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Abstract: This paper proposes a new solution for the KI#1.
1.  FEC
Forward Error Correction (FEC) offers high degree of fault tolerance and decreases the packet error rate (PER) and can remove the ARQ and the latency of ARQ. But FEC adds data redundancy and increases the data rate and may increase the latency.
FEC has been used in MBMS-based services in 3GPP, e.g. MCVideo.
2. Different Layer of Implementation FEC for PDU Sets
This paper introduces the FEC to be used for the PDU Sets, this type of FEC is described as PDU Set FEC. PDU Set FEC can be implemented in different layers for the packets of a PDU Set:
1) Application Layer on end-to-end FEC, i.e. FEC in the AS in the DN and application in the UE;
2) Middle path layer, e.g. FEC in the AS in the DN and the FEC in the SA UPF ;
3) Radio interface, i.e. FEC in the interface between (R)AN and UE
Different Layers of PDU Set implementations have different impacts on the 5GS system.
1) Application Layer on end-to-end PDU Set FEC, i.e. PDU Set FEC in the AS in the DN and application in the UE; the AF will provide the PDU Set FEC scheme information to the 5GS, and PCF will update the PSIHI information to the NG-RAN. NG-RAN can drop the PDU Set FEC protection packets after successfully transmitting all packets of the PDU Set. In such case, the bitrate of the radio interface can be decreased and whole data of PDU Sets can be fully received by the UE.
2) If the PDU Set FEC is implemented between the SA UPF and AS in the DN, then the SA UPF will need to implement the PDU Set FEC scheme, and there is no impact on the PDU Set QoS profile in the UE and RAN and this is an implementation based solution which is out of scope of 3GPP.
3) If the PDU Set FEC is implemented in the radio layer between the NG-RAN and UE, there are two possible mechanisms to implement such PDU Set FEC requirement:
· The NG-RAN and UE will implement the PDU Set FEC scheme in the radio interface, the PCF may request to activate the PDU Set FEC scheme based on the AF request or based on its local configuration. Or
· The PCF will map the PDU Set FEC scheme into PSER and PSDB requirements, and update the PSER and PSDB of PDU Set QoS parameters.
3. Implementation of PDU Set FEC
The AF can indicate the PDU Set FEC mode and PDU Set FEC scheme used in the application layer to the PCF or AF can request the 5GS to activate and implement the PDU Set FEC mode and PDU Set FEC scheme in the radio interface.
If the PDU Set FEC is implemented in the application layer, the PCF can decide to update the PSIHI of PDU Set QoS parameters based on the PDU Set FEC scheme of the application layer PDU Set FEC or based on its local configuration.
If the AF requests the 5GS to activate the PDU Set FEC within the 5GS (i.e. in the radio interface) and indicates the requested PDU Set FEC scheme, the PCF can map the PDU Set FEC requirements into updating the PSER and PSDB of the PDU Set QoS parameter or the PCF can include the PDU Set FEC scheme as new PDU Set QoS parameters in the PCC rules to the SMF as required to activate the PDU Set FEC scheme in the radio interface, and the SMF provides new PDU Set QoS parameter (i.e. PDU Set FEC scheme) to the NG-RAN as part of the QoS Profile, the NG-RAN will implement the PDU Set FEC scheme in the radio interface.

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-70.
[bookmark: _Toc324232211][bookmark: _Toc326248702][bookmark: _Toc421821979][bookmark: _Toc517082226]* * * * First change (all new texts)* * * *
6. X	Solution #x: PDU Set FEC-based PDU Set QoS Handling
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc97526926]6. X.1	Key Issue mapping
This solution is for KI #1.
[bookmark: _Toc97526927]6. X.2	Description
6. X.2.1	FEC 
Forward Error Correction (FEC) offers high degree of fault tolerance and decreases the packet error rate (PER) and can remove the ARQ and the latency of ARQ. But FEC adds data redundancy and increases the data rate and may increase the latency.
