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1. Introduction
It has been widely discussed about what information is needed for XR awareness and how this information shall be provided. The following agreements were made during the past meetings.

	· 1. 
UE reports to RAN the range of jitter in its UL traffic, defined in the similar way as the one for N6 jitter.
· 2: Reference time is defined in similar way as BAT (Burst Arrival Time) at UE side.
· 2. 
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.
· 3
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).
· 1:  Do not use PIN delay budget request for jitter reporting for XR services.
· 3: Reuse existing mechanisms (e.g. (Padding) BSR with BS value equal to zero) as implicit End of Data Burst (EoDB) indicator for the RAN.
· 1: 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.


In this contribution, we will focus on more details about the uplink assistance information, including the formats and the trigger conditions for UL jitter and BAT report. We will also analyse whether more assistance information is needed for UL, such as the periodicity and the PSI.
2. Discussion
2.1
Jitter and data burst arrival time
RAN2 has already agreed that UE shall report UL jitter range and burst arrival time via the UAI framework. In this section, we will further discuss the details, such as the formats of the reported information and the trigger conditions of UAI, to make the framework clearer and more complete.

2.1.1
UAI Formats
In fact, RAN1 and SA4 have studied the modelling of jitter thoroughly. We think RAN2 can take their work as a reference to design the signalling for UL jitter report. In SA2 TR 26.926 [1], the jitter distribution is simulated and evaluated. According to the statistic, it is found that [-8, 8] ms could be the max jitter range for XR traffics with different packet sizes. RAN1 also studied about the jitter and gave the modelling in TR 38.838 [2]. As quoted below, jitter is regarded to have the baseline range of [-4, 4] ms and the optional range of [-5, 5] ms. RAN1 also agreed that [-8, 8] ms can be considered for jitter during the SI phase.
	TR 38.838

5.1.1.2
Packet arrival

The jitter follows truncated Gaussian distribution with following statistical parameters shown in Table 5.1-2.

Table 5.1.1.2-1: Statistical parameters for jitter
Parameter
unit
Baseline value for evaluation

Optional value for evaluation

Mean
ms

0

STD
ms

2

Truncation range
ms

[-4, 4]
[-5, 5]
 


Thus, to cover all the potential cases, at least [-1, 1] ~ [-8, 8] ms should be considered for the values of jitter reporting. As there may be additional delay for uplink tethering cases, some larger ranges can be considered as well. Besides, we also note that jitter follows truncated Gaussian distribution with the mean value of 0, which makes the jitter range symmetrical. Hence, a single value is enough to indicate the lower and upper bounds of the jitter range. In this way, we have the following proposal.
Proposal 1: Jitter range is reported using a single value. It should be possible to indicate at least the jitter range of [-1, 1] ~ [-8, 8] ms.
For the granularity of the parameter, as we discussed before, the jitter information is mostly used for CG configuration for UL. Considering the delay budget for uplink XR traffic such as UL AR is large, e.g. 30ms, the NW could configure the CG resource at the end of the jitter range so that the data would not be missed. For this purpose, we think a granularity of 1ms is enough.

Proposal 2: Jitter range is reported with the granularity of 1ms. 
Burst arrival time (BAT) is used to provide time reference for the reported jitter. One possible option is to reuse the ReferenceTime IE, which is also used for TSCAI. The ReferenceTime IE relies on using a clock, such as the widely used GPS. However, in indoor case, GPS is not available and reliable. Considering XR services may be deployed in high amount of indoor scenarios, e.g. cloud games and virtual meetings, such definition is not always suitable for XR.
As an alternative, we think BAT can be reported using the reference SFN and the reference slot. The indexes of frames and slots are always synchronized between the gNB and the UE. There is no requirement for clocks and the accuracy is not influenced by the environment. It is applicable for both outdoor and indoor scenarios. However, for outdoor cases, some accuracy would be lost compared to the ReferenceTime IE.

