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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 has an objective to specify RAN2 enhancements for provisioning of XR traffic assistance information by the UE. 
As part of the Rel-18 work item, RAN2#123 is going to continue the XR-Awareness discussion.
	RAN2 has agreed the following in the #122 meeting:
· UE reports to RAN the range of jitter in its UL traffic, defined in the similar way as the one for N6 jitter. 
· Reference time is defined in similar way as BAT (Burst Arrival Time) at UE side. 
· UL assistance information (burst arrival time, UL jitter, FFS on periodicity) is reported per QoS flow. Network can configure for which QoS flow UE should report assistance information. 
· RRC UAI framework is updated for Rel-18 to support signalling UL assistance information agreed so far for XR (Jitter, burst arrival time, FFS on periodicity). 
· Do not use PIN delay budget request for jitter reporting for XR services. 
· Reuse existing mechanisms (e.g. (Padding) BSR with BS value equal to zero) as implicit End of Data Burst (EoDB) indicator for the RAN. 
· On the UL, the identification of PDU sets, data bursts and PSI is left to UE implementation. This doesn’t mean UE cannot use information provided by upper layers, but RAN2 does not intend to specify how.


Accordingly, RAN2#123 is expected to discuss UAI for XR traffic assistance information from UE to network including parameters reported and how the network configures for the UE. 
This contribution aims to discuss some of our views with respect to the normative work on XR-awareness. We discuss what parameters could be beneficial as assistance information and how a high-level procedure might look like.
 
Discussion
Contents of XR Traffic Assistance Information
This section provides a sketch of a basic parameter set for UAI reporting for XR traffics. The parameter set is generic and can vary for different options. We think the UE could provide the following information as part of XR Traffic Assistance Information to the RAN:
· Periodicity
· Traffic Parameters (jitter range, burst arrival time, data size) 
· Direction (UL or DL)
Although the RAN may obtain this information from the CN, it may take a long time for some of it (especially the traffic information for UL) to reach the RAN in a timely manner. Therefore, it is more efficient for the UE to provision the RAN with latest assistance information directly. For the reporting granularity, assistance information could be reported for a QoS flow as agreed in the last RAN2 meeting, or in special cases, even for a particular CG/SPS or PDU Set Importance level. 
Observation 1: XR Traffic Assistance Information should include at least jitter information, burst arrival time, and periodicity. Optionally, data size reporting can be useful as well, for example, when a QoS flow uses less than MDBV or carries non-GBR traffic [3]. 
Reporting of UE assistance information for uplink traffic flows is more important than the reporting for downlink traffic flows, but since activities on UL/DL flows are interrelated the UE has all the information. Thus, 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 1: The network can configure the UE to perform UAI reporting relating to XR traffics including the parameter set and the direction.
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Figure 1: Example CG re-adjustments based on UAI
Figure 1 shows different kinds of resource allocation adjustments associated with UAI for XR.
Reporting of Periodicity and BAT
The last RAN2 meeting concluded that UAI includes at least burst arrival time and UL jitter, while the periodicity was left FFS. 
Many companies also suggested that information provided by the UE for the reporting of XR Traffic Assistance Information should follow the content of TSC Assistance Information (TSCAI). TSCAI contains parameters on e.g., periodicity (UL/DL), periodicity range, burst arrival time (BAT), jitter information, and the direction. 
Per the SA2 definition of TSCAI in TS 23.501, table 5.27.2-1, the CN provides only one of the parameters Burst Arrival Time (BAT) or N6 Jitter Information for a given traffic flow. If N6 Jitter Information is present, then the jitter information is associated with a DL periodicity. 
As BAT offset reporting will be also needed for RAN feedback for low latency communication as part of TRS_URLLC in Rel-18, from RAN2 perspective we think both the periodicity and the BAT can be defined as optional parameters in UAI. The network can configure the UE which parameter option to use. 
Proposal 2: Both the periodicity and the BAT can be defined as optional parameters in UAI. The network can configure the UE with a reporting format to use.
Periodicity updates may result from a range of different reasons. For example, periodicity updates may come as part of rate adaptations known to higher layers and the application server in the CN. In other cases, the RAN may want to optimize the radio allocation based on packet arrival times. From a UE perspective, generation of PDU Sets in the media layers and their associated packet arrival times at the modem is also influenced by factors internal to the UE (refer to [2] for a few examples). Further, UL traffic periodicity can be influenced by UE App activities that cannot be tracked by CN easily. In yet another example, it may be required to map multiple XR traffic streams into one composite traffic flow at the UE side. Therefore, the most optimal periodicity may change from time to time.
Observation 2: For power efficiency and alignment of radio resource scheduling with packet arrival rates at the UE side, it is beneficial if the UE can provide the RAN with periodicity information. 
Proposal 3: Periodicity information can be provided as a single periodicity value, or the UE may optionally provide the RAN with multiple periodicity values for a QoS flow.
With UAI reporting of a ‘periodicity range’ (basically a list of recommended periodicities) the RAN can select one of them. Like in TSCAI, the periodicity range can be provided as a value range or a list of periodicity values.

