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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121bis-e, enhancements for XR awareness were discussed resulting in the following agreements and leftover issues:
	3.	UE can report jitter information associated to UL XR traffic. How UE derives this jitter is left up to implementation (similarly as it is captured by SA2 for the jitter associated with the periodicity in DL. FFS what exactly is reported to the RAN (aim to have similar information as for DL). FFS on UL traffic data arrival reporting.
FFS on whether EoDB signalling is needed.


Besides, RAN2 received a new LS from SA4 asking some questions on “the feasibility and value of having additional signaling bits related to End of Burst and inter-burst time within Rel-18” [1].
This contribution addresses the above leftover issues from RAN2 agreements, the SA4 LS, as well as some other issues that we believe should also be discussed.
Discussion
1.1. UL jitter information and other UL data arrival reporting
1.1.1 Periodicity
The WID objective on UL traffic assistance information is: “Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information”.
As a first remark, we think the UE does not need to estimate and report the UL XR traffic periodicity, when it is already provided to RAN by CN (TS23.501 clause 5.37.8.1 [9]):
	The following traffic assistance information may be provided by the CN to NG RAN in order to configure UE power saving management scheme for connected mode DRX:
-	UL and/or DL Periodicity;
-	N6 Jitter Information associated with the DL Periodicity;
-	Indication of End of Data Burst.


Note that, it is possible that AF does not provide the UL periodicity to NEF/PCF, but in that case, SMF can still request UPF to measure it [2]. And in such case, it is assumed that SMF would provide it to RAN. However in the case where neither AF nor UPF provide this UL periodicity, RAN could request the UE to measure and report it. 
Proposal 1: In the case where CN does not provide the UL periodicity information to RAN for a QoS flow, RAN should be able to request the UE to measure it and report this information to RAN.
1.1.2 Jitter
SA2 agreed that for DL XR traffic, no burst arrival time (BAT) would be provided in TSCAI, only the Jitter Information. SA2/CT4 have not yet progressed the encoding details in TSCAI, but it could be guessed that the Jitter Information would be provided as the time variation of the periodicity (e.g. -5ms to 6ms). Anyways, we would recommend that RAN2 follows the same Jitter Information characterization for UL as in DL, whenever concluded in CT4. And in terms of reporting mechanism, we expect such jitter measurements to provide medium to long-term statistics of the above arrival time interval, rather than being dynamic. Therefore the legacy UAI framework can be reused. 
Proposal 2: For each configured/identified burst periodicity of an UL QoS flow, the UL jitter is reported to gNB as UAI and reuses, as a baseline, the same Jitter Information characterization as used for DL in TSCAI.   
1.1.3 End of data burst
SA2 agreed that such information is provided dynamically by CN to RAN in the GTP header for DL bursts. According to proponents [3][4], the aim of UE also indicating dynamically to gNB the end of a data burst in UL is to “allow network to terminate DRX active time early after it has received both DL and UL end of burst indications”. However this assumes that network configured the DRX on-duration considering both UL and DL bursts. And this only makes sense if such bursts are somehow aligned but, in RAN1#110, RAN1 had the following agreement [6]:
	Conclusion 
UE transmission and reception alignment for Issue 3-1 is deprioritized for power saving in Rel-18 XR SI.


