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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss XR traffic assistance information from UE to network and the usage of various PDU Set QoS parameters and PDU Set information in RAN.
Discussions 
On XR traffic assistance information from UE to network
RAN2 has agreed that UL jitters may be present for XR [1]. Therefore, it may be beneficial for the UE reporting, to the gNB, e.g., via the UAI, information about the UL jitters, such as statistics or range of the jitters measured over a period (FFS: whether the jitters are measured at the PDCP entity, before the PDCP processing, or at the RLC entity, after the PDCP processing). The gNB may use such information to better schedule CG PUSCH-Os for the UE. If configured, the UE’s report should be subject to the control of the gNB, e.g., activation/deactivation, a threshold to report, and a prohibit timer to avoid excessive reporting, like most legacy UAIs.
Proposal 1. XR UEs may report to the serving gNB, e.g., via the UAI, information about the UL jitters. If configured, the UE’s report is subject to the control of the gNB, including activation/deactivation, a threshold to report, and a prohibit timer to avoid excessive reporting. 
On the use of PDU Set QoS parameters in RAN 
On the use of PDU Set Delay Budget (PSDB)
The PSDB defines the 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 [2]. Instead of (or in addition to) this E2E PSDB, NG-RAN may benefit more from knowing the AS PSDB allocated for data transfer between the XR UE and the gNB. RAN2 may initiate an LS activity with SA2 to clarify whether the PSDB that NG-RAN receives from the SMF is the E2E PSDB or the AS PSDB, and to request (or work with) SA2 to come up with a solution to obtain the AS PSDB for NG-RAN. 
The AS PSDB may be used in the following ways:
· For scheduling purpose, the gNB uses the (DL and UL) AS PSDB(s) to more efficiently schedule the DL and UL transmissions of PDU Sets while avoiding violating the corresponding AS PSDB.  
· For PDU discarding purpose, the AS PSDB is used for determining the discardTimer value to start with.
· For the enhanced BSR, the remaining time information is derived based on the (UL) AS PSDB.
Proposal 2. RAN2 initiate an LS activity with SA2 to clarify whether the PSDB that NG-RAN receives from the SMF is the E2E PSDB or the AS PSDB, and to request (or work with) SA2 to come up with a solution to obtain the AS PSDB for NG-RAN.
Proposal 3. RAN2 study the following ways of using the AS PSDB in NG-RAN and determine any spec impacts from them:
· For scheduling purpose, the gNB uses the (DL and UL) AS PSDB(s) to more efficiently schedule the DL and UL transmissions of PDU Sets while avoid violating the corresponding AS PSDB.  
· For PDU discarding purpose, the AS PSDB is used for determining the discardTimer value to start with.
· For the enhanced BSR, the remaining time information is derived based on the (UL) AS PSDB.
On the use of PDU Set Error Rate (PSER)
The PSER defines an upper bound for a rate of non-congestion related PDU Set losses [2]. Therefore, supposedly, it should reflect the communication error performance perceived at the application layer. However, in our previous Tdoc [3], we have revealed the issue that a target PSER may not be achieved uniformly among the different types of PDU Set of the same QoS flow due to a significant difference of the average number of PDUs per PDU Set existing between the different types of PDU Set and an undesirable consequence that the type(s) of PDU Set that are associated with a higher (worse) achievable PSER tend to be dependent upon by other types of PDU Set and hence are more critical (meaning their loss have a greater negative impact) to the communication error performance perceived at the application layer.
If we are to maintain the previous RAN2 agreement that “HARQ and RLC re-/transmissions for XR traffic are done as in legacy” [4], then selective PDCP duplication, as one of the solutions that we proposed in [3], may be the last remaining tool in the tool-box for meeting the target PSER uniformly among the different types of PDU Set of the same QoS flow while not wasting the extra bandwidths in blindly boosting the reliability for PDU Sets that don’t need PDCP duplication in the first place for meeting the target PSER. We think RAN2 should consider this technique for Rel-18 so that Rel-18 XR-capable RAN nodes and UEs can support XR services in a more radio-efficient way.   
Proposal 4. RAN2 consider selective PDCP duplication in Rel-18 for meeting the target PSER uniformly among the different types of PDU Set of the same QoS flow while not wasting the extra bandwidths in blindly boosting the reliability for PDU Sets that don’t need PDCP duplication in the first place for meeting the target PSER.  
On the use of PDU Set Integrated Handling Information (PSIHI)
In [2], PHISI is defined as the following: the 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. Meanwhile, in [2], a current Editor’s NOTE also states that the usage of PSIHI is FFS. Based on the definition, the PSIHI should have two values, indicating true and false, respectively. 
When the PSIHI value is true and the NG-RAN isn’t congested, the transmitter should strive to transmit every PDU of a PDU Set within the AS PSDB, unless the transmitter determines that it is impossible to do so, in which case the transmitter may stop transmitting any remaining PDUs of the PDU Set. 
