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1
Discussion

In their reply LS (S2-2203658 / S4-220505) SA4 have indicated the following in their answers to Q1, Q3 and Q4:

On the definition of a video slice, no general definition exists, but some video coding specification such as H.264/AVC and H.265/HEVC make use of this concept and map video slices to NAL units. However, the current definition of SA2 in itself may be misleading for example (i) as a slice is typically not fully self-contained lacking parameter sets and/or relying on data sent in earlier video slices for spatial and/or temporal prediction, or (ii) the processing of a video slice in encoder and decoder is application dependent. In general, it seems unnecessary to understand the media codec specific details of video slices from SA2 perspective. SA2 should rather refrain from define video slices as it is not a network concept but may use the video slice as a possible example of an information unit (possibly with reference to TR 26.926). 
3. Clarify what, if any, dependency there is between the IP packets that make up PDU Sets, e.g. a frame/”slice”.

Again, based on the response to question 1, no single comprehensive answer can be provided. In some cases there are no dependencies, in other cases dependencies exist. The examples above provide some insight into possible dependencies, from none to a dependency that the information unit is prefix-dependent to the case that if any piece is lost of an information unit, the entire unit is useless. We believe that different application media layer mappings and receiver implementations can be addressed by the PDU Set concept and the media/application layer should be able to configure the appropriate handling. Further coordination between SA2 and SA4 is encouraged.
4. Clarify what, if any, dependency there is between PDU Sets that may carry, e.g. different frames/”slices”.

Again, referring to the response in question 1, no single comprehensive answer can be provided. In some cases, there are no dependencies, in other cases dependencies exist. Referring to the examples, spatial and or temporal prediction of slices/frames across NAL units in the case of the video coding typically applies.  In motion-compensated predicted video decoding, some frames/slices refer to other frames (typically entire frames and not restricted to slices) based on the video encoding configuration but also based on dynamic operational decisions. As consequence, a PDU Set may “depend” on previously received PDU Sets. However, such dependencies do not necessarily result in discarding dependent information units, but the user experience may be degraded. 

SA4 would like to point out, that due to its heavy-compression and spatial-temporal prediction, any packet losses in video generally result in degradation of the user-perceived quality of experience. Hence, video applications generally (i) benefit, (ii) are more efficient and (iii) can be simplified, if the network minimizes video packet losses. Nevertheless, a video decoder in particular in a low-latency application needs to include mechanisms to handle packet losses and delayed packets, such as frequent resynchronization and error concealment. In those cases, the operation of the receiver/network may vary. For example, the handling of dependent PDU Sets once a leading PDU Set is lost is not universally defined and depends on the operation of the application. However, typically, video applications prefer reducing the encoding bitrate in order to minimize congestion-related packet losses. If the application and the 5GS have agreed to a QoS flow establishment, then the network is obviously expected to support the delivery of PDUs according to the QoS requirements of the application.
The reply LS is concluded as follows:

In summary, SA4 does see value and interested in the concepts of PDU Sets and advanced QoS. For the questions asked by SA2, the answer is quite often: “it depends”. There may be cases for which the assumptions on the application apply, whereas there are other cases for which the assumptions of SA2 do not apply, or are at least not complete. 
We believe that generally SA2 should focus on defining abstract QoS concepts w/o implying any specifics on video or application specifics. SA4 would then, as stated in this LS, identify if the concepts are applicable to SA4 defined or third-party XR services. We also encourage SA2 to review the findings in TR 26.926 which we attempt to complete by SA#96. SA4 will keep SA2 informed if any issues would be identified in the future SA4 study. Findings will be documented in TR 26.926.



