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1
Discussion on PDU Set Importance
During SA2#153E the Rapporteur proposed a SoH on the question of how PDU Set Importance information is conveyed to RAN:
Q2. How to deliver PDU Set importance information to RAN:

· Option 1: use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.

· Option 2: use one QoS flow for different PDU Set with different priority level

· Option 2.1: use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header

· Option 2.2: use PDU Set importance information in GTP-U header

The SoH was postponed to allow for some more technical discussion.
Note that the discussion in this contribution focuses on Option 1 and Option 2.2 only, because Option 2.1 is not clear to us.

1.1
RTP packet fields used for deriving the PDU Set Importance
Consider for instance the PDU Set identification based on RTP header extension described in TR 23.700-60 Figure 6.24.3.2.1-1 (Solution #24):
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Figure 6.24.3.2.1-1: Frame Marking RTP header extension for non-scalable streams

The “PDU Set Importance” could be determined based on the “I” and “D” bits in the RTP header extension which are used to identify “Independent” and “Discardable” frames.
It should be noted that:

-
The RTP header extension containing the “I” and “D” bits is embedded deep inside the RTP packet (at least 20 bytes away from the UDP header of the traditional IP 5-tuple).

-
The RTP header extension containing the “S”, “E, “I” and “D” bits is embedded at a variable depth (e.g. it depends on the number of contributing sources indicated by the “CC” field).

- the “D” bit stands for “Discardable”, meaning that the primary use of this bit is to provide information about frames that can be preferentially discarded (e.g. in case of congestion).

Similar observations apply when the PDU Set identification is based on NAL unit header described in TR 23.700-60 Figure 6.12.3.2-3 (Solution #12):
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Figure 6.12.3.2-3: NAL unit header format for H.264

When NAL unit header is used, the “NRI” field could be used for deriving the “PDU Set Importance”. As described in clause 6.15.2 of TR 23.700-60, “NRI with the value of [0,3] indicates the relative transport priority of the RTP packet, 0 indicates the NAL unit can be discarded without risking the integrity of the reference pictures, while the RTP packets of an I frame should have the NRI value of 3.”. Hence, again the primary use of the NRI field is for the purpose of preferential frame discarding.
Observation 1: PDU Set Importance is derived based on the “I” and “D” bits (in case of RTP extension header according to draft-ietf-avtext-framemarking) and based on the “NRI” field (in case of NAL unit header).

Observation 2: The primary use of the “I” and “D” bits, as well as the NRI field, is for preferential frame discarding (e.g. in case of congestion).

Observation 3: The primary use of the “I” and “D” bits, as well as the NRI field, are located deep inside the RTP packet and at variable depth.

On the FS_XRM conference call that took place on November 1st it was commented that additional parameters could be used to determine the PDU Set Importance, such as nal_unit_type that is used to discriminate the “base layer” from the “enhancements” layer(s). In our view this comment does not significantly change the observations above, namely:

-
The “base layer” vs “enhancement layer” information used for deriving the PDU Set importance is buried deep inside the RTP packet and at variable depth.
-
The derived information will primarily (from SA2 perspective) be used for preferential discarding in presence of congestion (e.g. the “base layer” being of higher importance than “enhancement layer 1” which is of higher importance than “enhancement layer 2”, etc.).

1.2
Options on the table
Option 1 (use different QoS Flows with different priority level) assumes that there are twin QoS Flows that have the same QoS characteristics, except that one of them has a different priority level associated with PDU Set discarding. Traditional QoS Flow binding will not be sufficient to map DL packets to either of the twin QoS Flows, the information needed for disambiguation (namely the “I” bit, “D” bit or “NRI” field) being buried deep inside the RTP packet and at variable depth.

In our view this is a huge drawback of Option 1 because QoS Flow binding will not anymore be based on simple pattern matching of existing filters with the IP 5-tuple.

The use of additional information for QoS Flow binding beyond the traditional 5-tuple (e.g. “I” bit, “D” bit, “NRI” field, “base layer” vs “enhancement layer”) will also have UE impact.
Additional drawback of Option 1 include:

-
Option 1 multiplies the number of QoS Flows by the number of PDU Set Importance levels in the media stream.
-
Option 1 may lead to out-of-order delivery (which may not be a big issue given that RTP packets carry sequence numbers).

