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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last RAN2 meeting, the PDU discard was initially discussed and reached the following agreements:
	1. For UE transmitter, the PDCP discard should be performed per PDU set basis. 
2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.


Moreover, there is a leftover issue related to whether the AL-FEC should impact the discard mechanism in RAN:
	Proposal 2: RAN2 to LS SA2 to confirm the need for the additional information for the support of PDU Set based on AL-FEC.
Wait for SA2/SA4 to clarify this. No need for LS at this point.


In this contribution, we will further discuss the leftover issues regarding to the PDU discard.
Discussion
PDCP discard based on inter-PDU set dependency
According to [1], the key issue #5 is related inter-PDU set dependency. And there are some solutions captured in [1] related to PDU discard considering the inter-PDU set dependency, summarized in the following Table:
                Table-1 Solutions corresponding PDU discard based on inter-PDU set dependency
	Solutions
	Key points

	#13
	When RAN congestion happens, UPF can discard less important data (e.g., B frame)
· Only UPF drop based on inter-PDU dependency is mentioned, no RAN behavior.

	#18
	In the H.264, the P frame depends on I frame, the B frame depends on I frame, P frame and possible other B frames. If there are multiple successive B (e.g. over 3) frames in the GOP, it is very hard to identify the dependency between these B frames.
In the H.265 and H.266, with different type of I frame (6 types of I frame in H.265 and 4 types of I frame in H.266) and different type of B/P frame (10 types of B/P frame in H.265 and 4 types of B/P frame in H.266), it is very hard to identify the dependency of the PDU Sets with the same Layer ID and the same Temporal ID.
· For H.264/H.265/H.266, sometimes it is hard to identify the intra-PDU set dependency.

	#22
	Reference PDU Set SN (RPS-SN): optional parameter used for PDU Sets that depend on a more important (Reference) PDU Set and need to be transmitted only if the Reference PDU Set has been successfully transmitted.
· Only when reference PDU set has been successfully transmitted, this PDU set can be transmitted.

	#23
	It is also possible that the dependency between different PDU sets exists. The packets which are dependent by other packets are considered to be more important. Both the inter and intra PDU set dependency information are helpful for handling the packets dropping during the congestion situation.
……
· The AF could send the external header information and the handling request of the PDU set to the 5GS including the packet loss threshold. So during the congestion situation, if the lost packets within PDU set are above the threshold, other packets within the PDU set can also be dropped. When considering the packets dropping, the dependency information intra or inter the PDU sets could also be considered. This dependency information could also convey the importance information of the packets.
· Although PDU discard based on inter-PDU set dependency was mentioned, but it seems that it is not RAN function.

	#24
	In GOP, the first I-frame is considered as the most important frame, other P-frames are encoded based on the I-frame. 
…..
The importance/dependency related instructions include:
-	Allow for extended transmission for importance/reference PDU sets, i.e. importance/reference PDU set will not be dropped even if its delay exceeds PSDB for a limited time duration.
-	Drop the PDU sets if transmission of its reference PDU set is considered as failed.
-	Prioritize the transmission/retransmission of more important PDU sets in case of resource shortage.
……
RAN:
-	Optionally receive dependency information of PDU sets and dependency related instructions, identify the dependency information of GTP-U header and perform differentiated PDU Set level packet handling/treatment accordingly.
· RAN should perform the differentiated PDU set handling.

	#53
	I-frame is a complete image, which can be decoded independently. But P-frames in the same GoP only shows the changes in the image from the previous frame, which cannot be decoded without the help of the previous frames. If I-frame and the previous P-frames are not transmitted successfully, the later P-frames cannot be decoded even though they are transmitted successful. A frame that is not transmitted within PDB may be not displayed which may result in the skip of the picture, but it could also be useful for decoding other frames.
Therefore, it's meaningful to consider the dependency among PDU sets during the transmission.
……
Therefore, when the UPF decides not to retransmit a PDU set that the RAN could not transmit successfully (e.g. based on the importance of the PDU set, awareness of the RAN congestion and so on), the UPF should also drop all dependent PDU sets of the dropped PDU set, avoiding waste of RAN resources and N3 resources.
· UPF drop based on inter-PDU dependency is considered.

