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1   Introduction

In this paper, we first review the layer 2 structure for XR and justify the need of PDU differentiation. Then the RAN2 impacts of PDU prioritization are analysed, and concluded that the need of enhancement of LCP and the UL RAN load are closely related. We propose that delay-aware LCP can contribute to optimizations of UE for UL radio resource scheduling and minimization of PDCP reordering, especially when UL RAN load is medium. When there is an UL RAN congestion on the other hand, importance-aware LCP can contribute to minimization of dropping important PDU Sets at UE. Due to the variety of UL RAN load and application services, XR-aware LCP can be configured as score-based pre-emption with combination of PDU Set Importance and remaining PDU Set delivery time. 
2   PDU prioritization for XR 
2.1   Layer 2 Structure for XR
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Figure 1: Mapping Alternatives of UL XR traffic 
Figure 1 shows the mapping alternatives of layer 2 structure [1], and it had been agreed that a QoS flow cannot be mapped onto multiple DRBs in the uplink, thereby excluding alternative N1N. The editor noted that LS to SA2/SA4 sent to understand the need for treating the PDU Sets of the same QoS flow differently over the air interface (R2-2213351). 
An application service may consist of several types of PDU Sets. They may be filtered to one QoS flow (N11) or multiple QoS flows (111 or NN1), and the mapping between PDU Set to QoS flow is addressed by SA4 and SA2. From our point of view, based on the three PDU Set QoS parameters [1], PDU Set Error Rate (PSER), PDU Set Delay Budget (PSDB) and PDU Set Integrated Indication (PSII), and dynamic information PDU Set Importance, the need of PDU differentiation in layer 2 is evident. For example, splitting DRB into multiple LCH (DC like) FFS was agreed in RAN2 #120. 
Observation 1: Based on the three PDU Set QoS parameters (PSER, PSDB, PSII), and dynamic information PDU Set Importance, the need of PDU differentiation in layer 2 is evident. 
2.2   RAN2 Impacts of PDU Prioritization
In RAN2 #119bis, MediaTek’s proposal [2] “the use of PDU prioritization should be configurable as it is only useful in certain scenarios (e.g. real-time streams)” had been discussed, but there was no consensus. In RAN2 #120, delay-awareness in LCP was disputable. Chairman made some agreements as follows: If delay-aware LCP is introduced, need the ability to turn it off. SRBs not impacted. Not considered further unless fundamental issues are identified. Finally, the following sentence was agreed in TR 38.835 [1], “In terms of logical channel prioritisation in uplink, a delay criteria was considered but agreed not to be pursued further unless fundamental issues are identified.” From our point of view, the need of enhancement of LCP and the UL RAN load are closely related as explained below. 
· UL RAN load is light

When the UL RAN load is light, legacy NR LCP can have a good support for XR. That means each MAC SDU in LCHs can be transmitted before its delay budget (e.g., PSDB) runs out. Therefore, there is no need to enhance LCP for XR. In this case, if delay-aware LCP is introduced, it can be turned off. 
· UL RAN load is medium 
We agree with Huawei’s proposal [3] that the remaining PDB of the data buffered in the LCH should be considered during LCP procedure so the impact of arrival of data of a high-priority logical channel on data transmission of a lower-priority logical channel can be alleviated. From our point of view, according to the agreement “Delay knowledge of buffered data, consisting of e.g. remaining time, and distinguishing how much data is buffered for which delay.” in TR 38.835 [1], the network side can acquire updated delay information of buffered data at UE side and gives an appropriate UL grant to accommodate these UL XR traffic. Then the UE can perform delay-aware LCP to optimize the UL radio resource scheduling in response to the received UL grant. Qualcomm [4] also supported to take residual delay budget of buffered data into account during LCP procedure for the efficient bandwidth allocation of bursty flows and thus improve uplink capacity. 
Besides, we would like to point out that if more urgent XR data can be transmitted before their remaining PDB run out, less PDCP discarding occurs in transmitting PDCP entity so PDCP reordering delay at receiving PDCP entity can be alleviated (i.e., SN gap is minimized.) For the enhancement of UL system capacity (i.e., the maximum number of users per cell with at least Y % of UEs being satisfied [5]), it is worth to have FFS on delay-aware LCP when the UL RAN load is medium. 
Observation 2: if more urgent XR data can be transmitted before their remaining PDB run out, less PDCP discarding occurs in transmitting PDCP entity so PDCP reordering delay at receiving PDCP entity can be alleviated (i.e., SN gap is minimized.)  