Regarding the answer to Q3, the highlighted text indicates that in some (but not all) cases, the loss of single PDU in a PDU Set can make the remainder of PDU Set (“orphan PDUs”) useless. If the application client/server or the PDU Session Anchor (based on the solution) is able to indicate to NG-RAN how to handle the remainder of PDUs in a PDU Set in case of PDU loss, the NG-RAN will be able to make bandwidth savings by avoiding unnecessary transmission of “orphan PDUs”.
Proposal 2: It is proposed to add a definition of “Orphan PDU” to designate any of the remaining PDUs in a PDU Set that follows a lost PDU of that same PDU Set.
Proposal 3: It is proposed to capture as architecture requirement that based on information provided by the application client/server or based on information derived by the 5GS, the 5GS shall be able to discriminate between Orphan PDUs that can be discarded from Orphan PDUs that should not be discarded. The PDU Set definition is slightly adjusted accordingly.






During SA2#150E it was questioned whether it is possible to support HTTPS-based XRM services in solutions relying on deep packet inspection of the RTP/SRTP/NAL headers at the PSA in order to determine the PDU Set-related information. The reply LS from SA4 does not provide any insight on whether HTTPS can also be used as transport for XR and media services traffic flows. It is also not clear whether solutions relying on DPI of RTP/SRTP/NAL headers are able to determine whether in case of PDU loss, the remaining PDUs of that PDU Set “should be delivered” vs “can be dropped”.

Proposal 5: It is proposed to send a follow-up LS OUT to SA4 related to the need to support HTTPS-based XRM traffic flows in the context of XR applications. The LS OUT should also ask whether it is possible to determine the handling of remaining PDUs in a PDU Set (“should be delivered” vs “can be dropped”) based on header inspection.
2
Proposal

It is proposed to agree the proposed solution for inclusion in TR 23.700-60.
It is also proposed to send a follow-up LS to SA4. A draft LS OUT is proposed in S2-2204628.
*** BEGIN CHANGES ***

3.1
Terms

For the purposes of the present document, the terms given in 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 TR 21.905 [1].

Video Slice: A spatially distinct region of a video frame that is encoded separately from other regions in the same frame.

Editor's note:
The Video Slice definition above needs to be confirmed by SA WG4.

PDU Set: 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), 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. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.


Multi-modal Data: Multi-modal Data is defined to describe the input data from different kinds of devices/sensors or the output data to different kinds of destinations (e.g. one or more UEs) required for the same task or application. Multi-modal Data consists of more than one Single-modal Data, and there is strong dependency among each Single-modal Data. Single-modal Data can be seen as one type of data.

NOTE 1:
This definition was taken from TR 22.847 [6].

Tactile Internet: A network (or network of networks) for remotely accessing, perceiving, manipulating, or controlling real or virtual objects or processes in perceived real time by humans or machines.
NOTE 2:
This definition is based on IEEE SA P1918.1 [7].

*** NEXT CHANGES ***
4
Architectural Assumptions and Requirements

4.1
Architectural Assumptions

-
The architecture, framework and the QoS model as specified in TS 23.501 [2], TS 23.502 [3], and TS 23.503 [4] are regarded as the baseline for this study.

NOTE 1:
The study focuses on using NR as access technology. Specific enhancements to other access types are not required to be studied in this TR (although not prohibited).

-
The functional split in 5GS between UE, RAN and CN remains unchanged, i.e. packet classification of DL packets is performed in CN, and the packet classification of UL packets is performed in UE.

-
XRM services are assumed to use the IP PDU session types (however other PDU types are not excluded).

-
XRM services shall be able to coexist within a PLMN or SNPN with existing services simultaneously

-
XRM services can be between client-server (i.e. UE - application server) and/or peer-to-peer (i.e. between two UEs routed via the 5G CN).

-
Architecture enhancements should support XRM applications and its traffic characteristics. However, media codec mechanisms are not in the scope of this study.

-
XR and media application data may be encrypted by the client and/or server in some cases and unencrypted in other cases.

NOTE 2:
It is assumed that the some header information necessary for the identification of PDUs is not encrypted.

-
The 5GS shall be able to distinguish the case where the remaining PDUs that follow a lost PDU of that same PDU Set  can be discarded from the case where the remaining PDUs that follow a lost PDU of that same PDU Set  should not be discarded.

NOTE 3:
How 5GS obtains the information needed to distinguish these two cases is solution specific.

*** END CHANGES ***
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