As a result, it should not be expected that the UL and DL bursts of the XR video streams are nicely aligned, when designing DRX enhancements. On the other hand, CG enhancements are being designed in RAN1 specifically to address the variability in arrival time and size of UL XR traffic. Therefore, since CGs are DRX agnostic, it can be considered that no DRX Active Time adjustment by gNB is foreseen in support of UL XR traffic, and the end of data burst report is no needed. Note this does not mean UE does not use such information to indicate e.g. unused CGOs in enhanced CGs, but it does not need to be reported explicitly to gNB.
Proposal 3: UE does not report explicitly UL EOB to gNB.   
1.2. Other missing information
1.2.1 [bookmark: _Ref134631670]Packet discard based on PSDB
The latest SA2 definition of the PSDB is captured in TS23.501 as follows [7]:
	5.7.7.2	PDU Set Delay Budget
The PDU Set Delay Budget (PSDB) defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. the duration between the reception time of the first PDU (at the N6 termination point for DL or the UE for UL) and the time when all PDUs of a PDU Set have been successfully received (at the UE for DL or N6 termination point for UL). PSDB applies to the DL PDU Set received by the PSA UPF over the N6 interface, and to the UL PDU Set sent by the UE.
NOTE:	To enable support for PSDB, it is required that a maximum inter arrival time between the first received PDU and the last received PDU of a PDU Set complies with SLA. This maximum inter arrival time does not exceed PSDB. NG-RAN behaviour when the SLA is not fulfilled is out of scope of this specification.
A QoS Flow is associated with only one PDU Set Delay Budget. The value of the PDU Set Delay Budget is the same in UL and DL. PSDB is an optional parameter that may be provided by the PCF. The provided PSDB can be used by the NG-RAN to support the configuration of scheduling and link layer functions.
When the PSDB is available, the PSDB supersedes the PDB for the given QoS Flow. 
Editor's note:	The need for AN PSDB and definition of AN PSDB is FFS.


In their reply LS on PDU Set handling [10], SA4 wrote:
	With regards to the PSDB, the SA4 assumes the PDU Set reception will happen within the PSDB target. However, the delivery of late PDU Sets may still be useful in some cases.


To distinguish both cases (discard / not discard late PDU Sets), we need a configuration parameter controlling the PDCP PDU Set discard timer for a given QoS flow e.g. discardOutdatedPDU-Set. RAN would discard the PDU Sets exceeding the PSDB only when discardOutdatedPDU-Set is set. Note that this configurability is already captured in the TR [5] as follows:
	For PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.


Note also that this behavior is not necessarily associated with a congestion state, since discarding useless UL PDUs is always beneficial to the UE, power wise, and to the network, spectral efficiency wise, when allowed. PSI-based discarding during congestion is discussed in our contribution [12] to AI 7.5.4.2.
Some companies think this is already controlled by the QoS parameter PSIHI. However, the latest SA2 definition of the PSIHI is as follows [7]:
	5.7.7.4	PDU Set Integrated Handling Information
The PDU Set Integrated Handling Information (PSIHI) indicates whether all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side. PSIHI is an optional parameter.


Above definition, as well as TR text above, clarify the “block discarding” behavior of a PDU Set when PSIHI is set, but clearly say nothing about discarding a PDU Set if it exceeds its PSDB. Specifically, PSIHI can be set so that RAN only delivers complete PDU Sets over Uu, but it does not mean late PDU Sets should not be delivered, see Figure 1.


[bookmark: _Ref134519975]Figure 1: PDU Set discard behaviours with PSIHI = 1, depending on discardOutdatedPDU-Set
Observation 1: PSIHI can be set so that RAN only delivers complete PDU Sets over Uu, but it does not mean late (but complete) PDU Sets should not be delivered.
One could also think that such configurability is controlled by the PSDB parameter itself. However, we think PSDB could be configured to RAN for other purpose but the PDCP discard timer, for example to configure the UL and DL schedulers to meet a target latency budget, and/or enabling the UE in computing/reporting the remaining time for a PDU Set (already agreed to be supported in RAN2) to assist UL scheduler. This is also SA2’s assumption, see above.
Observation 2: PSDB can be useful to RAN for other purpose but the discarding operation (e.g. scheduler and/or remaining time reporting) and so cannot be considered as the only CN parameter controlling the discard operation.
Proposal 4: RAN2 expresses the need to SA2/SA4 for a new parameter, e.g. discardOutdatedPDU-Set, to control whether to discard or not PDU Sets exceeding the PSDB outside congestion.
Finally, it now appears from SA2 specification that the PDU Set QoS parameters are optional and come on top of the legacy 5QI, meaning PSDB, when configured for a QoS flow, comes in addition to the legacy PDB. However, SA2 clarified the precedence of PSDB over PDB as follows: “When the PSDB is available, the PSDB supersedes the PDB for the given QoS Flow”. And it was further clarified in SA2#156-e that “If the UPF receives a PDU that do not belong to a PDU Set based on Protocol Description for PDU Set identification, then the UPF still maps it to a PDU Set (e.g. it could be a PDU Set with just that PDU)” [8]. Meaning a QoS flow only performs PDU Set based QoS handling using {PSER, PSDB and PSIHI} and all PDUs (even single PDUs) are associated with a PDU Set.
Observation 3: SA2 agreed that a QoS flow only performs PDU Set based QoS handling using {PSER and/or PSDB and/or PSIHI} and all PDUs therein are associated with a PDU Set.
Therefore, from RAN perspective, when PSDB is configured, RAN ignores the PDB requirement from the 5QI. 
Proposal 5: When CN configures PSDB, RAN ignores the PDB requirement from the 5QI.
The below Table clarifies our view on RAN and UE behavior in steady state (no congestion) regarding the discarding of PDUs and PDU Sets, depending on the parameters PSIHI, PDSB and (new) discardOutdatedPDU-Set. 
Table 1: RAN/UE behaviour on PDUs and PDU Sets based on PSDB, PSIHI, and discardOutdatedPDU-Set in steady state (no congestion)
	