Proposal 1: Suggest FFS on delay-aware LCP for its contribution to optimizations of UE for UL radio resource scheduling and minimization of PDCP reordering, especially when UL RAN load is medium. 
· UL RAN load is heavy

When there is an UL RAN congestion, PDCP discarding for outdated data is considered as a solution to free up radio resources. “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.” had been agreed in TR 38.835 [1]. In addition to this, there is a dynamic information PDU Set Importance, “this parameter is used to identify the importance of a PDU Set within a QoS flow. RAN may use it for PDU Set level packet discarding in presence of congestion; [1]”, which we suggest to consider during the PDCP discarding procedure. When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers. Therefore, it is worth to study the importance-aware LCP to avoid an “important” PDCP SDU’s discardTimer expires, so the possibility of dropping important PDU Sets on the transmitting PDCP entity can be minimized. 
Observation 3: It is worth to study the importance-aware LCP to avoid an “important” PDCP SDU’s discardTimer expires, so the possibility of dropping important PDU Sets on the transmitting PDCP entity can be minimized. 
Based on the discussion on Layer 2 structure for XR, different PDU Sets with different importance values may be mapped to different DRBs or to the same DRB. Since the granularity of PDU Set Importance may be different from the granularity of the priority of LCH, PDU Set differentiation based on PDU Set Importance still may be needed even the LCP procedure is executed in a decreasing LCH-priority order. CATT [6] had a detailed discussion on the PDU Set Importance and LCH priority and proposed to study further for prioritizing PDU sets within a LCH. 
Proposal 2: Suggest FFS on importance-aware LCP for its contribution to minimization of dropping important PDU Sets at UE, especially when there is an UL RAN congestion. 
Due to the variety of UL RAN load and application services, XR-aware LCP may be configured as score-based pre-emption with combination of PDU Set Importance and remaining PDU Set delivery time. The score criterion can be configured by gNB via RRC signaling with good flexibility. Nokia [7] had questioned  that we should ask ourselves whether it is known for sure that prioritizing the lower-priority traffic now will not end up missing QoS requirements (such as PDB) of the higher-priority traffic later, which of course would be an even worse violation. An XR-aware LCP may provide a possible solution for the unpredictable UL RAN load and the need of application services with the combined consideration of PDU Set Importance and remaining PDU Set delivery time. 
Proposal 3: Due to the variety of UL RAN load and application services, suggest FFS on XR-aware LCP configured as score-based pre-emption (e.g., combined consideration of PDU Set Importance and remaining PDU Set delivery time.) 

3   Conclusions

Based on the discussion, we have the following observations: 
Observation 1: Based on the three PDU Set QoS parameters (PSER, PSDB, PSII), and dynamic information PDU Set Importance, the need of PDU differentiation in layer 2 is evident.
Observation 2: if more urgent XR data can be transmitted before their remaining PDB run out, less PDCP discarding occurs in transmitting PDCP entity so PDCP reordering delay at receiving PDCP entity can be alleviated (i.e., SN gap is minimized.)
 Observation 3: It is worth to study the importance-aware LCP to avoid an “important” PDCP SDU’s discardTimer expires, so the possibility of dropping important PDU Sets on the transmitting PDCP entity can be minimized. 
Our proposal is as follows. 

Proposal 1: Suggest FFS on delay-aware LCP for its contribution to optimizations of UE for UL radio resource scheduling and minimization of PDCP reordering, especially when UL RAN load is medium. 

Proposal 2: Suggest FFS on importance-aware LCP for its contribution to minimization of dropping important PDU Sets at UE, especially when there is an UL RAN congestion. 

Proposal 3: Due to the variety of UL RAN load and application services, suggest FFS on XR-aware LCP configured as score-based pre-emption (e.g., combined consideration of PDU Set Importance and remaining PDU Set delivery time.) 
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