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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The XR WID was updated in [1] in RAN plenary #99-e and the objectives associated with XR awareness have been agreed as follows:
	Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);


This contribution addresses the above points where RAN2 is involved, leveraging the latest SA2 specification updates [4]-[6] as well as RAN SI TR 38.835 [2], to analyze the next level of details.
Discussion
1.1. XR UL traffic assistance information
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, because this is already provided to RAN by CN (TS23.501 clause 5.37.4.X.1 [6]):
	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.


Observation 1: SA2 already concluded that the XR burst periodicity of a QoS flow is provided at QoS flow level in TSCAI/TSCAC for both DL and UL QoS flows.
However, similar to DL, the question is whether a Jitter Information associated with each periodicity is useful to have at the gNB. In RAN2#121, RAN2 agreed that UL XR traffic may experience jitter. But some companies doubt on the usefulness of this information to be provided to gNB: 
	RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 
RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.


Moreover, to be more quantitative, published studies [13] have categorized the range of such jitter on known encoders implemented on a given hardware and showing, for example, a jitter on encoded frames in the range 5ms for an NVIDIA NVENC H.264 encoder. This is further evidence that UL jitter exists for frames arrival at the UE input, independently of tethering usecase. This value is also confirmed by RAN1 XR traffic models [3] derived from trace information provided by SA4. 
Observation 2: UL jitter on encoded frames can be in the range 5ms at the encoder output, i.e. independently of tethering usecase.
On the question whether such UL Jitter can be of any use at gNB (on top of periodicity), considering the UL jitter range we see at least two cases where it is useful:
· Configuring the periodicity and on-duration of DRX
· Configuring the periodicity and spread of the multiple CG occasions of the enhanced CG
There might be further uses that are anyways left to gNB implementation.
Observation 3: Considering the UL Jitter range (5ms) such information is useful for the gNB to configure DRX and enhanced CGs.
From the WID presentation of this issue it is implicit that such information is derived by the UE. For DL jitter, SA2 agreed that the jitter measurement is performed by UPF, by implementation, for each configured periodicity. Similarly, UL jitter measurement should be left to UE implementation and reported to gNB via UAI, for each configured periodicity.
Proposal 1: For each configured periodicity of UL XR video bursts, the UL jitter on packets arrival times is measured by the UE (by implementation) and reported to gNB as UAI.   
SA2 agreed that for DL XR traffic, no burst arrival time (BAT) would be provided in TSCAI, only the Jitter Information. SA2 has not yet progressed the encoding details, but it could be guessed that the Jitter Information would be provided as a BAT interval [Tmin – Tmax]. Anyways, we would recommend that RAN2 follows the same Jitter Information characterization as SA2, whenever concluded.
Proposal 2: As a baseline, RAN2 reuses the same Jitter Information characterization as SA2, whenever concluded.
We believe there is also some required UE assistance information associated with the agreed PSER requirement specified by SA2 in TS23.501 as follows [4]:
	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). 
NOTE1:	In this release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully. 
A QoS Flow is associated with only one PDU Set Error Rate. 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.
Editor's Note: The PSER definition may be subject to change if RAN2 provides any feedback on that.


From the above, it is clear that the PSER applies to both DL and UL QoS flows. In legacy, the BLER target is derived from the QFI’s max packet loss rate and we assume the PSER could similarly be involved for setting/adjusting the target BLER over Uu. 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 gNB cannot track the PSER in UL. Hence, UE should maintain the UL PSER measurement and feedback this information (based on PSER threshold) to gNB that can make use of it for adapting the UL BLER accordingly, or any other action. Alternately, the UE could autonomously trigger PDCP duplication in UL upon reporting a PSER above a threshold.
Observation 4: In DL, gNB has all information to measure/monitor the actual PSER and set/adapt the DL BLER to meet the target PSER. No specification impact is foreseen.
Proposal 3: UE should maintain the UL PSER measurement and feedback this information to gNB.
Proposal 4: RAN2 discusses UE autonomously triggering PDCP duplication upon reporting PSER above a threshold. 
1.2. Missing DL information from CN
The SA2 stage 2 specification TS23.501 was updated in SA2#155 to implement the latest SA2 status on DL XR traffic information provided to RAN, namely:
· DL QoS flow level PDU Set specific QoS characteristics (PSDB, PSER, PSIHI), clause 5.7.X of  TS23.501 [4], sent by SMF as part of QoS profile
· PDU Set information (sequence number, end of PDU Set, PSI, etc…) clause 5.37.x.2 of  TS23.501 [5] , in GTP-U header
· XR traffic burst information (clause 5.37.4.X of  TS23.501 [6]): periodicity and N6 Jitter Information associated with Periodicity (in TSCAI) and End of Data Burst Indication, in GTP-U header.
All above information items are useful for gNB to enforce the XR QoS requirements at both PDU Set and QoS flow levels, but also to enable power saving in the UE. However, we see the need for the following additional information from CN for completeness.
1.2.1 In/out of order delivery
In their Reply LS on PDU Set handling [7], 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. 


