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Abstract of the contribution: Introduction update to conclusions for KI#4&5. 
1. Discussion 
1.1 Discussion on PSER
There is an EN related to PSER.
Editor's note:	the criteria for determining whether a PDU Set is successfully delivered or not are FFS 
The following different kinds of criteria to determine a PDU set as error are proposed in the previous meetings:
· Criteria 1: all PDUs of the PDU Set are not successfully delivered or lost. 
· Criteria 2: partial PDUs of the PDU are not successfully delivered or lost when all PDUs are needed for the usage of PDU Set by application layer.
· Criteria 3: more than (1-X%) of the PDU set is not successfully delivered or lost when X% of PDU bits are required by application layer based on FEC. 
· Criteria 4: The first packet of the PDU Set is not successfully delivered or lost when the first packet is needed for the usage of PDU Set by application layer.
Observation1: Criteria1 and 2 and valid criteria to determine a PDU set as error.
Criteria 3, 4 are related to SA4 LS in (S2-2203658)
· Criteria 3: “Encoding Symbol IDs K onwards identify repair symbols generated from the source symbols using an FEC encoder, e,g., Raptor. Typically, N >= K packets are sent, carrying an FEC source or repair symbols.”
· Criteria 4: “if the first packet of the PDU Set is lost, all other packets of the fragmentation units are useless,”
	S2-2203658 SA4 LS 
1. Any feedback/guidance on the definition of PDU Sets and video slices in the attached document S2-2201851.
For definition of a PDU Set, SA4 understands the PDU Set represents the set of packets transmitted within the 5G system and defined to facilitate SA2 study on QoS enhancement. Primarily, we view the definition an SA2 concept and SA4 can only comment to the extent if we can possibly map media data to the PDU Set concept.
As one example, SA4 has analyzed to what extent RTP packetized H.265/HEVC video as defined in IETF RFC 7798 may be mapped to the PDU Set concept. RFC7798 provides detailed information on how to map video frames and their corresponding NAL units (the data unit in H.265/HEVC interfacing with the network) to a PDU Set concept. We believe for example, that Fragmentation Unit Packets (defined as a fragment of a NAL unit consisting of an integer number of consecutive octets of that NAL unit, for example a video slice) may be considered as a PDU Set according to the first part of the PDU Set definition (A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM Services), …). In some implementations (note that neither the video codec specifications, nor the IETF RFC, nor 3GPP specifications up to today provide any requirements or recommendation on implementations), the loss of one fragmentation packet of the NAL Unit may result in discarding the entire NAL unit and hence the second part of the PDU definition (which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information.) applies. In other implementations, receivers may use the data up to the first lost fragmentation unit to recover at least parts of the video data included in the NAL unit and apply error concealment afterward. In this case, the third part of the PDU Set definition (the application layer can still recover parts of the information unit, when some PDUs are missing) applies, but in this case the equal importance part of the PDU Set definition (which are of same importance requirement at application layer) may be misleading (Note that in this operation mode, as an example if the first packet of the PDU Set is lost, all other packets of the fragmentation units are useless, whereas of the last packet is lost, the decoder can use all packets except the last one. Obviously, in this example scenario, the first packet is “more important” than the last one). In addition, for video, data included in NAL Units are typically spatially and/or temporarily predicted from video data in other NAL Units, so some sort of cross-dependency of NAL units exists. Based on this and other potential scenarios, even mapping multiple NAL units to a single PDU Set may not be excluded to be considered as a viable setup. Generally speaking, packet losses in video applications typically result in some sort of impacted video quality.
Note that H.264/AVC has similar interfaces as H.265/HEVC based on NAL Units and based on IETF RFC6184, the same principles explained above for H.265/HEVC likely also apply for H.264/AVC.
In yet another example, a PDU Set may be mapped to all source and repair packets of an Application Layer FEC source block. Application Layer FEC is for example used in multicast/broadcast (for details refer to 3GPP TS 26.346) or in conversational applications (see TS 26.114). Typically, for an applicational layer, source block packets from 0 to K-1 identify the source symbols of a source block in sequential order, where K is the number of source symbols in the source block.  Encoding Symbol IDs K onwards identify repair symbols generated from the source symbols using an FEC encoder, e,g, Raptor. Typically, N >= K packets are sent, carrying an FEC source or repair symbols. Typically, the decoder requires only any K or only a small amount more than K packet of the N packets to recover the source packets. Based on this, the definition of a PDU Set applies to all packets of a source block (A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g., a frame or video slice for XRM Services), …) and any K packets are sufficient to recover, i.e. all packets are of same importance (which are of same importance requirement at application layer). As only K out N are required, the first definition does not hold (All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information.), but more the second (In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing). Actually, note that in this example of an Application Layer FEC not only parts of the information unit but the full information unit can be recovered.
…..



The 2nd SA4 LS in (S2-2208157) has confirmed “different handling of PDU Sets in one service flow would not apply.”
	SA4 LS S2-2208157
[bookmark: _Hlk103695414][bookmark: _Hlk103695933][bookmark: _Hlk103695736]SA2 Q1: For the green text above about appropriate handling i.e. “should deliver remaining PDUs” vs “can drop remaining PDUs”, is there a case whereby different PDU Sets in the same service data flow could have different handling requirements, i.e. for a specific service data flow, some PDU Sets have the handling of “should deliver remaining PDUs” while the other PDU Sets of the same service data flow have the handling of “can drop remaining PDUs”?
SA4: While SA4 may not exclude the possibility that applications exist that may have a different handling for different PDU sets within one service data flow, SA4 is not aware of any in the context of our service specifications in SA4. In particular, in the considered examples (video frames, video slices, AL-FEC source blocks, DASH/CMAF Segments) referenced in our initial reply LS (S2-2203658 / S4-220505), different handling of PDU Sets in one service flow would not apply.