FEC has been used in MBMS-based services in 3GPP, e.g. MCVideo.
6.x.2.2 Different Layer of Implementation FEC for PDU Sets
If a FEC is used at PDU Set granularity, this FEC is described as PDU Set FEC, and PDU Set FEC can be implemented in different layers for the packets of a PDU Set:
1) Application Layer on end-to-end FEC, i.e. FEC in the AS in the DN and application in the UE;
2) Middle path layer, e.g. FEC in the AS in the DN and the FEC in the SA UPF ;
3) Radio interface, i.e. FEC in the interface between NG-RAN and UE
Different Layers of PDU Set implementations have different impacts on the 5GS system.
1) Application Layer on end-to-end PDU Set FEC, i.e. PDU Set FEC in the AS in the DN and application in the UE; The AF will provide the PDU Set FEC scheme information to the 5GS, and PCF will update the PSIHI information to the NG-RAN. NG-RAN can drop the PDU Set FEC protection packets after successfully transmitting all packets of the PDU Set. In such case, the bitrate of the radio interface can be decreased and whole PDU Set can be fully received by the UE.
2) If the PDU Set FEC is implemented between the SA UPF and AS in the DN, then the SA UPF will need to implement the PDU Set FEC scheme, and there is no impact on the PDU Set QoS profile in the UE and RAN and it is an implementation based solution which is out of scope of 3GPP.
3) If the PDU Set FEC is implemented in the radio layer between the NG-RAN and UE, there are two possible mechanisms to implement such PDU Set FEC requirement:
· The NG-RAN and UE will implement the PDU Set FEC scheme in the radio interface, the PCF may request to activate the PDU Set FEC scheme based on the AF request or based on its local configuration. Or
· The PCF will map the PDU Set FEC scheme into PSER and PSDB requirements, and update the PSER and PSDB of PDU Set QoS parameters.
6.x.2.3 Implementation of PDU Set FEC
The AF can indicate the PDU Set FEC mode and PDU Set FEC scheme used in the application layer to the PCF or AF can request the 5GS to activate and implement the PDU Set FEC mode and PDU Set FEC scheme in the radio interface.
If the PDU Set FEC is implemented in the application layer, the PCF can decide to update the PSIHI of PDU Set QoS parameters based on the PDU Set FEC scheme of the application layer PDU Set FEC or based on its local configuration.
If the AF requests the 5GS to activate the PDU Set FEC within the 5GS (i.e. in the radio interface) and indicates the requested PDU Set FEC scheme, the PCF can map the PDU Set FEC requirements into updating the PSER and PSDB of the PDU Set QoS parameter or the PCF can include the PDU Set FEC scheme as new PDU Set QoS parameters in the PCC rules to the SMF as required to activate the PDU Set FEC scheme in the radio interface, and the SMF provides new PDU Set QoS parameter (i.e. PDU Set FEC scheme) to the NG-RAN as part of the QoS Profile, the NG-RAN will implement the PDU Set FEC scheme in the radio interface.
[bookmark: _Toc97526928]6. X.3	Procedures


[bookmark: _GoBack]Figure 6.x.3.1-1: PDU Set FEC-based PDU Set QoS Handling
0. [bookmark: _Toc97526929]The PDU Session for the XRM service is established. 
1. If the XRM AF does not locate at trusted domain, the AF sends the Nnef_AFsessionwithQoS_Create Request  to the NEF. If the XRM AF locates at trusted domain, the AF sends the Npcf_PolicyAuthorization_Create Request to the PCF.
The request message includes PDU Set FEC information (e.g. including PDU Set FEC mode, PDU Set FEC scheme), the PDU Set FEC mode indicates the PDU Set FEC is Application layer FEC or PDU Set FEC in the radio interface, and PDU Set FEC scheme indicates the additional protocol aspects required to use a particular FEC code with the FEC Framework for the PDU Set as defined in RFC 6363, and the RFCs in the references are some examples of FEC schemes defined by IETF.
