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Foreword
This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: _CR1][bookmark: _Toc534727706][bookmark: _Toc36555181][bookmark: _Toc45882550][bookmark: _Toc51762859][bookmark: _Toc64446339][bookmark: _Toc88652258][bookmark: _Toc209692457]
1	Scope
The present document specifies the PDU Session user plane protocol being used over the NG-U, Xn-U and N9 interfaces. Applicability to other interfaces is not precluded.
The present document also specifies the PDU Set Information user plane protocol being used over the NG-U, Xn-U, F1-U and N9 interfaces. Applicability to other interfaces is not precluded.
[bookmark: _CR2][bookmark: _Toc534727707][bookmark: _Toc36555182][bookmark: _Toc45882551][bookmark: _Toc51762860][bookmark: _Toc64446340][bookmark: _Toc88652259][bookmark: _Toc209692458]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.300: "NextGen Radio Access Network (NG-RAN); Overall description; Stage 2".
[3]	3GPP TS 29.281: "General Packet Radio System (GPRS) Tunnelling Protocol User Plane (GTPv1-U)".
[4]	3GPP TS 37.324: "E-UTRA and NR; Service Data Application Protocol (SDAP) specification".
[5]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[6]	IETF RFC 5905 (2010-06): "Network Time Protocol Version 4: Protocol and Algorithms Specification".
[7]	3GPP TS 38.413: "NG-RAN; NG Application Protocol (NGAP)".
[8]	3GPP TS 38.470: "NG-RAN; F1 general aspects and principles".
[9]	3GPP TS 38.401: "NG-RAN; Architecture Description".
[bookmark: _CR3][bookmark: _Toc534727708][bookmark: _Toc36555183][bookmark: _Toc45882552][bookmark: _Toc51762861][bookmark: _Toc64446341][bookmark: _Toc88652260][bookmark: _Toc209692459]3	Definitions and abbreviations
[bookmark: _CR3_1][bookmark: _Toc534727709][bookmark: _Toc36555184][bookmark: _Toc45882553][bookmark: _Toc51762862][bookmark: _Toc64446342][bookmark: _Toc88652261][bookmark: _Toc209692460]3.1	Definitions
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
gNB-CU:  as defined in TS 38.401 [9].
gNB-DU:  as defined in TS 38.401 [9].
Multicast Broadcast User Plane Function: as defined in TS 23.501 [5].
NG-U:  as defined in TS 38.300 [2].
Xn-U: logical interface between NG-RAN nodes as defined in TS 38.300 [2].
Data Burst: as defined in TS 23.501 [5].
PDU Set: as defined in TS 23.501 [5].
F1-U: logical interface between gNB-CU and gNB-DU as defined in TS 38.470 [8].
[bookmark: _CR3_2][bookmark: _Toc534727710][bookmark: _Toc36555185][bookmark: _Toc45882554][bookmark: _Toc51762863][bookmark: _Toc64446343][bookmark: _Toc88652262][bookmark: _Toc209692461]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
BSSize	Burst Size
DL	Downlink
ECN	Explicit Congestion Notification
MBS	Multicast Broadcast Service
MB-UPF	Multicast Broadcast User Plane Function
PDCP	Packet Data Convergence Protocol
PPI	Paging Policy Indicator
PPP	Paging Policy Presence
QFI	QoS Flow Identifier
RQA	Reflective QoS Attribute
RQI	Reflective QoS Indication	
SN	Sequence Number
UL	Uplink
UP	User Plane
UPF	User Plane Function
EPDU	End PDU of the PDU Set
EDB	End of Data Burst
PSI	PDU Set Importance
PSSN	PDU Set Sequence Number
PSN	PDU Sequence Number within a PDU Set
PSSize	PDU Set Size
RTT	Round Trip Time
[bookmark: _MCCTEMPBM_CRPT70590000___2]TTNB	Time To Next Burst
[bookmark: _CR4][bookmark: _Toc534727711][bookmark: _Toc36555186][bookmark: _Toc45882555][bookmark: _Toc51762864][bookmark: _Toc64446344][bookmark: _Toc88652263][bookmark: _Toc209692462]4	General
[bookmark: _CR4_1][bookmark: _Toc534727712][bookmark: _Toc36555187][bookmark: _Toc45882556][bookmark: _Toc51762865][bookmark: _Toc64446345][bookmark: _Toc88652264][bookmark: _Toc209692463]4.1	General aspects
The PDU Session User Plane protocol and PDU Set Information User Plane protocol are located in the User Plane of the Radio Network Layer above the Transport Network Layer of the interface.
Each PDU session User Plane protocol instance and PDU Set Information User Plane protocol instance are associated to one PDU Session.
In this version of the specification, the PDU Session User Plane protocol data is conveyed by GTP-U protocol means, more specifically, by means of the "PDU Session Container" GTP-U Extension Header as defined in TS 29.281 [3]. 
In this version of the specification, the PDU Set Information User Plane protocol data is conveyed by GTP-U protocol means, more specifically, by means of the "PDU Set Information Container" GTP-U Extension Header as defined in TS 29.281 [3].
[bookmark: _CR5][bookmark: _Toc534727713][bookmark: _Toc36555188][bookmark: _Toc45882557][bookmark: _Toc51762866][bookmark: _Toc64446346][bookmark: _Toc88652265][bookmark: _Toc209692464]5	PDU Session user plane protocol
[bookmark: _CR5_1][bookmark: _Toc534727714][bookmark: _Toc36555189][bookmark: _Toc45882558][bookmark: _Toc51762867][bookmark: _Toc64446347][bookmark: _Toc88652266][bookmark: _Toc209692465]5.1	General
The PDU session UP layer uses the services of the Transport Network Layer in order to send its packets over the interface. 
[bookmark: _CR5_2][bookmark: _Toc534727715][bookmark: _Toc36555190][bookmark: _Toc45882559][bookmark: _Toc51762868][bookmark: _Toc64446348][bookmark: _Toc88652267][bookmark: _Toc209692466]5.2	PDU Session user plane protocol layer services
The following functions are provided by the PDU Session User Plane protocol:
-	Provision of control information elements (e.g. QFI, RQI) associated with a PDU session.
[bookmark: _CR5_3][bookmark: _Toc534727716][bookmark: _Toc36555191][bookmark: _Toc45882560][bookmark: _Toc51762869][bookmark: _Toc64446349][bookmark: _Toc88652268][bookmark: _Toc209692467]5.3	Services expected from the Transport Network Layer
The PDU session UP layer expects the following services from the Transport Network Layer:
-	Transfer of PDU session User Plane PDUs. 
[bookmark: _CR5_4][bookmark: _Toc534727717][bookmark: _Toc36555192][bookmark: _Toc45882561][bookmark: _Toc51762870][bookmark: _Toc64446350][bookmark: _Toc88652269][bookmark: _Toc209692468]5.4	Elementary procedures
[bookmark: _CR5_4_1][bookmark: _Toc534727718][bookmark: _Toc36555193][bookmark: _Toc45882562][bookmark: _Toc51762871][bookmark: _Toc64446351][bookmark: _Toc88652270][bookmark: _Toc209692469]5.4.1	Transfer of DL PDU Session Information 
[bookmark: _CR5_4_1_1][bookmark: _Toc534727719][bookmark: _Toc36555194][bookmark: _Toc45882563][bookmark: _Toc51762872][bookmark: _Toc64446352][bookmark: _Toc88652271][bookmark: _Toc209692470]5.4.1.1	Successful operation
The purpose of the Transfer of the DL PDU Session Information procedure is to send control information elements related to the PDU Session from UPF to NG-RAN. 
In the case of uplink and downlink data forwarding the DL PDU Session Information procedure shall also be used to send control information elements related to the PDU Session from NG-RAN node to UPF, or from UPF to NG-RAN node, or between NG-RAN nodes.
A PDU Session user plane instance making use of the Transfer of DL PDU Session Information procedure is associated to a single PDU Session. The Transfer of DL PDU Session Information procedure may be invoked whenever packets for that particular PDU Session need to be transferred across the related interface instance.
The DL PDU SESSION INFORMATION frame includes a QoS Flow Identifier (QFI) field associated with the transferred packet. The NG-RAN shall use the received QFI to determine the QoS flow and QoS profile which are associated with the received packet. 
The DL PDU SESSION INFORMATION frame shall include the Reflective QoS Indicator (RQI) field to indicate whether user plane Reflective QoS shall be activated or not. The NG-RAN shall, if RQA has been configured for the involved QoS flow as specified in TS 38.413 [7], take the RQI into account as specified in TS 37.324 [4].
The DL PDU SESSION INFORMATION frame may also include a Paging Policy Indicator (PPI) field associated with the transferred packet. The NG-RAN shall use the received PPI to determine the paging policy differentiation which is associated with the received packet as described in TS 23.501 [5].
The DL PDU SESSION INFORMATION frame may also include a QoS Monitoring Packet (QMP) field and a DL Sending Time Stamp field. The NG-RAN shall, if QoS monitoring has been configured for the included QFI field, perform delay measurement and QoS monitoring, as specified in TS 23.501 [5].
The DL PDU SESSION INFORMATION frame may also include a DL QFI Sequence Number field associated with the transferred packet. The NG-RAN shall, if the QoS flow has been configured eligible for redundant transport bearer in TS 38.413 [6], use the received DL QFI Sequence Number field to determine and eliminate duplicated packets for a given QoS flow as specified in TS 23.501 [5].
The DL PDU SESSION INFORMATION frame may also include a DL MBS QFI Sequence Number field associated with the transferred packet. The NG-RAN shall use the received DL MBS QFI Sequence Number field to determine the PDCP count that should be used when transferring the packet over the radio as specified in TS 38.300 [2].
When needed, the NG-RAN shall propagate the DL PDU Session Information to a peer NG-RAN.