	#54
	14.	UE performs Uplink Packet Classification as requested in the Packet Classification policy, and labels/marks the priority in the PDCP Header to RAN; During the PDCP layer processing, when the UE has to drop some packets in the QoS flow, the packet with the low priority label in the PDCP header will be dropped firstly.
15.	RAN deals with the UL packet according to the label in the PDCP header, e.g. when it has to drop some packets in the QoS flow, the packet with the low priority label in the PDCP header will be dropped firstly. RAN performs Uplink Packet Classification corresponding to the priority in the PDCP Header, and may verify the priority in the PDCP Header with the Packet Classification policy; RAN maps the priority from PDCP header to GTP-U extension header in the uplink GTP packets.
16.	UPF deals with the UL packet according to the label in the GTP-U header, e.g. when it has to drop some packets in the QoS flow, the packet with the low priority label in the GTP-U header will be dropped firstly.
· Both UPF and RAN drop based on inter-PDU dependency are considered.


Based on the above solutions captured in SA2, it seems that PDU discard based on inter-PDU set dependency can have benefits in some cases. But it is unclear whether it is feasible to indicate the inter-PDU set dependency and even if the indication is feasible, whether the PDU drop should be only performed in UPF or only in RAN or both in UPF and RAN.
Considering the above uncertainty issues are tightly related to upper layer, RAN2 cannot make decision without any guideline from upper layer. Considering this is the last RAN2 meeting for this SI, hence, it is suggested that RAN2 can deprioritize the discussion on PDCP discard based on inter-PDU set dependency in the study item. If it happens to be justified in SA2, we can continue the discussion in the work item.
[bookmark: _Ref117857225]Proposal 1: RAN2 deprioritize the discussion on PDCP discard based on inter-PDU set dependency during study item.
PDCP discard based on intra-PDU set dependency
According to [1], the dependency within one PDU set is related to key issue #4 and key issue #5. And in the last SA2 meeting, [2] was agreed as conclusion on key issue#4 and key issue#5. It captures the following:
	8.X.1	Control plane enhancements for supporting PDU Set in downlink
8.x.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. 
Editor’s Note: the criteria for determining whether a PDU Set is successfully delivered or not are FFS 
-  PDU Set Delay Budget
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).


Based on the above description, we can see that SA2 already agreed that CN can provide the intra-PDU set dependency to RAN for a given type of DL PDU set.
Observation 1: CN provides to RAN the information whether all PDUs are needed for the usage of a DL PDU Set by application layer via the non-dynamic parameter PSII. 
This is obviously useful for handling properly the PDU discards in DL, which is left to gNB implementation. However the same information is also required for UL PDU Sets to properly handle the related PDU discarding in the UE (PDCP). But it is still FFS how the UE acquires the intra-PDU set dependency for UL PDU set. There are two possible methods:
· Option 1: UE acquires it through gNB configuration (gNB can acquire it from CN or from UE reporting);
· Option 2: UE acquires it from its upper layer (applicaton), and feedback to gNB, e.g., via UAI.
No matter which options is adopted, considering UE behavior should be controlled by gNB, hence, it is slightly preferred that gNB configures the intra-PDU set dependency to UE based on each logical channel. And we can take as baseline assumption that, similar to DL, CN provides this information to RAN.
[bookmark: _Ref117857232]Proposal 2: For UL, similar to the PSII in DL, gNB can acquire the intra-PDU set dependency from CN as a basline, for each PDU Set type. 
[bookmark: _Ref117857235]Proposal 3: For UL, whether PDCP discard based on intra-PDU set dependency is allowed can be configured by gNB for each logical channel. 
Based on the above, the PSII indicates that any lost PDU of a PDU Set results in discarding all other leftover PDUs of the PDU set. Then the next question is whether, for DL and UL, any more flexible granularity of lost PDUs is needed for triggering this “group-discard”, e.g. if X% of the PDUs of the PDU Set would be lost. This is the sense of the potential relation with the AL-FEC, left open in last e-meeting (Section 1). On this matter, SA4 had a clear reply to SA2 in their latest LS [3]:
	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.