	PSDB not configured (PDB applies)
	PSDB configured (PDB is disregarded)

	PSIHI = 0
	Legacy behavior of PDCP discard timer (if configured)
	No discard (irrespective of discardOutdatedPDU-Set)

	PSIHI = 1
	All PDUs of a PDU set are discarded whenever:
· Any PDU of the PDU Set is lost (e.g. consecutive HARQ ReTx failures in RLC UM)
· Any PDU of the PDU Set is discarded by above PDCP discard timer, if  configured 
	If discardOutdatedPDU-Set is configured:
· all PDUs of a PDU Set are discarded whenever a PDU Set cannot be delivered within the PSDB (including lost PDU);
Otherwise:
· all PDUs of a PDU set are discarded whenever any PDU is lost (e.g. consecutive HARQ ReTx failures in RLC UM)


1.2.2 PSER related
The latest normative text from SA2 in TS23.501 on PSER was agreed in SA2#156-e in [7]:
	[bookmark: _Toc131516523]5.7.7.3	PDU Set Error Rate
The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related PDU Set losses.The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).
NOTE 1:	In this Release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully. 
NOTE 2:	How RAN enforces PSER is up to RAN implementation.
A QoS Flow is associated with only one PDU Set Error Rate. PSER is an optional parameter. If the PSER is available, the usage of PSER supersedes the usage of PER. The value of the PDU Set Error Rate is the same in UL and DL.



From the above, it is clear that the PSER applies to both DL and UL QoS flows. Moreover, it was already agreed that PSER enforcement is fully left to gNB implementation, e.g. by adapting the DL and UL BLER accordingly (or any other action) based on the measured DL and UL PSER. We note though that in DL, gNB has all information to measure/monitor the PSER and set/adapt the DL BLER accordingly. But in UL, RAN2 agreed no in-band marking in support of PDU Set identification over Uu. In other words, the gNB has no clue about PDU Sets it receives in UL, it only sees PDUs. Therefore, in the current state of the design, gNB cannot track the PSER in UL. We analyze below the missing information at either the gNB or the UE when the PSER is measured at the gNB or at the UE, respectively.
· Option 1: UE performs the UL PSER measurement and feeds back this information to gNB
As defined by SA2, “In this Release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully”. Clearly UE has full knowledge of which PDUs belong to each UL PDU Set and can easily monitor the relative amount of transmitted PDU Sets vs those that are discarded by PDCP due to PSDB timer expiry. However, when either the PSIHI is not set or the UL QoS flow is configured to keep transmitting late PDU Sets (even if they exceed the PSDB, see Section 2.2.1), then PDU losses are no longer due to the discard timer, but simply gNB giving-up on the HARQ retransmissions, see Figure 1. Since in NR, the number of HARQ retransmission attempts is in full control of the gNB for each PDU, then there is no such thing as a maximum number of HARQ retransmissions UE could assume to assess whether a PDU is lost or got it successfully over Uu. In such case UE misses this information for properly assessing when a PDU (hence PDU Set) was successfully received or failed.
Observation 4: For properly measuring the PSER, when either the PSIHI is not set or the UL QoS flow is configured to keep transmitting late PDU Sets, the UE needs the network to inform it about the lost PDUs (for which it gave-up on the retransmissions). 
· Option 2: gNB performs the UL PSER measurement
For properly measuring the PDU Sets success rate in UL, gNB would need to know:
· The association of each PDU to each PDU Set (note the “end of PDU Set” information is not sufficient considering different PDU Sets could be overlapped on Uu e.g. due to HARQ retransmissions)
· The information about the PDUs / PDU Sets the UE discarded due to PDCP timer
UE reporting the latter information is being discussed as part of the discard functionality (A.I 7.5.4.2), however it is clear that UE reporting the former information would be overkill, overhead-wise and would revert the agreement from the SI that no in-band marking is supported in UL.
Observation 5: For gNB to properly measure the UL PSER, it should be made aware of the association of each UL PDU to each PDU Set (which means “in-band marking”) and of the timer-based discarding of PDU Sets by the UE. 
Clearly, comparing the impact of both options, it is much simpler if the UL PSER is measured at the UE. 
Proposal 6: UE should maintain the UL PSER measurement and feedback this information to gNB.
1.2.3 In/out of order delivery
In their Reply LS on PDU Set handling [10], SA4 replies the following on the in-sequence delivery requirement:
	In-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer (i.e. latency that might be caused by the lower layers at the receiver side having to buffer and re-order packets before delivery to the RTP layer). Some codecs can take advantage of packets being delivered as soon as they are received at the lower layers (even if out-of-order). The SRTP/RTP receiver can perform re-ordering if needed.