When the PSIHI value is true and the NG-RAN is congested, the transmitter may choose not to initiate the transmission of any PDUs of certain PDU Sets, e.g., the not-to-be-transmitted PDU Sets are chosen based on their associated PDU Set Importance, without necessarily discarding a chosen PDU Set immediately, as we will further discuss in section 2.3.2.
When the PSIHI value is false, since SA4 has advised against early termination of transmitting an FEC-encoded PDU Set based on the number of successfully transmitted PDUs exceeding a threshold [5], we see that a PSIHI value of false leads to no changes of behaviors that need to be specified, unless the pending SA2 conclusion on the usage of PSIHI says otherwise.
Proposal 5. When the PSIHI value is true and the NG-RAN isn’t congested, the transmitter should strive to transmit every PDU of a PDU Set within the AS PSDB, unless the transmitter determines that it is impossible to do so, in which case the transmitter may stop transmitting any remaining PDUs of the PDU Set. 
Proposal 6. When the PSIHI value is true and the NG-RAN is congested, the transmitter may choose not to initiate the transmission of any PDUs of certain PDU Sets, e.g., the not-to-be-transmitted PDU Sets are chosen based on their associated PDU Set Importance.
Proposal 7. When the PSIHI value is false, no RAN2 impact is foreseen (unless the pending SA2 conclusion on the usage of PSIHI says otherwise).
On the use of PDU Set information in RAN 
On the use of PDU Set Size
The perceived benefit of PDU Set Size information is that if the size information is known to NG-RAN from the beginning (i.e., from the first PDU) of a PDU Set, then the gNB can prepare sufficient radio resources for the incoming PDU Set through proper scheduling. To achieve higher scheduling efficiency, the earlier to know the size information the better. 
[bookmark: _Hlk131702068]However, it is unclear to us, whether the XR video CODEC, while producing PDUs of an application data unit on the fly, can know the size of the entire PDU Set when the first PDU is being produced. If the size of the entire PDU Set is known only after the last PDU of the PDU Set is produced, we see no benefit for the source or CN providing the PDU Set Size information to NG-RAN, because buffering PDUs until the last PDU of the same PDU Set is undesirable for XR due to the stringent latency requirement. RAN2 can initiate an LS activity with SA4/SA2 to determine whether the PDU Set Size information is available from the beginning (i.e., from the first PDU) of a PDU Set, without incurring PDU buffering (at the video source, the UPF, or the gNB), before deciding whether NG-RAN can benefit from such information in practice. 
Proposal 8. RAN2 can initiate an LS activity with SA4/SA2 to determine whether the PDU Set Size information is available from the beginning (i.e., from the first PDU) of a PDU Set, without incurring PDU buffering (at the video source, the UPF, or the gNB), before deciding whether NG-RAN can benefit from such information in practice.
[bookmark: _Hlk131709213]On the use of PDU Set Importance
SA2 suggest that PDU Set Importance may be used by NG-RAN for PDU Set level packet discarding in the presence of congestion [6]. Meanwhile, RAN2 has agreed to at least use the discardTimer to control the behavior for PDU discarding. When RAN congestion occurs, the transmitter may decide not to initiate the transmission of any PDUs of certain PDU Sets, e.g., the not-to-be-transmitted PDU Sets are chosen based on their associated PDU Set Importance. Even without immediately discarding a not-to-be-transmitted PDU Set when it is chosen, by not initiating the transmission of any PDUs of the PDU Set, the discardTimers associated with the PDCP SDUs of the PDU Set will eventually expire, and as a result, those PDCP SDUs and the corresponding PDCP PDUs will be discarded. Therefore, we wonder why we need to use PDU Set Importance, as a separate criterion in addition to the expiry of the discardTimer, for PDU discarding.
Some companies have suggested that a better way for using the PDU Set Importance in PDU discarding is to start the discardTimer with different initial value for different PDU Set Importance. The rationale is that PDU Sets with greater importance (e.g., I frames) tend to be dependent upon by subsequent PDU Sets with less importance (e.g., P frames), and hence even if an important PDU Set has missed its own deadline for display, it is still useful to continue to transmit it, for a timely display of the subsequent less important PDU Sets. If RAN2 consider this approach, a question remains regarding how to determine how much longer the discardTimer initial value should be for the important PDU Sets than for the unimportant PDU Sets.
Proposal 9. RAN2 consider whether the PDU Set Importance can be directly used for PDU discarding as a separate criterion in addition to the expiry of discardTimer or can be indirectly used for PDU discarding by starting the discardTimer with different initial value for different PDU Set Importance.
Proposal 10. When considering the latter, RAN2 also consider how to determine how much longer the discardTimer initial value should be for the important PDU Sets than for the unimportant PDU Sets.
On the use of End of Data Burst Indication (EDBI)
For the DL, SA2 agree that an indication of End of Data Burst may be provided to the NG-RAN by the UPF, e.g., to configure UE power management schemes like connected mode DRX [7][8]. The following is further specified in [8]:
The PCF may provision the Protocol Description within PCC Rules based on the information provided by the AF and/or the local operator policies.