Observation 4: Option 1 has several drawbacks, the most important being the impact on QoS Flow binding, which also has UE impact.
Regarding Option 2.2 (use PDU Set importance information in GTP-U header), we would like to point out that, based on the comments on the DISCUSSIONS reflector, companies seem to have different understanding of the meaning of PDU Set importance and what this implies wrt the use of DRBs in the RAN:

· Some companies think that, although the PDU Set Importance is carried in-band in the GTP-U header of a QoS Flow, it may still result in the use of multiple DRBs on the radio and would therefore lead to the same problem of out-of-order delivery as Option 1.
· In contrast, other companies (including Intel) think that the PDU Set Importance should be primarily used for the purpose of “collective” PDU discarding in presence of congestion (i.e. as some sort of “discard eligibility”), as implied by the intended use of “I” bit, “D” bit and NRI field in the RTP packet (refer to Observation 2). The QoS Flow should not require more than one DRB on the radio, as is the case today, but it is possible that RAN2 might find additional use of the PDU Set Importance information for which they may need to use more than one DRBs.
The figures below illustrate the point that it is possible to support PDU Sets with different importance on the same QoS Flow and possibly on the same DRB, while preserving in-order delivery. However, it is noted again that it is up to RAN2 to decide the number of DRBs for the same QoS Flow.

As illustrated in Figures 1a, 1b and 1c, with Option 2.2 as described in the previous paragraph, there is only one DL buffer per-QoS Flow and the PDU Set Importance information is only used for PDU Set-level packet discarding (e.g. in reference to Figure 1b, the PDUs from PDU Set=1 in QoS Flow=1 and PDU Set=2 in QoS Flow=2 are discarded by the buffer management engine in the gNB). The remaining PDU Sets (e.g. in reference to Figure 1c these are PDU Sets 2 and 3 for QoS Flow=1, PDU Sets 1 and 3 for QoS Flow=2) are delivered over the radio in order.
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Figure 1a: Per-QoS Flow buffers before PDU discarding
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Figure 1b: Discarding of all PDUs in PDU Sets of lower importance 
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Figure 1c: In-order transmission of remaining PDU Sets on the radio
Option 2.1 (use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header) is not very clear. If the sub-QoS flow identifier is carried in GTP-U header, then it is unclear how this is different from carrying the PDU Set Importance in GTP-U header (as in Option 2.2).
Based on the discussion above it is proposed to agree the following:

Proposal 1: PDU Sets with different PDU Set Importance are mapped on the same QoS Flow.

Proposal 2: The PDU Set Importance is indicated to RAN in the GTP-U header on N3.

Proposal 3: From SA2 perspective the PDU Set Importance is used by NG-RAN only for PDU Set-level packet discarding in presence of downlink congestion. RAN2 may identify additional use of PDU Set Importance.

Proposal 4: It is also proposed to send an LS OUT to RAN2 (draft provided in S2-2210870) indicating that 1) from SA2 perspective the PDU Set Importance is primarily used for PDU Set-level discarding in presence of congestion; 2) that in-order delivery of PDU Sets on the radio interface is not a big issue since application clients can cope with re-ordering.

2
Proposal

It is proposed to agree the proposed text for inclusion in TR 23.700-60.

It is proposed to send an LS OUT to RAN2. A draft LS OUT is provided in a companion contribution for this meeting (S2-2210870).

*** BEGIN CHANGES ***

8.4.2
User plane enhancements for supporting PDU Set in downlink

8.4.2.1
PDU Set Information

The following PDU Set related information may be identified by UPF to support PDU Set based handling:

-
PDU Set Identifier.
NOTE 1:
Neighbor PDU Sets in sequence will use different PDU Set identifiers.

-
Optional, Start PDU and End PDU of the PDU Set.
-
PDU SN within a PDU Set.
-
Optional, PDU Set Size.
NOTE 2:
Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.

NOTE 3:
Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.

-
PDU Set Importance. This parameter is used for PDU Set-level packet discarding in presence of congestion, the PDU Sets with lower importance being preferentially discarded before PDU Sets with higher importance.
Editor's note:
Which above PDU Set information parameters is optional is FFS.

*** NEXT CHANGE ***
8.4.2.3
Delivering PDU Set Information to RAN

PDU Set Information (listed in clause 8.4.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.

PDU Sets with different PDU Set Importance belonging to the same media stream are bound by the UPF on the same QoS Flow using the existing QoS Flow binding mechanism.
From SA2 perspective the PDU Set Importance is used by NG-RAN primarily for PDU Set-level packet discarding in presence of downlink congestion.

NOTE:
How the PDU Set Importance translates on Uu (e.g. in terms of the number of DRBs for the same QoS Flow) is up to RAN WGs to decide.


*** END CHANGES ***
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