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Introduction
In continuation of the 3GPP work on XR in RAN1 and SA4 in Rel-17 followed by an XR study in Rel-18, RAN has approved a RAN2-led work item on XR enhancements for NR in Rel-18 [1]. For XR-Awareness, the Rel-18 XR WI now has an objective to specify RAN2 enhancements for provisioning of XR traffic assistance information by the UE. Further, RAN2 will consider the impact of identifying PDU Sets, Data bursts and PSI at the UE side as needed. 
	Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);


Accordingly, RAN2#121bis-e is expected to discuss assistance information from UE to network, including use of PDU Set Information in RAN for DL and UL (e.g., PDU Set Information, PDU Set Integrated Handling Indication, PSER, PSDB, end of data burst indication, etc.) and what needs to be specified in RAN2.
This contribution aims to discuss some of our views with respect to the normative work on XR-awareness. We also provide a view on what parameters could be beneficial as assistance information and how a high-level procedure might look like. 

Discussion
Motivation for UE-provisioned Traffic Assistance Information
The updated Rel-18 XR WI in [1] has an objective on the provision of XR traffic assistance information. 
An XR application server may assist the RAN with information about XR-specific characteristics of a traffic flow where the provision of such information happens through the CN. Based on the latest SA2 progress, TSCAI framework introduced for IIoT can be reused for the CN for provide XR traffic characteristics to RAN. The assistance information from CN can be very useful for both power saving and capacity improvement. Specifically, by allowing the RAN to know how often the packet of a XR traffic flow is going to arrive, both DRX cycle and CG periodicity can be configured in an appropriate manner – which avoids excessive resource over-provisioning and long UE wake-up time. However, in many cases it may not be so flexible if RAN always relies on the assistance information from the CN only. 
In particular, the accuracy of this information from CN is gated by factors such as the refresh interval that can be applied for each UE and traffic flow, the available signalling capacity, and the delay within the CN. Thus, we cannot guarantee that this information from CN is always up to date. Furthermore, certain characteristics, such as arrival of critical information, jitter, buffer residency time, may suddenly change at either side of the connection. In some cases, the signalling of feedback/adjustment information via the application layer from the UE to the server and then back from the server to the RAN may simply take too long. The UE has more direct and up-to-date traffic information about the ongoing XR traffic flows available. 
In addition, traffic arrival pattern in uplink may be characterized by a degree of jitter. It is worth noting that we have provided some reasonings about uplink jitter in [2]. We do not think the CN can easily capture the information about jitter in uplink. Furthermore, application layer information can dynamically change at the UE side and the UE always has the latest information. 
RAN2 concluded in the last meeting to support the tethering use case. RAN2 recognized in the last meeting that UL jitter may be present for XR, and it was concluded to support the tethering use case. This may require some signalling of UL traffic arrival information from UE to network. Accordingly, RAN2#121 made the following agreements:
	RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 
RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.



The tethering use case and the need for XR traffic assistance information has also been reflected in the WI objective about provisioning by UE for e.g., periodicity and UL traffic arrival information. 
Observation 1: The UE can provide the RAN with updated XR traffic information more dynamically. 
Moreover, the assistance information from the CN to the RAN currently exists for 5G advanced interactive services (5G_AIS) and URLLC where TSCAI is optional. When TSCAI is unavailable, the network may in some cases rely on pre-configured QoS flows using QoS mapping tables, which is less dynamic. Accurate and up-to-date information on expected burst timings helps reduce collisions when the network can utilize this information to allocate radio resources accordingly. It seems reasonable to assume that a gNB may not aways receive sufficient information from within the network. Compared to URLLC/IIoT with TSN where the gate schedule is relatively constant, packet arrival patterns are more dynamic in XR. In particular, TSN can control packet arrival cycles from a single network element such as the CNC, but for XR, a pattern update can originate from multiple entities in the system. This means the provision of XR assistance information becomes more complex. 
Thus, from our perspective it is questionable whether TSCAI from CN can timely capture XR traffic characteristic variation caused by UE-side activities, and whether is always available. In general, TSCAI from CN is not always adequate for XR as traffic characteristics can change by activities at either side of the connection.
Observation 2: TSCAI from CN may not always be adequate for XR scheduling, especially when UE-side application activities are considered.
Based on these observations, we think RAN2 should consider introducing mechanisms to facilitate provisioning of XR Traffic Assistance Information from the UE to the RAN in Rel-18.
Proposal 1: RAN2 should specify XR traffic assistance information from the UE that can be used to indicate a need for configuration updates based on traffic requirements and/or QoS adaptation, when it is deemed necessary for QoS fulfilment, reducing power consumption, and/or improving resource efficiency. 