SMF should request the UPF to detect the last PDU of the data burst and the mark the End of Data burst in the GTP-U header of the last PDU in downlink, according to the PCC rule and/or the local operator policies.
According to the request and information from the SMF, the UPF identifies the last PDU of a Data burst in the DL traffic based on the End indication according to the Protocol Description and provides an End of Data Burst indication to the NG-RAN over GTP-U of the last PDU of a Data burst.
Editor's note: Support of new RTP header extension for End of Data Burst indication by the application server depends on progress in SA4 5G_RTP WI.
NOTE Z2:	 There can be some packets from the Data Burst received by NG-RAN after the PDU with End of Data Burst Indication if packets are received out of sequence.
For the UL, we think it is possible that similar information may be provisioned in the UE (e.g., via NAS signaling or UE local configuration) so that (the higher layer entity of) the UE can detect and mark the last PDU of the data bursts on the UL. However, (the Layer 2 entities of) the UE still needs to convey the End of Data Burst indication to the gNB so that the gNB can, based on the indication, send the UE into power saving mode early. We think sending an Empty Buffer MAC CE may do the job. 
After (the Layer 2 entities) of the UE receives the End of Data Burst indication of a data burst from its higher layer and buffers of all other LCGs of the UE are empty, an Empty Buffer MAC CE can be sent to the gNB after all TBs carrying the data burst have been transmitted successfully or be padded into the last TB carrying the data burst after all prior TBs carrying the data burst have been transmitted successfully. To increase the chance that the Empty Buffer MAC CE can fit into the last TB carrying the data burst, the Empty Buffer MAC CE has a fixed size of zero bits and is identified by the MAC subheader with the LCID. The presence of the Empty Buffer MAC CE indicates, to the gNB, that buffers of all LCGs of the UE are empty and the UE doesn’t expect more delay-sensitive data for the remainder of the current traffic period. 
Proposal 11. Introduce an Empty Buffer MAC CE, which may be sent by an XR UE after detecting the end of a data burst and buffers of all LCGs of the UE are empty and the UE doesn’t expect more delay-sensitive data for the remainder of the current traffic period.
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. XR UEs may report to the serving gNB, e.g., via the UAI, information about the UL jitters. If configured, the UE’s report is subject to the control of the gNB, including activation/deactivation, a threshold to report, and a prohibit timer to avoid excessive reporting.
Proposal 2. RAN2 initiate an LS activity with SA2 to clarify whether the PSDB that NG-RAN receives from the SMF is the E2E PSDB or the AS PSDB, and to request (or work with) SA2 to come up with a solution to obtain the AS PSDB for NG-RAN.
Proposal 3. RAN2 study the following ways of using the AS PSDB in NG-RAN and determine any spec impacts from them:
· For scheduling purpose, the gNB uses the (DL and UL) AS PSDB(s) to more efficiently schedule the DL and UL transmissions of PDU Sets while avoid violating the corresponding AS PSDB.  
· For PDU discarding purpose, the AS PSDB is used for determining the discardTimer value to start with.
· For the enhanced BSR, the remaining time information is derived based on the (UL) AS PSDB.
Proposal 4. RAN2 consider selective PDCP duplication in Rel-18 for meeting the target PSER uniformly among the different types of PDU Set of the same QoS flow while not wasting the extra bandwidths in blindly boosting the reliability for PDU Sets that don’t need PDCP duplication in the first place for meeting the target PSER.  
Proposal 5. When the PSIHI value is true and the NG-RAN isn’t congested, the transmitter should strive to transmit every PDU of a PDU Set within the AS PSDB, unless the transmitter determines that it is impossible to do so, in which case the transmitter may stop transmitting any remaining PDUs of the PDU Set. 
Proposal 6. When the PSIHI value is true and the NG-RAN is congested, the transmitter may choose not to initiate the transmission of any PDUs of certain PDU Sets, e.g., the not-to-be-transmitted PDU Sets are chosen based on their associated PDU Set Importance.
Proposal 7. When the PSIHI value is false, no RAN2 impact is foreseen (unless the pending SA2 conclusion on the usage of PSIHI says otherwise).
Proposal 8. RAN2 can initiate an LS activity with SA4/SA2 to determine whether the PDU Set Size information is available from the beginning (i.e., from the first PDU) of a PDU Set, without incurring PDU buffering (at the video source, the UPF, or the gNB), before deciding whether NG-RAN can benefit from such information in practice.
Proposal 9. RAN2 consider whether the PDU Set Importance can be directly used for PDU discarding as a separate criterion in addition to the expiry of discardTimer or can be indirectly used for PDU discarding by starting the discardTimer with different initial value for different PDU Set Importance.
Proposal 10. When considering the latter, RAN2 also consider how to determine how much longer the discardTimer initial value should be for the important PDU Sets than for the unimportant PDU Sets.
Proposal 11. Introduce an Empty Buffer MAC CE, which may be sent by an XR UE after detecting the end of a data burst and buffers of all LCGs of the UE are empty and the UE doesn’t expect more delay-sensitive data for the remainder of the current traffic period.
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