[bookmark: _CRFigure5_4_1_11]Figure 5.4.1.1-1: Successful Transfer of DL PDU Session Information
[bookmark: _CR5_4_1_2][bookmark: _Toc534727720][bookmark: _Toc36555195][bookmark: _Toc45882564][bookmark: _Toc51762873][bookmark: _Toc64446353][bookmark: _Toc88652272][bookmark: _Toc209692471]5.4.1.2	Unsuccessful operation
Void.
[bookmark: _CR5_4_2][bookmark: _Toc534727721][bookmark: _Toc36555196][bookmark: _Toc45882565][bookmark: _Toc51762874][bookmark: _Toc64446354][bookmark: _Toc88652273][bookmark: _Toc209692472]5.4.2	Transfer of UL PDU Session Information 
[bookmark: _CR5_4_2_1][bookmark: _Toc534727722][bookmark: _Toc36555197][bookmark: _Toc45882566][bookmark: _Toc51762875][bookmark: _Toc64446355][bookmark: _Toc88652274][bookmark: _Toc209692473]5.4.2.1	Successful operation
The purpose of the Transfer of UL PDU Session Information procedure is to send control information elements related to the PDU Session from NG-RAN to UPF. 
An UL PDU Session user plane instance making use of the Transfer of UL PDU Session Information procedure is associated to a single PDU Session. The Transfer of UL PDU Session Information procedure may be invoked whenever packets for that particular PDU Session need to be transferred across the related interface instance.
The UL PDU SESSION INFORMATION frame includes a QoS Flow Identifier (QFI) field associated with the transferred packet.
If QoS monitoring has been requested for the included QFI field, the UL PDU SESSION INFORMATION frame may include a QoS Monitoring Packet (QMP) field, a DL Sending Time Stamp Repeated field, a DL Receiving Time Stamp field, a UL Sending Time Stamp field, and/or Delay Result for UL or DL. If QoS monitoring with N3/N9 delay reporting has been requested for the included QFI field, the I-UPF may include in the UL PDU SESSION INFORMATION frame a N3/N9 Delay Ind. field, a N3/N9 Delay Result field and delay result for UL and DL if received from the RAN. The UPF shall, if supported, use this information to calculate UL, DL, or RTT delay as specified in TS 23.501 [5].
The UL PDU SESSION INFORMATION frame may also include a UL QFI Sequence Number field associated with the transferred packet. The UPF shall, if the QoS flow has been configured eligible for redundant transport bearer in TS 38.413 [6], use the received UL QFI Sequence Number field to determine and eliminate duplicated packets for a given QoS flow as specified in TS 23.501 [5].
If the ECN Marking or Congestion Information Reporting Status is active for a QoS flow indicated by the QFI field, the UL PDU SESSION INFORMATION frame should include an UL Congestion Information field and/or a DL Congestion Information field. The UPF shall, if supported, use this information to perform ECN marking at UPF or information exposure as specified in TS 23.501 [5].
If the Monitoring Request on Available Bitrate is requested for a QoS flow indicated by the QFI field, the UL PDU SESSION INFORMATION frame may include an UL Available Bitrate field and/or a DL Available Bitrate field. The UPF shall, if supported, use this information to perform available Bitrate exposure as specified in TS 23.501 [5].

