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1. Introduction
[bookmark: _Toc54284460]According to the latest RAN2#125bis meeting[1], the following agreements on LCP enhancements for XR are reached:
	· LCP enhancements – solution directions
· RAN2 will study whether/how to resolve the issue of data with low remaining time being delayed due to other data from LCHs with higher LCH priority when using the existing LCP procedure. At least the following alternatives will be studied:
Alternative 1: Enhance LCP restrictions/LCH selection.
Alternative 2: Enhance LCH prioritization.
· RAN2 should consider potential impact on traffic from SRBs.




In this contribution, we aim to discuss the scheduling enhancements issue in XR, particularly focusing on the LCP enhancements mechanism in RAN2 for XR applications.
2. Discussion
According to the latest New WID: XR (eXtended Reality) for NR Phase 3, one of the objective for scheduling enhancements is to using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs for the UL. For this objective, in last RAN2#125bis meeting, the LCP enhancements have discussed, and the following alternatives are proposed:
· Alternative 1: Enhance LCP restrictions/LCH selection.
· Alternative 2: Enhance LCH prioritization.

2.1  Alternative 1：Only select LCHs with delay-critical data mechanism 
For Alternative 1: Only select LCHs with delay-critical data mechanism, a new LCP restriction could be applied to ensure that only LCHs carrying delay-critical data are selected for resource allocation. This approach focuses on the selection of logical channels process within the LCP.
To implement this alternative, it's first necessary to identify delay-critical data for each LCH. Since the determination of delay-critical data is made by the PDCP layer based on the PDCP discard timer, and the definition of Delay-critical PDCP SDU specified in TS38.323 goes 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.



According to the Uplink Layer 2 Structure specified in TS 38.300 as shown in below Figure 1, for each Radio Bearer, the transmitting PDCP entity delivers packets processed by the PDCP layer to one or more RLC entities (where one PDCP entity can be associated with one or more RLC entities). 


Figure 1: Uplink Layer 2 Structure

In this procedure, the transmitting PDCP entity decides whether a packet is delay-critical based on the remaining time till discardTimer expiry. 
Then, for each RLC entity received a packet from the PDCP layer, it will process the packet and wait for a transmission opportunity notified by MAC layer to submit the packet to lower layer. And each RLC entity submit each packet to MAC layer via a logic channel (LCH), i.e., the RLC entity has a one-to-one mapping relationship with LCH. In this procedure, the RLC entity determines whether a packet is delay-critical by checking whether the RLC SDU corresponding to a PDCP PDU, has been indicated as delay-critical by the PDCP.
Given the above, for a Radio Bearer, one PDCP entity can correspond to multiple RLC entities, and there's a one-to-one relationship between RLC entities and LCHs. This indicates that for each Radio Bearer, the transmitting PDCP entity might send data to multiple RLC entities, thus reaching multiple LCHs. In this case, the data arriving at each LCH might include both delay-critical and non-delay critical data, i.e., each LCH's data might contain both delay-critical and non-delay critical data. To support Alternative 1, i.e., to support select LCHs with only contain delay-critical data, it must requires the selected LCH's data should all be delay-critical. 
This implies that when the PDCP entity delivers packets to the lower layer, it must distinctly deliver delay-critical data and non-delay critical data to different RLC entities, and consequently to different LCHs. Only through this method can the LCH containing only delay-critical data be selected, thereby supporting Alternative 1.

Observation 1: Alternative 1 required that when the PDCP entity delivers packets to the lower layer, it must distinctly deliver delay-critical data and non-delay critical data to different RLC entities, and consequently to different LCHs. 

Based on the discussions above, since delay-critical and non-delay critical data are delivered to different RLC entities, to further meet the XR transport delay requirements, it could be considered to use different RLC modes for different RLC entities. For instance, the RLC entity associated with delay-critical data could use the RLC UM mode to ensure its delay requirements, while the RLC entity associated with non-delay critical data could use the RLC AM mode to ensure reliability requirements.

Proposal 1: Within the mechanism of Alternative 1, to meet the delay requirements of XR services, it is suggested to use different RLC modes for RLC entities associated with delay-critical data and non-delay critical data.

2.2 Alternative 2: Adapt the LCH priority based on the delay-critical data mechanism
For Alternative 2: Adapt the LCH priority based on the delay-critical data mechanism suggests adapting the priority of the LCH depending on whether it carries delay-critical data. In this alternative, the primary consideration is adjusting the priority of each LCH based on the delay-critical data it contains. However, further details are needed to determine how to adjust priority for a specific LCH.

Observation 2: For Alternative 2, determining the adjusted priority of an LCH based on the delay-critical data it carries requires further detailed scheme.

Based on the analysis above, we think the following Remaining delay Weighted Priority scheme could be considered:
· First, the UE sorts the overall remaining delay distribution of the data within each LCH by LCH priority, considering only the delay-critical remaining delay distribution. Take the Table 1 LCH Priority & data remaining delay level distribution as an example, the rows represent LCH Priority in descending order, and the columns represent the data's Remaining delay(remaining time till PDCP discardtimer expire) level distribution in each LCH, sorted from the shortest to longest remaining delay. The data contained in LCH1 include (0-10ms) remaining delay level interval, (10-20ms) remaining delay level interval, and (20-30ms) remaining delay level interval. The data contained in LCH2 include (10-20ms) remaining delay level interval, and (20-30ms) remaining delay level interval. The data contained in LCH3 include (0-10ms) remaining delay level interval, (10-20ms) remaining delay level interval.

Table 1 LCH Priority & data remaining delay level distribution
	Remaining delay level


LCH Priority
	0-10ms
(remaining delay1)
	10-20ms
(remaining delay2)
	20-30ms
(remaining delay3)

	LCH1
	✔
	✔
	✔

	LCH2
	
	✔
	✔

	LCH3
	✔
	✔
	



· Next, the UE designs a weighted delay priority factor based on the remaining delay level contained by each LCH, and also UE designs a weighted LCH priority factor based on the original LCH priority configured by the network of each LCH. 
· Then, the UE combines the original LCH priority configured by the network with its weighted priority factor and the delay priority (may be configured by the network) with its weighted delay priority factor to get a integrated weighted priority for each LCH, the smaller the numerical value, the higher the priority. The weighted priority for each LCH calculation formula can be considered as follows:



· Finally, the UE allocates resources to each logical channel based on their weighted priorities according to the LCP algorithm.
[bookmark: _GoBack]
Proposal 2: For Alternative 2, it is suggested to consider the Remaining delay Weighted Priority scheme to determine the priority of each LCH.

3. Conclusion
In this contribution, we provided our observations and proposals on LCP enhancements mechanism for XR as follows:
Observation 1: Alternative 1 required that when the PDCP entity delivers packets to the lower layer, it must distinctly deliver delay-critical data and non-delay critical data to different RLC entities, and consequently to different LCHs. 

Proposal 1: Within the mechanism of Alternative 1, to meet the delay requirements of XR services, it is suggested to use different RLC modes for RLC entities associated with delay-critical data and non-delay critical data.

Observation 2: For Alternative 2, determining the adjusted priority of an LCH based on the delay-critical data it carries requires further detailed scheme.

Proposal 2: For Alternative 2, it is suggested to consider the Remaining delay Weighted Priority scheme to determine the priority of each LCH.

4. [bookmark: _Toc54284462]References
[1] RAN2#125bis meeting agreements.
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