Format of UL Jitter Information
Following the agreement in RAN2#122 (as shown in section 1 above), the range of jitter in its UL traffic will be defined in a similar way as the one for N6 jitter. For N6 jitter in the DL, the UPF can be configured to send a N6 Jitter Measurement Report periodically or only when the jitter is larger than a threshold. The DL periodicity associated with N6 jitter information indicates the positive or negative deviation of the arrival time of first packet of a Data Burst compared to the ideal Data Burst start time which is be determined based on the DL periodicity. The range of the jitter in the N6 Jitter Measurement is represented by a minimum and a maximum value indicating the downlink packet jitter range over N6 in milliseconds (refer to TS 29.244). To have a consistent definition of the jitter range throughout the 5G system, RAN2 may define the format in a similar way as SA2/CT4.
Proposal 4: For reporting of UL jitter range, RAN2 may follow the SA2/CT4 format with two parameter fields for [min, max] in milliseconds. 

Assumptions on the Parameter Set
Based on the SA2 definition, jitter information in TSCAI is associated with a DL periodicity. Probably the same assumption can be taken for uplink reporting of jitter over UAI. However, the periodicity may be defined as a separate parameter that can be independent of jitter information. By doing so, the UE would be able to suggest an update of the periodicity information on its own, that is, without going via the AF and the whole CN on application layer. This will be much faster.
Consequently, jitter and periodicity could be reported via the following options. 
· Option 1: Two parameters, one for periodicity and one for jitter. If jitter is present, then a periodicity value has to be provided as a reference. Alternatively, periodicity can be indicated separately as a suggested value the UE prefers, e.g., based on traffic arrival pattern from higher layers, overlap with other traffic flows, etc. 
· Option 2: One parameter with two sub-fields, one for jitter and one for periodicity. 
In our views, Option 1 is preferred as the reference timing for uplink jitter can be indicated via periodicity naturally. 
The RAN can identify the (absolute) time reference associated with periodicity + jitter by observing packet arrival times in DL over a period of time, and it would map that to a resource allocation. In UL, the resource allocation is anyhow provided by the RAN, so the UE may report the jitter relative to that allocation. 
In another configuration, the burst arrival time can be used as a time reference for the UL jitter reported by the UE. This is useful especially when the UE intends to recommend a different periodicity to the RAN. 
Proposal 5: Traffic periodicity should be supported as a part of UAI, as such information can implicitly indicate the BAT. Also, UL traffic periodicity can be influenced by UE App activities that cannot be tracked by CN easily.
Proposal 6: For the jitter information, jitter range and reference time (BAT) can be reported together. If periodicity is supported, then jitter information is periodicity + range (e.g., the current resource allocation is used as a time reference).
Proposal 7: For cases where the UE intends to suggest an alternative periodicity or a periodicity range to the RAN, the UE can also do so by reporting periodicity + BAT + jitter, in which case BAT is used as a time reference.

Procedure for Configuration and Reporting of XR Traffic UAI
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 RAN 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 along with a reporting config. 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 be used to derive recommended traffic periodicity, jitter, expected packet size, etc.
· The UE AS sends the information (provided by the application layer) to RAN, based on UAI with extended parameter sets.
· Based on the received UAI, the RAN may conduct scheduling accordingly (e.g., configure or re-configure CG for UL transmission, if deemed appropriate by the RAN scheduler) 
We think RAN2 can further define the option to provide XR assistance information for the purposes of radio resource 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 8: 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: XR Traffic Assistance Information should include at least jitter information, burst arrival time, and periodicity. Optionally, data size reporting can be useful as well, for example, when a QoS flow uses less than MDBV or carries non-GBR traffic [3]. 
Proposal 1: The network can configure the UE to perform UAI reporting relating to XR traffics including the parameter set and the direction. 
Proposal 2: Both the periodicity and the BAT can be defined as optional parameters in UAI. The network can configure the UE with a reporting format to use.
Observation 2: For power efficiency and alignment of radio resource scheduling with packet arrival rates at the UE side, it is beneficial if the UE can provide the RAN with periodicity information. 
Proposal 3: Periodicity information can be provided as a single periodicity value, or the UE may optionally provide the RAN with multiple periodicity values for a QoS flow.
Proposal 4: For reporting of UL jitter range, RAN2 may follow the SA2/CT4 format with two parameter fields for [min, max] in milliseconds. 
Proposal 5: Traffic periodicity should be supported as a part of UAI, as such information can implicitly indicate the BAT. Also, UL traffic periodicity can be influenced by UE App activities that cannot be tracked by CN easily.
Proposal 6: For the jitter information, jitter range and reference time (BAT) can be reported together. If periodicity is supported, then jitter information is periodicity + range (e.g., the current resource allocation is used as a time reference).
Proposal 7: For cases where the UE intends to suggest an alternative periodicity or a periodicity range to the RAN, the UE can also do so by reporting periodicity + BAT + jitter, in which case BAT is used as a time reference.
Proposal 8: RAN2 to discuss the high-level principle/procedure of UE Assistance Information relating to XR traffic characteristics.
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