[bookmark: _CRFigure5_4_2_11]Figure 5.4.2.1-1: Successful Transfer of UL PDU Session Information
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Void.
[bookmark: _CR5_5][bookmark: _Toc534727724][bookmark: _Toc36555199][bookmark: _Toc45882568][bookmark: _Toc51762877][bookmark: _Toc64446357][bookmark: _Toc88652276][bookmark: _Toc209692475]5.5	Elements for the PDU Session user plane protocol
[bookmark: _CR5_5_1][bookmark: _Toc534727725][bookmark: _Toc36555200][bookmark: _Toc45882569][bookmark: _Toc51762878][bookmark: _Toc64446358][bookmark: _Toc88652277][bookmark: _Toc209692476]5.5.1	General
In the present document the structure of frames is specified by using figures similar to figure 5.5.1-1.
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Figure 5.5.1-1: Example frame format
Unless otherwise indicated, fields which consist of multiple bits within an octet have the most significant bit located at the higher bit position (indicated above frame in figure 5.5.1-1). In addition, if a field spans several octets, most significant bits are located in lower numbered octets (right of frame in figure 5.5.1-1).
On the NG interface, the frame is transmitted starting from the lowest numbered octet. Within each octet, the bits are sent according to decreasing bit position (bit position 7 first).
Spare bits should be set to "0" by the sender and should not be checked by the receiver.
The header part of the frame is always an integer number of octets. The payload part is octet aligned (by adding 'Padding Bits' when needed).
The receiver should be able to remove an additional Future Extension field that may be present. 
See description of Future Extension field in A.1. 
Padding octets may be added at the end of the frame, see Padding in 5.5.3.5.
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This frame format is defined to allow the NG-RAN to receive some control information elements which are associated with the transfer of a packet over the interface.
The following shows the respective DL PDU SESSION INFORMATION frame.
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Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format
[bookmark: _CR5_5_2_2][bookmark: _Toc534727728][bookmark: _Toc36555203][bookmark: _Toc45882572][bookmark: _Toc51762881][bookmark: _Toc64446361][bookmark: _Toc88652280][bookmark: _Toc209692479]5.5.2.2	UL PDU SESSION INFORMATION (PDU Type 1)
This frame format is defined to allow the UPF to receive some control information elements which are associated with the transfer of a packet over the interface.
The following shows the respective UL PDU SESSION INFORMATION frame.
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Figure 5.5.2.2-1: UL PDU SESSION INFORMATION (PDU Type 1) Format
[bookmark: _Toc534727729][bookmark: _Toc36555204][bookmark: _Toc45882573][bookmark: _Toc51762882]The New IE Flag in bit 6 of 2nd octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the first octet of New IE Flags Octet is present or not.
Bit 0 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the D1 UL PDCP Delay Result Ind is present (1) or not (0).
Bit 1 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the UL Congestion Information is present (1) or not (0).
Bit 2 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the DL Congestion Information is present (1) or not (0).
Bit 3 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the UL Available Bitrate is present (1) or not (0).
Bit 4 of New IE Flags Octet in UL PDU SESSION INFORMATION (PDU Type 1) indicates if the DL Available Bitrate is present (1) or not (0).
[bookmark: _CR5_5_3][bookmark: _Toc64446362][bookmark: _Toc88652281][bookmark: _Toc209692480]5.5.3	Coding of information elements in frames
[bookmark: _CR5_5_3_1][bookmark: _Toc534727730][bookmark: _Toc36555205][bookmark: _Toc45882574][bookmark: _Toc51762883][bookmark: _Toc64446363][bookmark: _Toc88652282][bookmark: _Toc209692481]5.5.3.1	PDU Type
Description: The PDU Type indicates the structure of the PDU session UP frame. The field takes the value of the PDU Type it identifies; e.g. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.
Value range: {0= DL PDU SESSION INFORMATION, 1=UL PDU SESSION INFORMATION, 2-15=reserved for future PDU type extensions}.
Field length: 4 bits.
[bookmark: _CR5_5_3_2][bookmark: _Toc534727731][bookmark: _Toc36555206][bookmark: _Toc45882575][bookmark: _Toc51762884][bookmark: _Toc64446364][bookmark: _Toc88652283][bookmark: _Toc209692482]5.5.3.2	Spare
Description: The spare field is set to "0" by the sender and should not be interpreted by the receiver. This field is reserved for later versions.
Value range: (0–2n-1).
Field Length: n bits.
[bookmark: _CR5_5_3_3][bookmark: _Toc534727732][bookmark: _Toc36555207][bookmark: _Toc45882576][bookmark: _Toc51762885][bookmark: _Toc64446365][bookmark: _Toc88652284][bookmark: _Toc209692483]5.5.3.3	QoS Flow Identifier (QFI)
Description: When present this parameter indicates the QoS Flow Identifier of the QoS flow to which the transferred packet belongs.
Value range: {0..26-1}. 
Field length: 6 bits.