Potential Set of Assistance Information Parameters
As introduced in the previous section, the UE may provision the gNB with XR traffic assistance information. This section provides a sketch of a basic parameter set, including some parameters that are based on TSCAI. The parameter set is generic and can vary for different enhancement options as well as protocol levels. 
The UE could report at least following information as part of the scheduling assistance to the gNB:
· Periodicity
· Traffic Parameters
· Direction (UL or DL)
As for a reporting granularity, information could be reported as a choice of either DRB/LCH, QFI, or in special cases, even for a particular CG/SPS or PDU Set Importance level. While the meaning of direction is relatively clear, a potential set of traffic parameters and periodicity is as follows.
Traffic Parameters
· Data Size in bytes (e.g., within the period indicated by periodicity)
a) Data size can indicate min, max, average burst size. In case only one value is provided then Maximum Size is preferred. The size may be based on Data Burst or PDU Set.
· Arrival Time, for PDU Set or Data Burst arrival — a choice of one of the three options below:
a) Start and End: time window between first packet and last packet arrival; reported as 
· two values, one for start and one for end; or
· start_time + max_duration
b) Arrival Time only, following the definition as in TSCAI / BAT in 23.501 
c) Arrival Time + Burst Spread (based on jitter (especially for UL in tethering UC), e.g., the variation of the arrival time of the first packet)
· Two values, one for Arrival Time and one for Burst Spread
Periodicity
· Represents a periodical packet arrival rate for bursty or quasi-periodical traffic
· May translate into a periodicity of a CG/SPS or could be based on application layer provisioning
From our perspective, XR Traffic Assistance Information should at least include data size, arrival time, and periodicity. The reporting of information for uplink traffic flows is more pronounced than the reporting for downlink traffic flows, but since activities on UL/DL flows are interrelated the UE has all the information, it might not be a big overhead to provide an option to report both directions. Besides the network can configure which information is desired including the direction and the flow.
Proposal 2: Information to facilitate XR awareness at the RAN relates to groups of packets, where periodicity, UL packet arrival time (start/stop), importance/priority, sequence, boundary, and size information can help utilize radio resources more efficiently.
Moreover, as discussed in the previous section, jitter in UL can be a common issue in practice and hence cannot be neglected [2]. In particular, jitter in UL can occur when media content generation and protocol processing are handled by different components that are tethered over e.g., Sidelink or non-3GPP technologies. 
Proposal 3: Jitter information of PDU Sets can help schedule and utilize radio resources more efficiently. RAN2 to discuss suitable QoS parameter options for jitter in uplink.

Procedure for Configuration and Reporting
Based on the analysis above, it makes sense for RAN2 to address the cases where TSCAI is insufficient to provide up-to-date XR traffic characteristics to the RAN, or when inherent characteristics require a fast adjustment of the current allocation. Since the XR traffic characteristics are largely influenced by user activities, we think it is easier for the UE to obtain the most up-to-date information on XR traffic conditions, and therefore UE could provide it to the gNB as a complementary source of assistance information. On a high level, the network may configure the UE to enable/disable scheduling assistance information, e.g., at QoS flow establishment or through an update at a later time. 
In light of this, RAN2 can further explore the procedure of enabling UE Assistance Information for XR scheduling. Specifically, we think a procedure based on the following principle can be considered. 
Figure 1 shows an example for illustration purposes.
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Figure 1: Example XR Traffic Assistance Information reporting procedure
The XR Assistance Information on traffic characteristics can be configured and provisioned based on the following procedure description:
· The network can first configure a UE to provide scheduling assistance information. For example, the gNB may configure/request a UE to send UAI relating to XR traffics over RRC. Alternatively, the network may also map the reporting of assistance information to a different message layer (e.g., SDAP). The configuration may further include a prohibit timer and respective thresholds.
· Based on the configuration, the UE AS can interact with the application layer (and/or the tethering module) and indicate the need of information relating to XR traffic characteristics.
· The application layer provides information to the UE AS based on the request. The information may include traffic periodicity and expected packet size etc.
· The UE AS sends the information (provided by the application layer) to gNB, based on UAI with extended parameter sets.
· Based on the received UAI, the gNB may conduct scheduling accordingly (e.g., configure or re-configure CG for UL transmission, if deemed appropriate by the gNB scheduler) 
With regards to the actual data to be derived at the UE side, XR Traffic Assistance Information could be determined and reported according to on one of the following two options: 
1) Input from the application and/or tethering module following an internal handshake; or 
2) Detection or arrival times in the UE’s AS itself.
While the first option may require an (internal) API between UE Access Stratum and Application, the second option directly uses information locally available at the UE modem. Note that the UE in the second approach needs to filter and collect information for relevant QoS flows or logical channels. While reporting over RRC is one option for the 1st approach, SDAP might be suited for the 2nd approach, as it has a notion of the QFI. How the assistance data is derived (e.g., option 1 or 2) could be left to UE implementation, however, the desired parameter set itself could be controlled by the network as part of a configuration. 
We think RAN2 can further explore the possibility of allowing the UE to provide XR assistance information for the purposes of scheduling. For reporting over UAI a straightforward option is to introduce a new XRTrafficPatternInfo IE (like a traffic pattern info used by SL) for the parameters identified in the previous section.
Proposal 4: Provision of UE Assistance Information can be made configurable by the network, including the parameter set and the message layer. RAN2 to discuss the high-level principle/procedure of UE-Assistance Information relating to XR traffic characteristics.

Conclusions
This contribution provides a view on XR Traffic Assistance Information. We have following observations and proposals:
Observation 1: The UE can provide the RAN with updated XR traffic information more dynamically. 
Observation 2: TSCAI from CN may not always be adequate for XR scheduling, especially when UE-side application activities are considered.
Based on these observations, we think RAN2 should consider introducing mechanisms to facilitate provisioning of XR Traffic Assistance Information from the UE to the RAN in Rel-18.
Proposal 1: RAN2 should specify XR traffic assistance information from the UE that can be used to indicate a need for configuration updates based on traffic requirements and/or QoS adaptation, when it is deemed necessary for QoS fulfilment, reducing power consumption, and/or improving resource efficiency. 
Proposal 2: Information to facilitate XR awareness at the RAN relates to groups of packets, where periodicity, UL packet arrival time (start/stop), importance/priority, sequence, boundary, and size information can help utilize radio resources more efficiently.
Proposal 3: Jitter information of PDU Sets can help schedule and utilize radio resources more efficiently. RAN2 to discuss suitable QoS parameter options for jitter in uplink.
Proposal 4: Provision of UE Assistance Information can be made configurable by the network, including the parameter set and the message layer. RAN2 to discuss the high-level principle/procedure of UE-Assistance Information relating to XR traffic characteristics.
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