To obtain the outdoor accuracy leveraging GPS, as well as to guarantee the indoor feasibility, we propose to combine the above two alternatives using a choice structure, which can be designed as presented below. The UE can use the proper format to report jitter depending on whether GPS is available.

    BurstArrivalTime-r18            CHOICE {

        time                            ReferenceTime-r16,

        referenceSFN-AndSlot            ReferenceSFN-AndSlot-r18
}
ReferenceSFN-AndSlot-r18  ::=    SEQUENCE {


referenceSFN-r18




INTEGER (0..1023),


referenceSlot-r18




INTEGER (0..639)

}
Proposal 3: A choice structure comprising ReferenceTime IE and reference SFN/slot is designed for BAT reporting.
2.1.2
Trigger conditions
RAN2 should consider when the UE shall report the jitter range and the BAT. As the first step, the trigger conditions of the existing UAI can be used as a reference. As specified in TS 38.331 [3], the procedures for providing assistance information are usually initiated by the following conditions: (a) upon being configured; (b) upon the change of the corresponding information; (c) upon detecting some specific events.

For UL jitter range and BAT, the reported information is mainly useful for DRX and CG configuration. It would be better to allow the NW to obtain the information as soon as possible and keep it up to date. So we think the procedure should be initiated upon the UE being configured to report jitter or BAT and upon the change of the information.
Proposal 4: A UE capable of providing jitter range may provide the information upon being configured and upon change of the measured jitter range.

Proposal 5: A UE capable of providing BAT may provide the information upon being configured and upon change of the BAT.

It is easy to define and understand the change of the jitter range. If we define the jitter range with the granularity of 1ms as proposed in proposal 2, it is only regarded as changed when the measured range becomes 1ms larger or smaller, e.g. from [-4, 4] ms changing to [-5, 5] ms.
However, the change of BAT may be confusable. Considering the existence of jitter, the measured BAT may change per periodicity. However, it does not mean the traffic characteristic has changed. In fact, if there is only a small gap between the newly measured BAT and the previous reported one, it is not necessary to notify the gNB about the change since it is probably from a jittered data burst. To avoid the unnecessary uplink signalling, the UE can report the new BAT only when the gap between the new BAT and the previous one exceeds a threshold. The threshold can be configured by the network, e.g., based on the traffic periodicity and the jitter range.
Proposal 6: A UE capable of providing BAT may provide the updated information when the gap between the newly measured BAT and the previous reported value exceeds a threshold configured by the network.
Furthermore, similar to the current UAI framework, prohibit timers can also be introduced to avoid too frequent UAI signalling.
Proposal 7: Prohibit timers can be introduced for UL jitter and BAT report.
2.2
Other assistance information for UL
2.2.1
UL periodicity

SA2 has already agreed that both UL and DL periodicity can be provided by the CN, which can be found in TS 23.501 [4] already.

	5.37.8
UE power saving management

5.37.8.1
General

The following traffic assistance information may be provided by the CN to NG RAN in order to configure UE power saving management scheme for connected mode DRX:

-
UL and/or DL Periodicity;
-
N6 Jitter Information associated with the DL Periodicity;

-
Indication of End of Data Burst.


However, some companies believe we should also allow the UE to report UL periodicity in UAI. The main argument is that it may be quicker for the UE to report it via RRC than get this information via NGAP signalling. However, it should be noted that:

1. The periodicity for XR traffic depends on the frame rate of the traffic. Frame rate is not something that is dynamically adjusted by the application and is usually constant throughout the XR session. 

2. If frame rate needs to be adjusted, the decision would be made by the application server most likely, hence such information would be available at the CN right-away. CN may then update the TSCAI information accordingly for a given QoS flow.

Furthermore, if we specify periodicity information to be reported from two distinct sources, it may happen that this information is misaligned. In such situation, it is unclear what gNB should do. Since the information from the network side is usually deemed more reliable, the gNB would probably ignore the information reported by the UE anyway. 