[bookmark: _CR5_5_3_4][bookmark: _Toc534727733][bookmark: _Toc36555208][bookmark: _Toc45882577][bookmark: _Toc51762886][bookmark: _Toc64446366][bookmark: _Toc88652285][bookmark: _Toc209692484]5.5.3.4	Reflective QoS Indicator (RQI)
Description: This parameter indicates activation of the reflective QoS towards the UE for the transferred packet as described in clause 5.4.1.1. It is used only in the downlink direction. If RQA (Reflective QoS Attribute) has not been configured for the involved QoS flow, the RQI shall be ignored by the NG-RAN node.
Value range: {0= Reflective QoS activation not triggered, 1= Reflective QoS activation triggered}.
Field length: 1 bit.
[bookmark: _CR5_5_3_5][bookmark: _Toc534727734][bookmark: _Toc36555209][bookmark: _Toc45882578][bookmark: _Toc51762887][bookmark: _Toc64446367][bookmark: _Toc88652286][bookmark: _Toc209692485]5.5.3.5	Padding 
Description: The padding is included at the end of the frame to ensure that the PDU Session user plane protocol PDU length (including padding and the future extension) is (n*4– 2) octets, where n is a positive integer. If there is any future extension, the padding should be added after the future extensions.
Field Length: 0–3 octets.
[bookmark: _CR5_5_3_6][bookmark: _Toc534727735][bookmark: _Toc36555210][bookmark: _Toc45882579][bookmark: _Toc51762888][bookmark: _Toc64446368][bookmark: _Toc88652287][bookmark: _Toc209692486]5.5.3.6	Paging Policy Presence (PPP)
Description: This parameter indicates the presence of the Paging Policy Indicator (PPI).
Value range: {0= Paging Policy Indicator not present, 1= Paging Policy Indicator present}.
Field length: 1 bit.
[bookmark: _CR5_5_3_7][bookmark: _Toc534727736][bookmark: _Toc36555211][bookmark: _Toc45882580][bookmark: _Toc51762889][bookmark: _Toc64446369][bookmark: _Toc88652288][bookmark: _Toc209692487]5.5.3.7	Paging Policy Indicator (PPI)
Description: When present, the Paging Policy Indicator is used for paging policy differentiation (see details in 3GPP TS 23.501 [5]). This field applies to PDU sessions of IP type.
Value range: {0..23-1}. 
Field length: 3 bits.
[bookmark: _CR5_5_3_8][bookmark: _Toc36555212][bookmark: _Toc45882581][bookmark: _Toc51762890][bookmark: _Toc64446370][bookmark: _Toc88652289][bookmark: _Toc209692488]5.5.3.8	QoS Monitoring Packet (QMP)
Description: This parameter indicates that the transferred packet is used for QoS monitoring as described in clause 5.4.1.1 and clause 5.4.2.1. This parameter also indicates the presence of the DL Sending Time Stamp in the DL PDU Session Information frame and the presence of the DL Sending Time Stamp Repeated, the DL Receiving Time Stamp, the UL Sending Time Stamp in the UL PDU Session Information frame. If QoS monitoring has not been configured for the involved QoS flow, the QMP shall be ignored by the NG-RAN node.
Value range: {0= not used for QoS monitoring, 1= used for QoS monitoring}.
Field length: 1 bit. 
[bookmark: _CR5_5_3_9][bookmark: _Toc36555213][bookmark: _Toc45882582][bookmark: _Toc51762891][bookmark: _Toc64446371][bookmark: _Toc88652290][bookmark: _Toc209692489]5.5.3.9	DL Sending Time Stamp
Description: This field indicates the time when the UPF sends the DL PDU Session Information frame with the QMP field set to 1. It is used only in the downlink direction and encoded in the same format as the 64-bit timestamp format as defined in Section 6 of IETF RFC 5905 [6].
Value range: {0..264-1}.
Field length: 8 octets.
[bookmark: _CR5_5_3_10][bookmark: _Toc36555214][bookmark: _Toc45882583][bookmark: _Toc51762892][bookmark: _Toc64446372][bookmark: _Toc88652291][bookmark: _Toc209692490]5.5.3.10	DL Sending Time Stamp Repeated
Description: This field indicates the value of the DL Sending Time Stamp field that the NG-RAN has received in the DL PDU Session Information frame with the QMP field set to 1 for the involved QoS flow. It is used only in the uplink direction and encoded in the same format as the 64-bit timestamp format as defined in Section 6 of IETF RFC 5905 [6]. The UPF shall, if supported, use this information to calculate DL or RTT delay between the NG-RAN and the UPF as specified in TS 23.501 [5].
Value range: {0..264-1}.
Field length: 8 octets.
[bookmark: _CR5_5_3_11][bookmark: _Toc36555215][bookmark: _Toc45882584][bookmark: _Toc51762893][bookmark: _Toc64446373][bookmark: _Toc88652292][bookmark: _Toc209692491]5.5.3.11	DL Received Time Stamp
Description: This field indicates the time when the NG-RAN node receives the DL PDU Session Information frame with the QMP field set to 1 for the involved QoS flow. It is used only in the uplink direction and encoded in the same format as the 64-bit timestamp format as defined in Section 6 of IETF RFC 5905 [6]. The UPF shall, if supported, use this information to calculate DL or RTT delay between the NG-RAN and the UPF as specified in TS 23.501 [5].
Value range: {0..264-1}.
Field length: 8 octets.
[bookmark: _CR5_5_3_12][bookmark: _Toc36555216][bookmark: _Toc45882585][bookmark: _Toc51762894][bookmark: _Toc64446374][bookmark: _Toc88652293][bookmark: _Toc209692492]5.5.3.12	UL Sending Time Stamp
