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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 only touched upon the topic of XR traffic prioritization, with only the following high-level agreement:
	1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).


In this contribution, we discuss further how the specifics of XR traffic can be addressed in LCP but also leveraging the PDCP duplication feature.
Discussion
LCP impact of XR traffic
The XR traffic is an aggregate of several media streams, each with different QoS requirements, so we assume that each component would be carried on a specific LCH. Moreover, for the XR video stream, we assume that PDU sets (each carrying a video frame payload) of different importance (e.g. I-frame, P-frame, etc) are multiplexed in the same LCH so as to guarantee in-order delivery of the video frames, as proposed in [1]. In such case, LCP must be enhanced to differentiate the treatment of PDU sets of different importance.
 Allocation of resources in LCP
As is well known, the allocation of an UL grant resource to the various competing logical channels is performed in LCP based on a mix of prioritization and token bucket scheduler: logical channels are served sequentially in priority order and for each, up to an amount of bits represented by the number of tokens in the bucket (referred to Bj in MAC specification [2]), thus enforcing a prioritized bit rate (PBR) for each.
Assuming the importance metric is characterized by a priority, there can be two options:
· Option 1: only the PDU set priority of the PDU set showing up at the head of line of the LCH queue is taken into account by LCP and the LCH priority is simply ignored
· Option 2: LCP prioritization considers both the PDU set and the LCH priorities jointly, i.e. LCH priority = f(LCH priority, PDU set priority). FFS exact joint priority determination algorithm/formula.
Proposal 1: LCP prioritization of an LCH takes into consideration the PDU set at the head-of-line of the LCH queue.
Proposal 2: RAN2 study further the following options for prioritizing PDU sets within an LCH:
· Option 1: LCH priority = head-of-line PDU set priority
· Option 2: LCH priority = f(LCH priority, head-of-line PDU set priority)
Other LCP enhancements
· Addressing PDU set failure
As discussed in [3] in the context of PDCP PDU discard enhancements, a the leftover bytes of a PDU Set may be discarded when one PDU is lost or discarded (due to legacy PDCP timer expiry) while all PDUs in the PDU Set are needed by the application layer to use the corresponding unit of information, or when the PSDB timer for a Delay-critical GBR resource expired [4]. But beyond the discarding at PDCP level, some actions can be taken as well at RLC/MAC level. For example we list below possible directions to study:
When one PDU is lost or discarded (due to legacy PDCP timer expiry) while all PDUs in the PDU Set are needed by the application layer to use the corresponding unit of information, or when the PSDB timer for a Delay-critical GBR resource expired:
· MAC lowers the priority of the PDU set
· MAC lowers the priority of the LCH until the next PDU set of the same LCH arrives
· MAC discards the RLC PDUs containing the remaining IP packets (for RLC UM only)
Proposal 3: RAN2 study UE autonomously lowering LCH and/or PDU set priority when a PDU set no longer meets its QoS requirement.
Proposal 4: RAN2 study MAC discard of the RLC PDUs containing the remaining IP packets when a PDU set no longer meets its QoS requirement.

· Addressing reliability of large video bursts:
In R16, the latency (maxPUSCH-Duration) LCP mapping restriction addresses both the latency and reliability of an LCH. It was introduced in support of URLLC traffic, thus making sure an LCH associated with such traffic would be mapped by LCP on the target UL grant, specifically sized to address URLLC requirements, i.e. short and with a robust MCS. However, XR video traffic has the same reliability requirement as URLLC, but with a much bigger size, and so potentially larger resource duration than conventional URLLC resource. As a result, the maxPUSCH-Duration cannot be used for XR video traffic. Hence we propose that to add a new LCP restriction parameter, maxPUSCH-MCS configuring the maximum MCS an LCH is allowed to be transmitted with. 
Proposal 5: RAN2 study adding a new LCP restriction parameter, maxPUSCH-MCS, configuring the maximum MCS an LCH is allowed to be transmitted with, in support of XR video stream bursts, transmitted in highly reliable, though large, UL grants.
PDCP duplication enhancements
In R17, the feature of autonomous PDCP duplication activation was introduced in support of the specific Survival Time requirement of IIOT traffic. We think similar autonomous activation can be leveraged for XR in the following cases:
· Receiving a NACK for a packet carrying a I-frame (thus securing the retransmission)
· Addressing PDU Set Content Ratio (PSCR) and PDU Set Delay Budget (PSDB) [3]
For the former case, it is assumed that gNB is aware it is being receiving an I-frame from the associated PDU set size, leveraging the PDU set BSR proposed in [5]. For the latter case, SA2 defined the PSCR as: PDU Set is useful to the receiver only if X% of the bits of the PDU set are delivered correctly. In other words Y% = (1-X)% of bit failure is allowed. Thus, one possibility is to increase the link reliability when the failure ratio of the PDU set approaches X%. However, gNB cannot determine the amount of failed bytes. Therefore, the proposal is to leverage the PSDB: duplication is triggered by PSDB timer or a combination of PSDB and PSCR. That is: if less than k% of the PDU set bytes has been successfully received after PSDB timer has run for a duration t, this triggers duplication. And the timer is started at both UE and gNB on the first transmission of the PDU Set. 
Of course, it can be argued: why cannot it be handled by NW (unlike IIOT, there is enough reaction time)? It could, but the autonomous trigger saves the DL signaling for the MAC CE duplication activation (3ms delay) as well as CG activation. Also, since it requires no explicit DL signaling, the autonomous trigger is more robust.
Proposal 6: RAN2 study autonomous PDCP duplication triggers to secure the remaining transmissions of a PDU Set when it is at high risk of failure, e.g. upon receiving a NACK for a packet carrying a I-frame, and/or based on the remaining delay budget and/or leftover bytes of the PDU Set.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: LCP prioritization of an LCH takes into consideration the PDU set at the head-of-line of the LCH queue.
Proposal 2: RAN2 study further the following options for prioritizing PDU sets within an LCH:
· Option 1: LCH priority = head-of-line PDU set priority
· Option 2: LCH priority = f(LCH priority, head-of-line PDU set priority)
Proposal 3: RAN2 study UE autonomously lowering LCH and/or PDU set priority when a PDU set no longer meets its QoS requirement.
Proposal 4: RAN2 study MAC discard of the RLC PDUs containing the remaining IP packets when a PDU set no longer meets its QoS requirement.
Proposal 5: RAN2 study adding a new LCP restriction parameter, maxPUSCH-MCS, configuring the maximum MCS an LCH is allowed to be transmitted with, in support of XR video stream bursts, transmitted in highly reliable, though large, UL grants.
Proposal 6: RAN2 study autonomous PDCP duplication triggers to secure the remaining transmissions of a PDU Set when it is at high risk of failure, e.g. upon receiving a NACK for a packet carrying a I-frame, and/or based on the remaining delay budget and/or leftover bytes of the PDU Set.
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