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1. Introduction
· [bookmark: _Toc54284460]According to the latest New WID: XR (eXtended Reality) for NR Phase 3[1] , the following objectives are required:
	The Rel-19 XR ph3 objectives are as follows:
· Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).
· Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]

Note: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.




In this contribution, we aim to discuss the scheduling enhancements issue in XR, particularly focusing on the support for a deadline mechanism in RAN2 for XR applications.
2. Discussion
In the objective of XR WID, it is determined that to meet delay requirements/avoid too late PDUs, the UL deadline mechanism should be supported. First, the working mechanism of the deadline should be determined. The deadline is used to limit the maximum delay for processing SDUs. Once the deadline is exceeded, the SDU is considered invalid, so the deadline mechanism can be used for discarding SDUs. Before studying the specific working mechanism of the deadline in RAN, let's first review the existing PDCP SDU discarding mechanism.

2.1  Legacy discardtimer-based discard mechanism 
The current PDCP discard mechanism is based on the discard timer. When the transmitting PDCP entity receives a PDCP SDU from upper layers, it initiates a discard timer for this PDCP SDU. The PDCP SDU along with the corresponding PDCP Data PDU are discarded when the discard timer expires. The discard timer is also used to judge whether a PDCP SDU is Delay-critical PDCP SDU type data. The definition of Delay-critical PDCP SDU is as follows:
	Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer expiry less than the remainingTimeThreshold.



As time-sensitive traffic, XR services have critical delay requirements. The 5GS/application layer provides the RAN with PDU Set delay requirement information per QoS flow through semi-static information, i.e., the PSDB. The definition of the PSDB is as follows:
	PDU Set Delay Budget (PSDB): time between reception of the first PDU (at the UPF in DL, at the UE in UL) and the successful delivery of the last arrived PDU of a PDU Set (at the UE in DL, at the UPF in UL). PSDB is an optional parameter and when provided, the PSDB supersedes the PDB (see TR 23.700-60 [9]).


It can be observed that PSDB specifies the transmission delay requirements on a per PDU Set basis. While in the actual work process of the RAN, the transmitting PDCP entity starts a discard timer for each PDCP SDU which is included in a PDU Set on a per SDU basis. The discard timer duration is the same for each PDCP SDU within the same DRB. This approach does not consider the overall transmission delay requirement for the entire PDU Set, in such a scenario, the processing time point for SDUs that arrive too late may exceed the delay requirements of the entire PDU Set, thus failing to meet the transmission timeliness requirements for XR services.
Observation 1: The legacy discard timer operates on a per SDU basis, neglecting the overall transmission delay requirement for the complete PDU Set.

Additionally, due to the presence of jitter, the actual arrival time of SDUs within a PDU Set at the RAN may vary, with some arriving earlier than the theoretical arrival time for the PDU Set period and others arriving later. Take the Figure 1 as an example, considering SDU SN with 1, 2, and 3 belonging to the same PDU Set, SDU1 arrives earlier than the theoretical arrival time for the PDU Set, SDU 2 arrives on time, and SDU 3 arrives later than the theoretical arrival time for the PDU Set. This case further complicates the scheduling process. For instance, a PDCP SDU that arrives too late may not be scheduled until the next resource period, resulting in the PDCP SDU being considered time-invalid when delivered to the application layer. Moreover, the expiry time for the discard timer of this PDCP SDU may exceed the PSDB requirement of the PDCP SDU's associated PDU Set. Therefore, it is essential to take into account the PDU Set PSDB when determining the expiry time of the discard timer for the PDCP SDU that arrives too late.
[image: ]
Figure 1. the arrival time of each packet within a PDU Set varies.
Observation 2: The expiry time for the discard timer of the late arrived PDCP SDU may exceed the PSDB requirement of the PDCP SDU's associated PDU Set.
Proposal 1: It is suggested to take into account the PDU Set PSDB when determining the expiry time of the discard timer for the PDCP SDU that arrives too late.
2.2  Deadline-based discard mechanism 
Given the aforementioned challenges, a deadline-based discarding mechanism can be considered to ensure timeliness requirements by limiting the latest time for each data packet to remain in the sender's buffer. To support this deadline-based discarding mechanism, several issues need to be addressed:
1　 Regarding the granularity of the deadline, should it be applied at the level of individual SDUs or the entire PDU Set? If SDU-based, then for SDUs arriving at different times within the same PDU Set, the question arises whether the deadline duration should be the same or different. If PDU Set-based, the timing of the deadline's activation needs to be determined. For instance, should it start when a SDU arrives similar to the discard time, or should it align with the arrival time of the PDU Set's periodic cycle?
2　 As for the handling mechanism of the deadline, should it utilize a timer or a time window? If a timer is chosen, mechanisms for starting and canceling the deadline timer need to be considered. Alternatively, if a deadline time window is preferred, the length of the window must be determined.
3　 Additionally, the scope of application for the deadline mechanism needs to be determined. Should it be used only for discarding packets at the PDCP transmitter or can it also be employed at the PDCP receiver ? From the perspective of the PDCP discarding mechanism, it is evident that the deadline is primarily intended for processing at the transmitting PDCP entity. However, for the receiving PDCP entity, in scenarios where packets are delivered in order, the caching duration of PDCP Data PDU’s COUNT between the RX_DELIV and RX_NEXT variables can also pose significant limitations on data transmission timeliness. Therefore, supporting a deadline mechanism at the receiving PDCP entity from the perspective of caching delay can also be considered.
[bookmark: _GoBack]Observation 3: To support this deadline-based discarding mechanism, several issues on the granularity of the deadline, the handling mechanism of the deadline and the scope of application for the deadline should be considered by RAN2.
In the illustrated example in Figure 2, a transmitting PDCP deadline timer based discard mechanism is proposed at the PDU Set granularity, wherein a per PDU Set deadline timer is initiated at the theoretical arrival time of each PDU Set cycle. All SDUs within this PDU Set adhere to the maximum processing time defined by this timer. Consequently, if the deadline timer for the PDU Set expires, any remaining unprocessed data packets within the PDU Set are considered expired and can be discarded at the transmitting PDCP entity. This mechanism ensures the timeliness of late-arriving data packets.

[image: ]
Figure 2. a deadline timer mechanism is proposed at the PDU Set granularity
Proposal 2: To support this deadline-based discarding mechanism, several issues on the granularity of the deadline ( per PDU or per PDU Set ) , the handling mechanism of the deadline ( timer-based or window-based ) and the scope of application for the deadline ( used in PDCP transmitter or PDCP receiver ) should be considered by RAN2.
3. Conclusion
In this contribution, we provided our observations and proposals on deadline support issue for XR as follows:
Observation 1: The legacy discard timer operates on a per SDU basis, neglecting the overall transmission delay requirement for the complete PDU Set.

Observation 2: The expiry time for the discard timer of the late arrived PDCP SDU may exceed the PSDB requirement of the PDCP SDU's associated PDU Set.
Proposal 1: It is suggested to take into account the PDU Set PSDB when determining the expiry time of the discard timer for the PDCP SDU that arrives too late.
Observation 3: To support this deadline-based discarding mechanism, several issues on the granularity of the deadline, the handling mechanism of the deadline and the scope of application for the deadline should be considered by RAN2.
Proposal 2: To support this deadline-based discarding mechanism, several issues on the granularity of the deadline ( per SDU or per PDU Set ) , the handling mechanism of the deadline ( timer-based or window-based ) and the scope of application for the deadline ( used in PDCP transmitter or PDCP receiver ) should be considered by RAN2.
4. [bookmark: _Toc54284462]References
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