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2, some companies understand that CN would simply select the “111” mapping alternative [2] (one-to-one mapping between types of PDU Sets and QoS flows and one-to-one mapping between QoS flows and DRBs) when out-of-order delivery is not required. However, this would assume that CN maps different PDU set types of the same DL XR traffic stream onto different QoS flows. Such possibility has never been mentioned in any SA2 LS, and is captured neither in SA2 TR [8] nor in any agreed CR on TSs 23.501 or 23.502, although this would be a clear departure from the legacy CN mapping rules.
Observation 5: RAN2 cannot assume that CN would use the “111” mapping alternative when in-order delivery is not 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 [8]. However, for any given QoS flow, RAN should be made aware of it to properly configure outOfOrderDelivery. 
Proposal 5: RAN2 expresses the need to SA2/SA4 for a new parameter indicating when in-order delivery is not required for a QoS flow.
1.2.2 Packet discard based on PSDB
The latest SA2 definition of the PSDB is captured in TS23.501 as follows [4]:
	5.7.X.2 PDU Set Delay Budget 
[bookmark: _Hlk124845744][bookmark: _Hlk124845759]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. 
[bookmark: _Hlk124764114]NOTE 1:	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 behavior when the SLA is not fulfilled is implementation specific and 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. 
[bookmark: _Hlk124846586]When the PSDB is available, the PSDB supersedes the PDB. 
[bookmark: _Hlk125046007]Editor's Note: The need for AN PSDB and definition of AN PSDB is FFS.


In their reply LS on PDU Set handling [7], 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), we need a configuration parameter controlling the PDCP PDU Set discard timer for a given UL flow e.g. discardOutdatedPDU-Set. RAN would discard the PDU Sets exceeding the PSDB only when discardOutdatedPDU-Set is set. The same applies to DL. Note that this configurability is already captured in the TR [2] 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 [9] 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 [4]:
	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.


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 is does not mean late PDU Sets should not be delivered.
Observation 6: 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 7: PSIHI does not control if a PDU Set can be discarded if it exceeds its PSDB.
One could also think that such configurability is controlled by the PSDB parameter itself. However, we think PSDB could be configured to the UE for other purpose but the PDCP discard timer, for example to compute the remaining time for a PDU Set and report it to gNB (already agreed to be supported in RAN2) to assist UL scheduler. This is also SA2’s assumption, see above.
Observation 8: 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 parameter controlling the discard operation.
The below Table clarifies our view on the 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. It takes into account the latest SA2 agreement that PDB and PSDB cannot be configured together. 
Table 1: UE behaviour on UL PDUs and PDU Sets based on PSDB, PSIHI, and discardOutdatedPDU-Set in steady state (no congestion)
	
	PSDB not configured
	PSDB configured

	PSIHI = 0
	Legacy: if PDCP discard timer is configured, PDCP PDUs exceeding PDB are discarded
	New PDCP timer, if configured at PDU set level.
If discardOutdatedPDU-Set is configured, all PDUs of a PDU Set are discarded whenever the above PDCP timer expires.

	PSIHI = 1
	All PDUs of a PDU set are discarded whenever:
· Any PDU of the PDU Set is lost due to max nb of HARQ ReTx reached in RLC UM
· Any PDU of the PDU Set is discarded by above PDCP discard timer, if  configured 
	Same as above +
· All PDUs of a PDU set are discarded whenever any PDU is lost due to max nb of HARQ ReTx reached in RLC UM


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 6: 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.
1.2.3 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 7: 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).
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Observation 1: SA2 already concluded that the XR burst periodicity of a QoS flow is provided at QoS flow level in TSCAI/TSCAC for both DL and UL QoS flows.
Observation 2: UL jitter on encoded frames can be in the range 5ms at the encoder output, i.e. independently of tethering usecase.
Observation 3: Considering the UL Jitter range (5ms) such information is useful for the gNB to configure DRX and enhanced CGs.
Proposal 1: For each configured periodicity of UL XR video bursts, the UL jitter on packets arrival times is measured by the UE (by implementation) and reported to gNB as UAI.   
Proposal 2: As a baseline, RAN2 reuses the same Jitter Information characterization as SA2, whenever concluded.
Observation 4: In DL, gNB has all information to measure/monitor the actual PSER and set/adapt the DL BLER to meet the target PSER. No specification impact is foreseen.
Proposal 3: UE should maintain the UL PSER measurement and feedback this information to gNB.
Proposal 4: RAN2 discusses UE autonomously triggering PDCP duplication upon reporting PSER above a threshold. 
Observation 5: RAN2 cannot assume that CN would use the “111” mapping alternative when in-order delivery is not required.
Proposal 5: RAN2 expresses the need to SA2/SA4 for a new parameter indicating when in-order delivery is not required for a QoS flow.
Observation 6: 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 7: PSIHI does not control if a PDU Set can be discarded if it exceeds its PSDB.
Observation 8: 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 parameter controlling the discard operation.
Proposal 6: 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.
Proposal 7: 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).
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