We think this closes the discussion.
[bookmark: _Ref118446808]Proposal 4: RAN2 do not consider anymore that “a certain number” of lost PDUs results in discarding all other leftover PDUs of the PDU set: when PSII is configured, the first lost or discarded PDU will result in discarding all other leftover PDUs of the PDU set.  
[bookmark: _Ref118191670]Proposal 5: RAN is AL-FEC agnostic. 
Detailed solutions of PDU discard based on intra-PDU set dependency
Based on the agreements in last RAN2 e-meeting (Section 1), we should further discuss how to maintain the PDCP discard timer. There are mainly two solutions:
· Option 1: One PDCP discard timer for one SDU (legacy).
· Option 2: One PDCP discard timer for one PDU set.
Which one is adopted depends on whether all PDCP SDUs belonging to a PDU set arrive at the same time or not. If they are arrived simultaneously, the effects of the two options are the same and Option 1 can be adopted without specification effort. Even if they do not arrive simultaneously, Option 1 can also be adopted with some more complex behavior, i.e. with phased timers: the discard timer of the first arrived PDU, say T1, is started from zero, then the discard timers of the 2nd,  3rd, etc, arrived PDUs, say T2, T3, etc, are started from an initial value equal to the value of T1 at the time of arrival of the 2nd,  3rd, etc, PDU, see Figure 1. Considering it is complex, a single timer at PDU set level would be preferable in that case.


[bookmark: _Ref118125651]Figure 1: Phased PDU timers, or single PDU-set level timer for handling consecutive arrivals of PDUs of the same PDU Set.
[bookmark: _Ref117857239]Proposal 6: Whether the principle of a PDCP discard timer per SDU (as in legacy) is kept or a new PDCP discard timer at PDU Set level is introduced depends on whether all PDCP SDUs belonging to a PDU set arrive at the same time or not. This can be solved in the WI phase.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: RAN2 deprioritize the discussion on PDCP discard based on inter-PDU set dependency during study item.
[bookmark: _GoBack]Proposal 2: For UL, similar to the PSII in DL, gNB can acquire the intra-PDU set dependency from CN as a basline, for each PDU Set type.
Proposal 3: For UL, whether PDCP discard based on intra-PDU set dependency is allowed can be configured by gNB for each logical channel. 
Proposal 4: RAN2 do not consider anymore that “a certain number” of lost PDUs results in discarding all other leftover PDUs of the PDU set: when PSII is configured, the first lost or discarded PDU will result in discarding all other leftover PDUs of the PDU set.
Proposal 5: RAN is AL-FEC agnostic.
Proposal 6: Whether the principle of a PDCP discard timer per SDU (as in legacy) is kept or a new PDCP discard timer at PDU Set level is introduced depends on whether all PDCP SDUs belonging to a PDU set arrive at the same time or not.
The corresponding TP is attached in the Annex based on RAN2#119bis-e post email agreed TR [4].
[bookmark: _Ref69910645]References
[1]. [bookmark: _Ref114562407][bookmark: _Ref114745453][bookmark: _Ref117842454][bookmark: _Ref117842387][bookmark: _Ref115340342][bookmark: _Ref115270674][bookmark: _Ref109054991][bookmark: _Ref114672521]TR23.700-60-110   Study on XR (Extended Reality) and media services (Rel-18)
[2]. [bookmark: _Ref118190992]S2-2209938  KI#4&5: Evaluation and Conclusion
[3]. [bookmark: _Ref118122876]S4aV220921, Reply LS on further details on XR traffic, SA4
[4]. [bookmark: _Ref118187649]R2-2210814  TR 38.835
Annex
-----------------------------------------------Text Proposal-----------------------------------------------------------
[bookmark: _Toc117275305]5.1	    XR Awareness
[bookmark: _Toc117275306]5.1.1	     General
In both uplink and downlink, XR-Awareness contributes to optimizations of gNB radio resource scheduling and relies at least on the notions of PDU set and Data Burst (see TR 23.700-60 [9]): 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), while a Data Burst is a set of data PDUs generated and sent by the application in a short period of time.
NOTE:	A Data Burst can be composed of multiple PDUs belonging to one or multiple PDU Sets.
In order to handle PDUs efficiently in both UL and DL, the following information would be useful:
Semi-static information provided by the CN:
-	The PDU-Set Delay Budget (PSDB);
-	The PDU-Set Error Rate (PSER);
-     The PDU-Set Integrated Indication (PSII);
-	Traffic parameters (e.g. periodicity);
-	Jitter information (e.g. range).
Dynamic information:
-	The PDUs belonging to a PDU set (this includes the means to determine at least the PDU set boundaries);
-	The PDUs belonging to a Data Burst.
When all certain number of PDUs of a PDU set are known to be required by the application layer to use the corresponding unit of information (for instance due to the absence or limitations of error concealment techniques, see TR 26.926 [6]), as soon as onethe number of PDUs known to be lost exceeds this number, the remaining PDUs of that PDU set are no longer needed by the application and may be subject to discard operation (see subclause 5.3.2).This is regarded as intra-PDU set dependency and is characterized by the parameter PDU Set Integrated Indication (PSII). CN will send PSII to gNB to indicate the intra-PDU set dependency for DL, and as a baseline for UL as well.
NOTE 1:	This depends on the application and it cannot always be assumed that the remaining PDUs and/or dependent PDU sets are not useful and can safely be discarded.
NOTE 2:	In case of Forward Error Coding (FEC), active discarding of PDUs when assuming that a large enough number of packets have already been transmitted for FEC to recover without the remaining PDUs is not recommended as it might trigger an increase of FEC packets (see S4aV220921 [14]).
NOTE3:   Inter-PDU set dependency is deprioritized in this release unless SA2 justifies it.
……