Description: This field indicates the time when the NG-RAN node sends this UL PDU Session Information frame. It is used only in the uplink direction and encoded in the same format as the 64-bit timestamp format as defined in Section 6 of IETF RFC 5905 [6]. The UPF shall, if supported, use this information to calculate UL or RTT delay between the NG-RAN and the UPF as specified in TS 23.501 [5].
Value range: {0..264-1}.
Field length: 8 octets.
[bookmark: _CR5_5_3_13][bookmark: _Toc36555217][bookmark: _Toc45882586][bookmark: _Toc51762895][bookmark: _Toc64446375][bookmark: _Toc88652294][bookmark: _Toc209692493]5.5.3.13	DL Delay Ind.
Description: This parameter indicates the presence of DL Delay Result.
Value range: {0= DL Delay Result not present, 1= DL Delay Result present}.
Field length: 1 bit.
[bookmark: _CR5_5_3_14][bookmark: _Toc36555218][bookmark: _Toc45882587][bookmark: _Toc51762896][bookmark: _Toc64446376][bookmark: _Toc88652295][bookmark: _Toc209692494]5.5.3.14	DL Delay Result
Description: This field indicates the downlink delay measurement result which is the sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU) and the delay over Uu interface in milliseconds for the involved QoS flow. It is used only in the uplink direction and encoded as an Unsigned32 binary integer value. The UPF shall, if supported, use this information to calculate DL or RTT delay as specified in TS 23.501 [5].
Value range: {0..232-1}.
Field length: 4 octets. 
[bookmark: _CR5_5_3_15][bookmark: _Toc36555219][bookmark: _Toc45882588][bookmark: _Toc51762897][bookmark: _Toc64446377][bookmark: _Toc88652296][bookmark: _Toc209692495]5.5.3.15	UL Delay Ind.
Description: This parameter indicates the presence of UL Delay Result.
Value range: {0= UL Delay Result not present, 1= UL Delay Result present}.
Field length: 1 bit.
[bookmark: _CR5_5_3_16][bookmark: _Toc36555220][bookmark: _Toc45882589][bookmark: _Toc51762898][bookmark: _Toc64446378][bookmark: _Toc88652297][bookmark: _Toc209692496]5.5.3.16	UL Delay Result
Description: This field indicates the uplink delay measurement result which is the sum of the delay incurred in NG-RAN (including the delay at gNB-CU-UP, on F1-U and on gNB-DU), the delay over Uu interface and the delay in the UE in milliseconds for the involved QoS flow. It is used only in the uplink direction and encoded as an Unsigned32 binary integer value. The UPF shall, if supported, use this information to calculate UL or RTT delay as specified in TS 23.501 [5].
Value range: {0..232-1}.
Field length: 4 octets.
[bookmark: _CR5_5_3_17][bookmark: _Toc45882590][bookmark: _Toc51762899][bookmark: _Toc64446379][bookmark: _Toc88652298][bookmark: _Toc209692497]5.5.3.17	Sequence Number Presence (SNP)
Description: This parameter indicates the presence of the DL QFI Sequence Number in the DL PDU Session Information frame or the presence of the UL QFI Sequence Number in the UL PDU Session Information frame.
Value range: {0= DL/UL QFI Sequence Number not present, 1= DL/UL QFI Sequence Number present}.
Field length: 1 bit. 
[bookmark: _CR5_5_3_18][bookmark: _Toc45882591][bookmark: _Toc51762900][bookmark: _Toc64446380][bookmark: _Toc88652299][bookmark: _Toc209692498]5.5.3.18	DL QFI Sequence Number
Description: This parameter indicates the sequence number as assigned by the UPF associated with a given QoS Flow.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _CR5_5_3_19][bookmark: _Toc45882592][bookmark: _Toc51762901][bookmark: _Toc64446381][bookmark: _Toc88652300][bookmark: _Toc209692499]5.5.3.19	UL QFI Sequence Number
Description: This parameter indicates the sequence number as assigned by the NG-RAN node associated with a given QoS flow.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _CR5_5_3_20][bookmark: _Toc64446382][bookmark: _Toc88652301][bookmark: _Toc209692500][bookmark: _Toc534727737][bookmark: _Toc36555221][bookmark: _Toc45882593][bookmark: _Toc51762902]5.5.3.20	N3/N9 Delay Ind.
Description: This parameter indicates the presence of N3/N9 Delay Result. 
Value range: {0= N3/N9 Delay Result not present, 1= N3/N9 Delay Result present}.
Field length: 1 bit.
[bookmark: _CR5_5_3_21][bookmark: _Toc64446383][bookmark: _Toc88652302][bookmark: _Toc209692501]5.5.3.21	N3/N9 Delay Result
Description: This field indicates the accumulated N3 and N9 packet delay as specified in [5] and is reported by the I-UPF. The reported value is expressed in milliseconds and encoded as an Unsigned32 binary integer value.
Value range: {0..232-1}.
Field length: 4 octets.
[bookmark: _CR5_5_3_22][bookmark: _Toc13919505][bookmark: _Toc36556091][bookmark: _Toc45833033][bookmark: _Toc51762978][bookmark: _Toc64446384][bookmark: _Toc88652303][bookmark: _Toc209692502]5.5.3.22	D1 UL PDCP Delay Result Ind
Description: This parameter indicates if the UL Delay Result includes or not the D1 measurement (UL PDCP Packet Average Delay). This parameter shall be ignored if the UL Delay Ind is set to “0”.
Value range: {0= D1 UL PDCP Packet Average Delay measurement is not included, 1= D1 UL PDCP Packet Average Delay measurement is included}.
Field length: 1 bit.