In the 3rd SA4 LS in (S2-2210181), there is related Q1 answer related to Criteria 3, “applying a “fixed” FEC scheme is quite often not possible as RTP source packets are typically not of identical size.” Based on that, Criteria 3 is not valid.
Observation2: Criteria3 should be ruled out 
	SA4 LS (S2-2210181)
Q1: Packet ratio for FEC
SA2 discussed some candidate solutions proposing packet transmission based on the ratio of source symbol packets, i.e., K/N in the above example. SA2 would like to ask SA4 whether the above ratio is static for a specific XRM service, and whether application layer can provide such a ratio to 5GS. 

SA4 response:
· Generally, on the usage of AL-FEC for XRM services
· SA4 until now has not done any analysis on applying FEC codes to XRM services. Our example and context of PDU sets relates to experience in MBMS services. For example, in TR 26.881 “Study on Forward Error Correction (FEC) for Mission Critical Services”, it is recommended that services with latencies below 1 second are sufficiently supported by well-dimensioned physical layer FEC.
· In real-time services, in particular with RTP and WebRTC as considered in Release 18 normative work in SA4, applying a “fixed” FEC scheme is quite often not possible as RTP source packets are typically not of identical size.
· Also note that FEC codes applied in Real-time service may quite often not be maximum distance separable (MDS) and hence, the reception of how many and which packets are necessary for recovery is quite dependent on a specific PDU set.
· In general, SA4 discourages to apply “active” packet dropping to FEC protected information as it may negatively impact receiver operations (e.g., confuse the receiver (for example asking for even more FEC packets), result in additional delay, lead to wrong measurement of the network capacity, or harm fast decoding). The 5G System should provide the requested/expected QoS and not rely on application layer FEC.
· Specifically on the question
· Although some FEC codes allow for static redundancy ratio, the K/N ratio is not always static during a media delivery session. For example, Video usually relies on Flex-FEC configurations. In such a case, the application is expected to update the 5GS with any configuration change.




Proposal: it is proposed Criteria1/2/4 to PSER.
1.2 Discussion on PSDB


The PSDB defines an upper bound for the time that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. time between reception of the first PDU and the successful delivery of the last arrived PDU of the PDU Set. 
The last arrived PDU of the PDU Set is assumed to arrives before the PSDB expiry in high possibility. If some PDUs of the PDU Set arrives after the PSDB expiry and are allowed to be transmitted, the 5QI's PDB is applied.
Proposal2：If some PDUs of the PDU Set arrives after the PSDB expiry and are allowed to be transmitted, the 5QI's PDB is applied.

2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733][bookmark: _Hlk111028050]Based on proposal in S2-2205840, this paper proposes the following update to 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.
[bookmark: _Toc117496837]8.4	Conclusions for KI#4 and KI#5
The following aspects are concluded as principles for the normative work to support the following two key issues:
-	Key Issue #4: PDU Set integrated packet handling.
-	Key Issue #5: Differentiated PDU Set Handling.
NOTE:	Further PDU Set handling for Uplink will be studied and led by RAN WGs. SA WG2 can align with RAN's progress and decision for Uplink, if any.
Editor's note:	Whether and how to address the charging offset issue of DL PDU set eligible dropping by the NG-RAN is FFS.
[bookmark: _Toc117496838]8.4.1	Control plane enhancements for supporting PDU Set in downlink
[bookmark: _Toc117496839]8.4.1.1	PDU Set QoS Parameters
PDU Set QoS treatment is determined using dynamic or non-dynamic PCC.
The following PDU Set QoS parameters are defined to support PDU Set handling:
-	PDU Set Error Rate: The PSER defines 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. A PDU Set is considered as error in the following cases:
-  Each PDU of the PDU Set is not successfully delivered or lost.
-  partial and all PDUs of the PDU are not successfully delivered or lost when all PDUs are needed for the usage of PDU Set by application layer.
-  the first packet of the PDU Set is not successfully delivered or lost when the first packet is needed for the usage of PDU Set by application layer.
-  the PDU set is lost.
Editor's note:	the criteria for determining whether a PDU Set is successfully delivered or not are FFS 
-	PDU Set Delay Budget. The PSDB defines an upper bound for the time that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. time between reception of the first PDU and the successful delivery of the last arrived PDU of the PDU Set. If some PDUs of the PDU Set arrives after the PSDB expiry and are allowed to be transmitted, the 5QI's PDB is applied for each those PDUs. For GBR QoS Flow using the Delay-critical resource type, when the delay for a PDU Set is more than PSDB, the PDU Set is counted as lost if the QoS Flow is not exceeding the GFBR. For GBR QoS Flows with GBR resource type not exceeding GFBR, of the PDU Sets shall commonly not experience a delay exceeding the 5QI's PSDB to a very high percentage.


Editor's note:	The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
-	Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).

Editor's note:	It is FFS "Whether a PDU Set is still valid in case PSDB is exceeded" is needed. It should be discussed together with the definition of PSDB, specially about the boundary of PSDB.
If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in 8.4.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.

* End of changes *
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