2. The PCF sends Npcf_SMPolicyControl_UpdateNotify request (SDF PCC rule) to the SMF. The SDF PCC rule includes the PDU Set QoS parameters. 
Based on the PDU Set FEC information received from AF or based on its local PDU Set FEC policies: 
· If the PDU Set FEC mode is FEC in the radio interface, the PCF provides the PDU Set FEC scheme as a new PDU Set QoS parameter or maps the PDU Set FEC scheme into PSER and PSDB of the PDU Set QoS parameters based on its local policies. or
· If the PDU Set mode is application layer FEC, the PCF updates the PSIHI information of the PDU Set QoS parameters with the FEC scheme based on the PDU Set scheme.
3. The SMF creates a new QoS Flow based on the received PCC rule and sends the Namf_Communication_N1N2MessageTransfer request ( PDU Set QoS Profile) to AMF. The SMF generates the PDU Set QoS profile as part of the QoS Profile to the NG-RAN based on the received PDU Set QoS parameters. 
4. The AMF forwards the N2 Message () to the RAN to create a QoS Flow. 
If the PDU Set QoS Profile includes the FEC scheme, the NG-RAN implements the FEC scheme between the NG-RAN and UE which will be defined in RAN WG. 
If the PSIHI includes the FEC scheme information, the NG-RAN (for DL PDU Sets) or the UE (for UL PDU Sets) can drop some PDU Set FEC protection packets without dropping any original packets of the PDU Sets, which is defined in RAN WG.
5. After the QoS Flow is established, the PDU Set may be FEC protected between the UE and the NG-RAN, or the PDU Set is end-to-end FEC protected between the AS and the UE.
Note: The above PDU Set FEC information can be UL only, DL only or UL and DL. If the PDU Set FEC information is one direction only, the related PDU Set QoS parameter handling on FEC is only for thatdirection.
6. X.4	Impacts on services, entities and interfaces
AF/AS:
· Provides the PDU Set FEC information (e.g. including PDU Set FEC mode, and PDU Set FEC scheme) for the XRM Stream .
· Performs the end-to-end FEC scheme if the PDU Set FEC mode is application layer FECfor the XRM stream.  
PCF:
· Generates PCC rules including PDU Set FEC scheme as a new PDU Set QoS parameter.
· Updates the PSER, PSDB, and PSIHI based on the PDU Set FEC Information provided by AF or based on its local policies.
SMF:
· Generates the PDU Set QoS Profile to the NG-RAN which may include the PDU Set FEC scheme as a new PDU Set QoS parameter.
RAN:
· Drops the FEC protection packets if the PSIHI indicates the FEC scheme.
· Performs the FEC protection for the PDU Sets between the UE and NG-RAN based on the PDU Set FEC scheme.

Reference:
1) RFC 6363 Forward Error Correction (FEC) Framework.
2) RFC 6364 Session Description Protocol Elements for the Forward Error Correction (FEC) Framework.
3) RFC 6681 Raptor Forward Error Correction (FEC) Schemes for FECFRAME. 
4) RFC 6682 RTP Payload Format for Raptor Forward Error Correction (FEC).
5) RFC 6695 Methods to Convey Forward Error Correction (FEC) Framework Configuration Information.
6) RFC 6816 Simple Low-Density Parity Check (LDPC) Staircase Forward Error Correction (FEC) Scheme for FECFRAME. 
7) RFC 6865 Simple Reed-Solomon Forward Error Correction (FEC) Scheme for FECFRAME.
8) RFC 8680 Forward Error Correction (FEC) Framework Extension to Sliding Window Codes. 
9) RFC 8681 Sliding Window Random Linear Code (RLC) Forward Erasure Correction (FEC) Schemes for FECFRAME.
* * * * End of change* * * *
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