[bookmark: _CR5_5_3_23][bookmark: _Toc209692503][bookmark: _Toc64446385][bookmark: _Toc88652304]5.5.3.23	MBS Sequence Number Presence (MSNP)
Description: This parameter indicates the presence of the DL MBS QFI Sequence Number in the DL PDU Session Information frame.
Value range: {0= DL MBS QFI Sequence Number not present, 1= DL MBS QFI Sequence Number present}.
Field length: 1 bit. 
[bookmark: _CR5_5_3_24][bookmark: _Toc209692504]5.5.3.24	DL MBS QFI Sequence Number
Description: This parameter indicates the sequence number as assigned by the MB-UPF associated with a given MBS QoS Flow. 
Value range: {0..232-1}.
Field length: 4 octets.
[bookmark: _CR5_5_3_25][bookmark: _Toc209692505]5.5.3.25	DL Congestion Information
Description: For the case of ECN marking at UPF request, this field indicates the percentage of DL IP packets up to two decimal points that should be ECN marked for a QoS flow.
For the case of congestion information request, this field should be interpreted as a percentage of congestion level in DL up to two decimal points for a QoS flow. 
As an example, value 9574 corresponds to a percentage of 95.74%.
Value range: {0..10000}.
Field length: 2 octets.
[bookmark: _CR5_5_3_26][bookmark: _Toc209692506]5.5.3.26	UL Congestion Information
Description: For the case of ECN marking at UPF request, this field indicates the percentage of UL IP packets up to two decimal points that should be ECN marked for a QoS flow.
For the case of congestion information request, this field should be interpreted as a percentage of congestion level in UL up to two decimal points for a QoS Flow. 
As an example, value 9574 corresponds to a percentage of 95.74%
Value range: {0..10000}.
Field length: 2 octets.
[bookmark: _Toc209692507]5.5.3.27	UL Available Bitrate Information
Description: This parameter indicates the UL available Bitrate of the QoS flow. The unit is kbps.
Value range: {0..4,000,000,000}.
Field length: 4 octets.
[bookmark: _Toc209692508]5.5.3.28	DL Available Bitrate Information
Description: This parameter indicates the DL available Bitrate of the QoS flow. The unit is kbps.
Value range: {0..4,000,000,000}.
Field length: 4 octets.
[bookmark: _Toc209692509]5.5.3.29	BSSI (Burst Size Indicator)
Description: This parameter indicates the presence of Burst Size (BSSize).
Value range: {0= BSSize not present, 1= BSSize present}.
Field length: 1 bit.
[bookmark: _Toc209692510]5.5.3.30	Burst Size (BSSize)
Description: This parameter indicates the total size of the burst.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc209692511]5.5.3.31	TTNBI (TTNB Indicator)
Description: This parameter indicates the presence of Time To Next Burst (TTNB).
Value range: {0= TTNB not present, 1= TTNB present}.
Field length: 1 bit.
[bookmark: _Toc209692512]5.5.3.32	Time To Next Burst (TTNB)
Description: This parameter indicates the approximate time in tenth of milliseconds to the next burst.
Value range: {0..216-1}.
Field length: 2 octets.
[bookmark: _CR5_5_4][bookmark: _Toc209692513]5.5.4	Timers
Void.
[bookmark: _CR5_6][bookmark: _Toc534727738][bookmark: _Toc36555222][bookmark: _Toc45882594][bookmark: _Toc51762903][bookmark: _Toc64446386][bookmark: _Toc88652305][bookmark: _Toc209692514]5.6	Handling of unknown, unforeseen and erroneous protocol data
Void. 
[bookmark: _CR6][bookmark: _Toc209692515]6	PDU Set Information user plane protocol
[bookmark: _CR6_1][bookmark: _Toc209692516]6.1	General
The PDU Set Information UP layer uses the services of the Transport Network Layer in order to send its packets over the interface. 
[bookmark: _CR6_2][bookmark: _Toc209692517]6.2	PDU Set Information user plane protocol layer services
The following functions are provided by the PDU Set Information User Plane protocol:
-	Provision of PDU Set Information elements associated with a QoS flow;
-	Provision of Indication of End of Data Burst for a QoS flow.
[bookmark: _CR6_3][bookmark: _Toc209692518]6.3	Services expected from the Transport Network Layer
The PDU Set Information UP layer expects the following services from the Transport Network Layer:
-	Transfer of PDU Set Information User Plane PDUs. 
[bookmark: _CR6_4][bookmark: _Toc209692519]6.4	Elementary procedures
[bookmark: _CR6_4_1][bookmark: _Toc209692520]6.4.1	Transfer of DL PDU Set Information 
[bookmark: _CR6_4_1_1][bookmark: _Toc209692521]6.4.1.1	Successful operation
The purpose of the Transfer of the DL PDU Set Information procedure is to send PDU Set information and indication of End of Data Burst related to a QoS flow from UPF to NG-RAN node or between NG-RAN nodes, or from gNB-CU to gNB-DU. 
The DL PDU SET INFORMATION frame includes a QoS Flow Identifier (QFI) field associated with the transferred packet. The NG-RAN shall use the received QFI to determine the QoS flow and QoS profile which are associated with the received packet. 
The DL PDU SET INFORMATION frame includes PDU Set Sequence Number, PDU Sequence Number within a PDU Set, PDU Set Importance, End of Data Burst and End PDU of the PDU Set as specified in TS 23.501 [5].
The DL PDU SET INFORMATION frame may include the PDU Set Size as specified in TS 23.501 [5].