Due to the above reasons, we propose the following:

Proposal 8: The traffic periodicity information is not included in the assistance information reported by the UE.

2.2.2
UL PSI

RAN2 has agreed that the identification of PSI is left to UE implementation for the UL. During RAN2#120 meeting, it was agreed that in-band marking was not needed for UL. Hence, currently the gNB has no way to know the PSI levels identified by the UE.
However, as per agreement in RAN2#122 meeting, RAN2 intends to support PSI-based PDU set discarding, which is controlled by the NW. 
	· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 


However, it is difficult for the network to utilize PSI-based discarding if the NW has no knowledge about the PSIs of the UL traffic. 

Firstly, when the network is congested, it has to decide which UEs shall be indicated to discard the unimportant PDU sets. At the moment, the NW would have to make this decision blindly as it does not even know which UEs have unimportant PDU sets. If the NW indicates a UE to perform the discard but there is no unimportant PDU set in the UE’s XR traffic at all, there are two possible results. One is the UE does not discard any PDU set and the congestion still exists. Another one is the UE discards some PDU sets, which mitigates the congestion. However, the discarded PDU sets may turn out to be important for the application causing the users experience to degrade heavily. Obviously, both results are not expected nor desired.
Secondly, the NW is also responsible to decide how much data shall be discarded to mitigate the congestion. This would be reflected in how many UEs are asked to discard PDU sets and how much data is asked to be discarded by each UE. Since the discarding is performed based on PSI, the NW can indicate the UE to discard PDU sets with specific PSIs. However, according to SA4’s definition, there are 16 levels of PSI. It would be difficult for the NW to determine which PSIs can be discarded or which PSIs are unimportant while not knowing which PSIs the UE identified and how much data per PSI is generated by the application. 
To address the above issues, we think we need to allow the UE to report information about its UL traffic’s PSIs. This information may depend on how PSI-based discarding feature is designed. For example, in the previous meeting’s offline discussion, majority of companies expressed a view that two levels of PDU set importance are sufficient for UL, as opposed to 16 levels agreed by SA4. If only two levels are supported, then it would be beneficial to know the statistical volume of data for each importance level, e.g. expressed as a rough ratio of low-importance PDU sets (e.g. 40% of traffic belongs to low-importance PDU sets). 
In case we assume that the UE categorizes traffic into one of the 16 levels of PSI and the network signals a PSI threshold for PSI-based discarding, it would also be beneficial for the UE to indicate per PSI data volume ratio. When the network congestion appears, the NW can estimate how much data shall be discarded to relieve the congestion and choose the proper PSIs. 
Proposal 9: It should be possible for the UE to report UL data volume ratio per PSI or per low/high importance PDU set groups.
3. Conclusion

Based on the discussion in this paper, the following is proposed:
· Jitter and data burst arrival time:
· UAI formats:
Proposal 1: Jitter range is reported using a single value. It should be possible to indicate at least the jitter range of [-1, 1] ~ [-8, 8] ms.

Proposal 2: Jitter range is reported with the granularity of 1ms. 
Proposal 3: A choice structure comprising ReferenceTime IE and reference SFN/slot is designed for BAT reporting.
· Trigger conditions:

Proposal 4: A UE capable of providing jitter range may provide the information upon being configured and upon change of the measured jitter range.

Proposal 5: A UE capable of providing BAT may provide the information upon being configured and upon change of the BAT.
Proposal 6: A UE capable of providing BAT may provide the updated information when the gap between the newly measured BAT and the previous reported value exceeds a threshold configured by the network.
Proposal 7: Prohibit timers can be introduced for UL jitter and BAT report.
· Other assistance information for UL:
Proposal 8: The traffic periodicity information is not included in the assistance information reported by the UE.

Proposal 9: It should be possible for the UE to report UL data volume ratio per PSI or per low/high importance PDU set groups.
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