN for periodic traffic
Proposal 5: PDU Set Identifier, PDU Sequence Number within the PDU Set and PDU Set Size expressed in bits shall be the minimum set of information provided by the UPF to the NG-RAN together with UP data.
Proposal 6: the PDU Set related parameters described in clause 1.2.1 shall be provided to the NG-RAN in DL by means of GTP-U header extension.
Proposal 7: the provision of PDU Set related parameters to the NG-RAN in DL shall be independent of the DL detection mechanism. 
Proposal 8: The detection and marking of the DL PDU Sets sent to the NG-RAN shall be done by the UPF.
Proposal 9: SA2 to agree Options 1 and 2.3 as basis for the normative work. An LS needs to be sent to SA4 to inform them about these PDU Set identification Options and trigger their study and normative work on this aspect.
Proposal 10: SA2 agree to capture Option 3 as implementation solution with no normative impacts.
As a consequence, it is proposed to agree the LS out to RAN1 and RAN2 in S2-2206882, the LS out to SA4 in S2-2206883, and the following changes vs. TR 23.700-60.
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<
[bookmark: _Toc97526931][bookmark: _Toc101526315][bookmark: _Toc104883169][bookmark: _Hlk108096617]8	Conclusions
8.x	Conclusions for Key Issues #4 and #5
[bookmark: _Hlk109657338][bookmark: _Hlk115363364]The following principles are agreed as baseline for normative work:
1.	QoS Flows setup to support transport of PDU Sets
a.	A PDU Set capable QoS Flow shall transport only one type of PDU Sets that have the same combinations of QoS characteristics values.
b.	The PDU Set based DL traffic classification shall assume that, at a given time, one QoS Flow is associated to at least one 5-tuple (as per-Release 17).
c.	The minimum set of QoS characteristics needed to describe a PDU Set capable QoS flow consists of the following QoS characteristics: 
-	PDU Set Delay Budget (PSDB). 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 first 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.
NOTE 1:	The PDSB definition assumes a limited time difference between the arrival at the UPF of first and of the last PDU of the PDU set. Such assumptions need to be captured in the normative phase. 
-	PDU Set Error Rate (PSER). The PSER 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.
-	PDU Set Maximum Size (PSMS) expressed in bits, which indicates to the RAN scheduler an upper bound on how many bits can be scheduled within a certain delay budget.
-	Default Content Criterion (DCC) and Default Content Ratio (DCR). The DCC represents the criterion for the QoS Flow based on which a recipient can determine whether the PDU Sets of a QoS flow can be considered successfully delivered or not. Examples of DCC are: PDU Set successfully received if all its bits have been successfully received; PDU Set successfully received if X% of its bits have been successfully received (in that case the Default Content Ratio (DCR) will be set to X%); PDU Set partially received up to the first error bit.
-	Default priority level. The priority level is 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]).
d.	In case of periodic traffic, the following parameter as defined in clause 6.25.2.3 is an optional part of the QoS Characteristics of a PDU Set capable QoS flow:
-	Nominal PDU Set Delay Budget (NPSDB). 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. The Nominal PDU Set Delay Budget (NPSDB) is the same concept of the PSDB but applied to the Nominal Arrival Time of PDU Set.  
NOTE 2:	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 3: 	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.
2.	PDU Set awareness in 5GS UP for DL PDU Sets
-	PDU Set Identifier, PDU Sequence Number within the PDU Set, PDU Set Size expressed in bits, shall be the minimum set of information provided by the UPF to the NG-RAN via GTP-U header.
-	The provision of PDU Set related parameters to the NG-RAN shall be independent of the DL detection mechanism between AS and UPF (see bullet 3 below).
3. PDU Set identification and detection between AS and UPF
-	The detection and marking of the DL PDU Sets sent to the NG-RAN shall be done by the UPF.
-	The identification and marking of DL PDU Sets between AS and UPF is based on the usage of existing RTP/SRTP headers or on the extension of RTP/SRTP/HTTP headers. It is up to SA4 to decide and define which mechanism(s) among the ones identified by SA2 are to be used as a basis for normative work.  
NOTE 4:	In certain cases, implementation specific solutions can be used by the UPF to detect the DL PDU Sets. In that case, no DL PDU Set marking by the AS is necessary.
>>>>END OF CHANGES<<<<
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