[bookmark: _CRFigure6_4_1_11]Figure 6.4.1.1-1: Successful Transfer of DL PDU Set Information


[bookmark: _CRFigure6_4_1_12]Figure 6.4.1.1-2: Successful Transfer of DL PDU Set Information
[bookmark: _CR6_4_1_2][bookmark: _Toc209692522]6.4.1.2	Unsuccessful operation
Void.
[bookmark: _CR6_5][bookmark: _Toc209692523]6.5	Elements for the PDU Set Information user plane protocol
[bookmark: _CR6_5_1][bookmark: _Toc209692524]6.5.1	General
The structure of frames is specified as in the section 5.5.1.
[bookmark: _CR6_5_2][bookmark: _Toc209692525]6.5.2	Frame format for the PDU Set Information user plane protocol
[bookmark: _CR6_5_2_1][bookmark: _Toc209692526]6.5.2.1	DL PDU SET INFORMATION (PDU Type 0)
This frame format is defined to allow the NG-RAN node or gNB-DU to receive PDU Set Information and indication of End of Data Burst associated with a QoS flow.
The following shows the respective DL PDU SET INFORMATION frame.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	[bookmark: _MCCTEMPBM_CRPT70590042___4]PDU Type (=0)
	EDB
	EPDU
	PSSI
	Spare
	1