From this answer we understand that some codecs prefer in-sequence delivery and some codecs prefer not, where in the latter case SA4 relies on the RTP protocol to re-order the IP packets. This understanding was confirmed by RAN2 as follows:
	SA4 feedback indicates in-order delivery is not always required. 


It should be noted that keeping the L2 structure unchanged, as agreed in RAN#121, leaves the flexibility to serve XR PDUs in-sequence or out-of-order, by simply configuring the legacy PDCP parameter outOfOrderDelivery [11]. However, for any given QoS flow, RAN should be made aware of it to properly configure outOfOrderDelivery. 
Proposal 7: RAN2 expresses the need to SA2/SA4 for a new parameter indicating when in-order delivery is not required for a QoS flow.
1.2.4 AN PSDB
As can be seen above in SA2 PSDB definition, the PSDB is currently defined between the UE and the UPF, similar to the legacy 5QI packet delay budget (PDB), and SA2 question the need for a definition at the Uu interface level (AN-PSDB). Indeed, the PSDB can only be useful to RAN if it reflects the maximum delay budget over the air interface. In legacy specification, different notes in the 5QI table (Table 5.7.4-1 of TS 23.501) already characterize the CN-PDB to be subtracted from the 5QI PDB to get the packet delay budget that applies to the radio interface. So we expect the same should be done for the PSDB.
Proposal 8: Similar to the 5QI PDB, SA2 should provide a mean for RAN to convert the PSDB into the equivalent delay budget over the air-interface (AN PSDB).
1.3. New SA4 LS
The SA4 LS [1] asks both SA2 and RAN2 to provide feedback on two indications they envision to provide in the new RTP header extension of the last PDU of the data burst PDU delivered (in DL) to the UPF over N6: the End of Data Burst (EoB) indication and the inter-burst time.
· End of Data Burst
SA2 has already concluded that the EoB would be provided to RAN in GTP header, so our understanding is that the related question to SA2 is whether it helps UPF to receive this info explicitly in the RTP header, which we believe is yes, but is left to SA2 to answer. Now SA4 asks RAN2 about the feasibility and value of this field. Again, SA2 has not identified a problem so far in detecting the EoB and providing it to RAN. Now on the value, we believe it is useful information for RAN as it allows gNB to send UE to sleep (e.g. DRX Command MAC CE) early upon receiving the EoB indication. It was discussed in SA2 whether it is an issue if the EoB is not 100% reliable i.e. sometimes it may be missing and sometimes it might not actually be the last PDU of the burst. We think from RAN2 perspective, it is not a big issue because:
· an early EoB may result in gNB to send UE to sleep too early, but the late PDU coming after that will still make it, but later. Since this is all left to gNB implementation, it could as well be that gNB will not send the UE to sleep right away upon receiving the EoB, but will take some pad, so no issue at all.
· a lost EoB will result in gNB not sending the UE to sleep early, so it will result in UE consuming slightly more power in that case.
But for the majority of cases where the EoB is received correctly as the last PDU of the burst, the benefits for RAN are useful, so RAN2 still sees a benefit for receiving this information.
Proposal 9: RAN2 replies to SA4 that there is value in receiving the EoB indication, even considering the rare cases when it is missing or is not the last PDU of the burst.
· Inter-burst time