[bookmark: _Toc117275313]5.3.2	Layer 2 Enhancements
In order to enhance the scheduling of uplink resources for XR, the following improvements are envisioned:
-	New BS table(s) to reduce the quantisation errors in BSR reporting (e.g. for high bit rates);
-	Delay knowledge of buffered data, consisting of at least remaining time, and distinguishing how much data is buffered for which delay.
Editor's Note: FFS if dynamic reporting of the uplink delay (e.g. via BSR) is needed, or whether PSDB is sufficient.
Furthermore, when, PSII indicates intra-PDU set dependency for a PDU set, the number of when at least one PDUs is known to either be lost or associated to discarded SDUs, exceeds a threshold (see subclause 5.1.1), all remaining PDUs of that PDU set could be discarded at the transmitter to free up radio resources. The PDU discard should be performed per PDU set basis based on PDCP discard timer. The details of the PDCP discard timer maintenance can be left to stage 3.
NOTE: this means that the granularity of the discard operation at PDCP in the transmitter should be the PDU set.
Editor's Note: the discard operation could also be captured in 5.2.2. 



7
R2-2211439
oleObject1.bin
Text


PDU 1


PDU 2


PDU 3


PDU N


PSDB


One PDU Set level timer


tinit = 0


T1


tinit = 0


T2


tinit = t2(T1)


T3


tinit = t3(T1)


t2(T1)


t3(T1)


PDU level timers


PDU Set



image1.emf
PDU 1 PDU 2 PDU 3 PDU N

PSDB

One PDU Set level timer

t

init

= 0

T

1

t

init

 = 0

T

2

t

init

= t

2

(T

1

)

T

3

t

2

(T

1

) t

3

(T

1

)

t

init

= t

3

(T

1

)

PDU level 

timers

PDU Set