	[bookmark: _MCCTEMPBM_CRPT70590043___4]QoS Flow Identifier (QFI)
	PSSN
	2

	[bookmark: _MCCTEMPBM_CRPT70590044___4]PSSN
	

	[bookmark: _MCCTEMPBM_CRPT70590045___4]Spare
	PSI
	1

	[bookmark: _MCCTEMPBM_CRPT70590046___4]PSN
	1

	[bookmark: _MCCTEMPBM_CRPT70590047___4]PSSize
	0 or 3

	[bookmark: _MCCTEMPBM_CRPT70590048___4]Padding 
	0-3



Figure 6.5.2.1-1: DL PDU SET INFORMATION (PDU Type 0) Format
[bookmark: _CR6_5_3][bookmark: _Toc209692527]6.5.3	Coding of information elements in frames
[bookmark: _CR6_5_3_1][bookmark: _Toc209692528]6.5.3.1	PDU Type
Description: The PDU Type indicates the structure of the PDU Set UP frame. The field takes the value of the PDU Type it identifies; e.g. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.
Value range: {0= DL PDU SET INFORMATION, 1-15=reserved for future PDU type extensions}.
Field length: 4 bits.
[bookmark: _CR6_5_3_2][bookmark: _Toc209692529]6.5.3.2	Spare
Description: The spare field is set to "0" by the sender and should not be interpreted by the receiver. This field is reserved for later versions.
Value range: (0–2n-1).
Field Length: n bits.
[bookmark: _CR6_5_3_3][bookmark: _Toc209692530]6.5.3.3	QoS Flow Identifier (QFI)
Description: When present this parameter indicates the QoS Flow Identifier of the QoS flow to which the transferred packet belongs.
Value range: {0..26-1}. 
Field length: 6 bits.
[bookmark: _CR6_5_3_5][bookmark: _Toc209692531]6.5.3.5	PSSI (PDU Set Size Indicator)
Description: This parameter indicates the presence of PDU Set Size (PSSize).
Value range: {0= PSSize not present, 1= PSSize present}.
Field length: 1 bit.
[bookmark: _CR6_5_3_6][bookmark: _Toc209692532]6.5.3.6	Void
[bookmark: _CR6_5_3_7][bookmark: _Toc209692533]6.5.3.7	End PDU of the PDU Set (EPDU)
Description: This parameter indicates whether the current PDU is the last PDU of the PDU set.
Value range: {0= all other PDUs of the PDU Set, 1= last PDU of the PDU set}.
Field length: 1 bit.
[bookmark: _CR6_5_3_8][bookmark: _Toc209692534]6.5.3.8	End of Data Burst (EDB)
Description: This parameter indicates the end of a Data Burst.
Value range: {0 =all other PDUs, 1= the last PDU of a data burst}.
Field length: 1 bit.
[bookmark: _CR6_5_3_9][bookmark: _Toc209692535]6.5.3.9	PDU Set Importance (PSI)
Description: This parameter indicates the importance of the current PDU Set compared to other PDU Sets within the same QoS flow. Lower values shall indicate a higher importance with the exception that value “0” means that the sender cannot define the importance. PDU Set with the highest importance PDU Set is indicated by 1 and the lowest importance PDU Set is indicated by 15.
Value range: {0..24-1}.
Field length: 4 bits.
[bookmark: _CR6_5_3_10][bookmark: _Toc209692536]6.5.3.10	PDU Set Sequence Number (PSSN)
Description: This parameter indicates the sequence number of the PDU Set to which the current PDU belongs acting as an identifier for the PDU Set.
Value range: {0..210-1}.
Field length: 10 bits.
[bookmark: _CR6_5_3_11][bookmark: _Toc209692537]6.5.3.11	PDU Sequence Number within a PDU Set (PSN)
Description: This parameter indicates the sequence number of the current PDU within the PDU Set. The PSN shall be set to 0 for the first PDU in the PDU Set and incremented monotonically for every PDU in the PDU set in order of transmission from the sender.
Value range: {0..28-1}.
Field length: 1 octet.
[bookmark: _CR6_5_3_12][bookmark: _Toc209692538]6.5.3.12	PDU Set Size (PSSize)
Description: This parameter indicates the total size of all PDUs in bytes of the PDU Set to which the current PDU belongs.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc209692539]6.5.3.13	Padding
Description: The padding is included at the end of the frame to ensure that the PDU Set Information user plane protocol PDU length (including padding and the future extension) is (n*4– 2) octets, where n is a positive integer. If there is any future extension, the padding should be added after the future extensions.
Field Length: 0–3 octets.
[bookmark: _CR6_5_4][bookmark: _Toc209692540]6.5.4	Timers
Void.
[bookmark: _CR6_6][bookmark: _Toc209692541]6.6	Handling of unknown, unforeseen and erroneous protocol data
Void.
[bookmark: _CRAnnexAinformative][bookmark: _Toc534727739][bookmark: _Toc36555223][bookmark: _Toc45882595][bookmark: _Toc51762904][bookmark: _Toc64446387][bookmark: _Toc88652306][bookmark: _Toc209692542]
Annex A (informative):
Example of using Future Extension Field

[bookmark: _CRA_1][bookmark: _Toc534727740][bookmark: _Toc36555224][bookmark: _Toc45882596][bookmark: _Toc51762905][bookmark: _Toc64446388][bookmark: _Toc88652307][bookmark: _Toc209692543]A.1	Example of using Future Extension field

	New IE flag 7(E)
	New IE flag
6
	New IE flag
5
	New IE flag
4
	New IE flag 
3
	New IE flag 
2
	New IE flag
1
	New IE flag 
0
	1 Octet 
New IE Flags

	New IE 1
	3 Octets

	New IE 2
	2 Octets


[bookmark: _CR]
Figure A.1-1: Example of future Extension Field
In the Example of the future Extension Field, New IE flag 0 indicates if the New IE 1 is present or not. New IE flag 1 indicates if the new IE 2 is present or not. 
[bookmark: _CRA_1_1][bookmark: _Toc534727741][bookmark: _Toc36555225][bookmark: _Toc45882597][bookmark: _Toc51762906][bookmark: _Toc64446389][bookmark: _Toc88652308][bookmark: _Toc209692544]A.1.1	New IE Flags
Description: The New IE Flags IE is only present if at least one new IE is present. The New IE Flags IE contains flags indicating which new IEs that are present following the New IE Flags IE. The last bit position of the New IE Flags IE is used as the Extension Flag to allow the extension of the New IE Flags IE in the future. Extension octets of the New IE Flags IE shall follow directly after the first octet of the New IE Flags IE. When an extension octet of the New IE Flags IE is present, then all previous extension octets of the New IE Flags IE and the New IE Flags IE shall also be present, even if they have all their flag bits indicating no presence of their respective new IEs.

[bookmark: _CRAnnexBinformative][bookmark: _Toc534727742][bookmark: _Toc36555226][bookmark: _Toc45882598][bookmark: _Toc51762907][bookmark: _Toc64446390][bookmark: _Toc88652309][bookmark: _Toc209692545][bookmark: historyclause]
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