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1. Introduction
RAN2#119 has discussed XR-awareness in RAN and reached the following agreement in [2]:
	· RAN2 should take SA2/SA4 work into account
· RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
· RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
· RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4.
· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
· RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)


In this contribution we further discuss the impacts of XR-awareness on the traffic prioritization of XR traffic; we take in particular a closer look on the potential impacts to the LCP mechanism. 
2. [bookmark: Proposal_Beacon]Discussion
In previous RAN1/2 meetings it was concluded that XR-awareness information provided from the core network is helpful for the XR-specific power saving enhancements and capacity enhancements. 

The current LCP procedure is ordering the LCHs which are entitled to multiplex data onto UL resources allocated by an UL resource allocation (grant) according to their logical channel priority. The set of LCHs which is allowed to map data to an UL resource is determined by the configured LCH restrictions, i.e. only those LCHs which are satisfying all the configured LCH restrictions are considered for the subsequent LCP/multiplexing procedure. UL resources are allocated to the LCHs in a strict priority order starting with the highest priority LCH. 
Many of the XR and CG use cases are characterised by quasi-periodic traffic (with possible jitter) with high data rate in DL (i.e., video steam) combined with the frequent UL (i.e., pose/control update) and/or UL video stream. Both DL and UL traffic are also characterized by relatively strict packet delay budget (PDB). In order to support a sufficiently high capacity, i.e. number of served UEs which fulfil the service requirements, it is important to ensure that packets are received within the projected delay budget, e.g. PDU set delay budget (PSDB). Since application layer doesn’t benefit from packets which are received beyond its PSDB, e.g. packets are dropped, it’s of vital importance that data packets are successfully received within the associated delay boundaries. The current specified LCP procedure is not optimized for the XR traffic with its strict delay requirements and high data rate demands. 

We think that the LCP procedure should also take into account the remaining delay budget (RDB) of the data pending for transmission in order to determine the priority order in which LCH data are multiplexed on the UL resources. Data with the most stringent remaining delay budget, e.g. lowest remaining RDB, should be prioritized and multiplexed first on allocated PUSCH resources. The main benefit when considering also the delay budget of the data is that the LCP procedure is not static like in the legacy when only using the logical channel priority as a parameter for determining the priority order, but the priority of the data is rather changing depending on the time data of a LCH is pending in the UE for transmission. Essentially the mechanism adapts the multiplexing priority depending on the remaining delay budget, i.e. the multiplexing priority inherently reflects the urgency of the data. 

Proposal 1: RAN2 should discuss enhancements to the LCP procedure in order to address the delay requirements of an XR bearer like PSDB, e.g. considering also the remaining delay budget when determining the priority order

Similar considerations may be also applied for the intra-UE prioritization mechanism which was introduced in Rel-16. According to the current specification the priority of an overlapping UL grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, i.e., logical channel priority is only considered to determine which UL grant is prioritized.
Similarly, as for the LCP procedure when determining the priority order, RAN2 should also discuss whether the remaining delay budget of Logical channels needs to be considered when determining the priority of an UL grant. 

Proposal 2: RAN2 should discuss enhancements to the Intra-UE prioritization procedure in order to address the delay requirements of an XR bearer like PSDB, e.g. considering also the remaining delay budget when determining the priority of an UL grant.

According to the current QoS architecture, there is a 2-step mapping of IP-flows to QoS flows (NAS) and from QoS flows to DRBs (Access Stratum). NAS level packet filters in the UE and in the 5GC associate UL and DL packets of IP flows with QoS Flows. Similarly, a QoS flow is mapped to a DRB based on AS mapping rules. There is one-to-one mapping relationship between IP flow and QoS flow and between for the QoS flow to DRB mapping in the current specification.

According to TR38.838, it might be the case that for example all video packets, e.g. I-frame, P/B frame, of a XR applications may be transmitted within a single IP-flow. Since the P-frame and the B-frame are encoded based on the I-frame, it can be assumed that I-frames are more important than P/B-frames. To improve the reliability of XR applications and ultimately to also increase the XR-capacity, the importance level of each frame should be considered within the resource allocation procedure. For Uplink, UE should consider the frame importance for the different QoS handling. There are several possibilities to accommodate the different QoS handling.

· To map one IP flow to different QoS flows according to importance is under discussion in SA2. Legacy LCP handling can be reused, and no RAN impact is foreseen. In this case, I-frame and P-frame is on separate QoS flow, how to efficiently discard the frame according to the frame dependency on multi-QoS flow may be further considered in this QoS architecture.
· To enhance QoS architecture supporting the one QoS flow-to-more DRBs mapping according to frame importance, RAN2 can discuss the mechanisms to allow the SDAP to route the data within a single QoS flow to different DRBs according to frame importance. How to efficiently discard the frame according to the frame dependency on multi-DRB may be further considered in this QoS architecture.
Assuming that the current QoS architecture with the one-to-one mapping rules are kept for XR-services, RAN2 needs to discuss mechanisms which allow to prioritize high importance data within a single QoS flow or single DRB.
One option would be for example to reuse the split bearer principle, where a single DRB is associated with multiple RLC entities/bearers. PDCP layer supports the routing of packets of the DRB to the different multiple RLC entities. The routing to the different RLC entities could be done based on the importance of a PDU/SDU.  

Proposal 3. Depending on the progress in SA2, RAN2 should discuss mechanisms to prioritize high importance data in case a IP-flow is mapped to single QoS flow:

· considering importance for routing the data to the different RLC entities by PDCP
· considering importance during LCP 
· considering importance for routing data within a single QoS flow to different DRBs by SDAP

3. Conclusion
In this contribution, we discuss the impacts of XR-awareness on the traffic prioritization of XR traffic. We have the following proposals:
Proposal 1: RAN2 should discuss enhancements to the LCP procedure in order to address the delay requirements of an XR bearer like PSDB, e.g. considering also the remaining delay budget when determining the priority order

Proposal 2: RAN2 should discuss enhancements to the Intra-UE prioritization procedure in order to address the delay requirements of an XR bearer like PSDB, e.g. considering also the remaining delay budget when determining the priority of an UL grant.

Proposal 3. Depending on the progress in SA2, RAN2 should discuss mechanisms to prioritize high importance data in case a IP-flow is mapped to single QoS flow:

· considering importance for routing the data to the different RLC entities by PDCP
· considering importance during LCP 
· considering importance for routing data within a single QoS flow to different DRBs by SDAP
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