First, the inter-burst time indication should be understood as “an update of the expected average burst periodicity” rather than “an instantaneous value i.e. the exact time to the next burst”, because it is not realistic that the application provides such dynamic information, and may even be able to predict it instantaneously. That being clarified, again, such information could be useful for UPF to know and SA2 can comment/reply on this. But from RAN2 perspective, we would assume we will still have the final and comprehensive semi-static information cooked by CN about the burst periodicity and associated jitter on N6, which will be useful for RAN to configure the DRX parameters.
Proposal 10: RAN2 confirms to SA2/SA4 that there is value in being aware of the XR burst periodicity and associated jitter on N6, in the form of a semi-static information as specified in TS23.501, but leaves it to SA2 to assess the benefit of receiving such indication in the new RTP header extension of the last PDU of the data burst.
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Proposal 1: In the case where CN does not provide the UL periodicity information to RAN for a QoS flow, RAN should be able to request the UE to measure it and report this information to RAN.
Proposal 2: For each configured/identified burst periodicity of an UL QoS flow, the UL jitter is reported to gNB as UAI and reuses, as a baseline, the same Jitter Information characterization as used for DL in TSCAI.   
Proposal 3: UE does not report explicitly UL EOB to gNB.   
Observation 1: PSIHI can be set so that RAN only delivers complete PDU Sets over Uu, but it does not mean late (but complete) PDU Sets should not be delivered.
Observation 2: PSDB can be useful to RAN for other purpose but the discarding operation (e.g. scheduler and/or remaining time reporting) and so cannot be considered as the only CN parameter controlling the discard operation.
Proposal 4: RAN2 expresses the need to SA2/SA4 for a new parameter, e.g. discardOutdatedPDU-Set, to control whether to discard or not PDU Sets exceeding the PSDB outside congestion.
Observation 3: SA2 agreed that a QoS flow only performs PDU Set based QoS handling using {PSER and/or PSDB and/or PSIHI} and all PDUs therein are associated with a PDU Set.
Proposal 5: When CN configures PSDB, RAN ignores the PDB requirement from the 5QI.
Observation 4: For properly measuring the PSER, when either the PSIHI is not set or the UL QoS flow is configured to keep transmitting late PDU Sets, the UE needs the network to inform it about the lost PDUs (for which it gave-up on the retransmissions). 
Observation 5: For gNB to properly measure the UL PSER, it should be made aware of the association of each UL PDU to each PDU Set (which means “in-band marking”) and of the timer-based discarding of PDU Sets by the UE. 
Proposal 6: UE should maintain the UL PSER measurement and feedback this information to gNB.
Proposal 7: RAN2 expresses the need to SA2/SA4 for a new parameter indicating when in-order delivery is not required for a QoS flow.
Proposal 8: Similar to the 5QI PDB, SA2 should provide a mean for RAN to convert the PSDB into the equivalent delay budget over the air-interface (AN PSDB).
Proposal 9: RAN2 replies to SA4 that there is value in receiving the EoB indication, even considering the rare cases when it is missing or is not the last PDU of the burst.
Proposal 10: RAN2 confirms to SA2/SA4 that there is value in being aware of the XR burst periodicity and associated jitter on N6, in the form of a semi-static information as specified in TS23.501, but leaves it to SA2 to assess the benefit of receiving such indication in the new RTP header extension of the last PDU of the data burst.
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