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1. Introduction
During RAN2#123 meeting, it has been agreed that UE can report burst arrival time, jitter and data burst periodicity in uplink using UAI. 
	· 1: UE reports Burst Arrival time and Jitter associated with the UL data burst periodicity in uplink using UAI.  

· UE reports UL data burst periodicity in uplink using UAI.

· All UAI fields for XR are optional fields in RRC. FFS how to handle persistency of signalled information (e.g. UE reports BAT first, then jitter).

· Consider exact jitter range later on (e.g. via email discussion)

· UE can also report there is no jitter (e.g. for pose).

· Reuse UAI framework, e.g. network can configure when UE is allowed to report UAI. Exact triggering upon being configured and change of UAI is up to UE implementation. Network can configure prohibit timer for the reporting.


In this contribution, we will focus on more stage-3 details about UAI, including the signalling formats for UL jitter and BAT report. Moreover, we will give our analysis on the necessity of UE reporting UL PSI information.
2. Discussion
2.1
PDU set importance

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. 

In any case, the information reported via UAI is supposed to be semi-static, so it should be gathered by the UE over some time window while the application is running. However, this aspect can be left up to UE implementation.

Proposal 1: It should be possible for the UE to report UL data volume ratio per PSI or per low/high importance PDU set groups in a semi-static way via UAI.
2.2
PDU set awareness

2.2.1
Upper layer assistance information for the UE

To support XR in UL, the PDU set concepts defined by SA2 should also be applied to UL. UE needs to identify the PDU sets and the corresponding PDU set importance to perform PDU set based handling, such as PDU set discard. It has been agreed in RAN2-121 meeting that how to identify the PDU sets is up to UE implementation which does not exclude assistance information being provided to the UE by upper layers:

	· 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.


As specified in TS 23.501, in DL direction, SMF provides "PDU Set Information Marking Indicator" and "Protocol Description" to enable UPF to perform PDU Set Information identification and marking. 

The SMF instructs PSA UPF to perform PDU Set marking and may provide the PSA UPF the Protocol Description indicating the header, extension header (e.g. RTP/SRTP) and payload type (e.g. H.264) used by the service data flow. The Protocol Description may be received in the PCC rule, based on information provided by the AF or by PCF local policies as described in clause 5.37.5.1.
Observation 1: As outlined in TS 23.501, in order to facilitate the PDU set identification by the UPF in DL direction, the SMF can provide UPF with additional information, e.g. Protocol Description. 
In UL direction, since the UE performs PDU Set identification, UE also needs to be able to determine the following two pieces of information:

1) For a UL QoS Flow, whether PDU Set identification should be performed;

2) If yes, what protocol description should be used for identifying PDU Set Information from the user packet.
Observation 2: Similarly to the UPF in DL, in UL, UE needs to determine whether PDU Set identification should be performed for a QoS Flow and protocol description to be used for the identification. 

To allow the UE perform PDU set identification for UL traffic, the UE should also be provided with an additional information by the upper layers, which is actually aligned with the previous RAN2 agreement. RAN2’s intention was not to prevent other WGs from discussing such assistance information, but simply acknowledged that such information only exists in upper layers and RAN2 does not intend to discuss upper layer behaviour. 
Observation 3: It was not the intention of the previous RAN2 agreement on PDU set identification being up to UE implementation to exclude additional assistance information being provided to the UE by upper layer signaling nor to prevent SA2/CT1 to discuss provisioning of such information directly.
However, in other WGs (i.e. SA2 and CT1), it was argued by some companies that SA2/CT1 should not work on such mechanism unless instructed directly by RAN2 which goes against the spirit of RAN2 agreement. In order to make RAN2 intention clear and allow other WGs to do their work directly, we propose to agree on the following:
Proposal 2: RAN2 agrees that some assistance information provided to the UE in the upper layer signalling would be useful, e.g. similar to the one provided from SMF to UPF. Send an LS to SA2/CT1 to inform them about this and ask them to discuss any required details.
2.2.2
UE’s ability for PDU set identification for a QoS flow

To inform the network about whether the UE is capable to perform PDU set identification and PDU set based handling, the related UE capabilities will have to be introduced. However, the traditional UE capability mechanism may not be sufficient to tell whether the PDU set identification is possible for a specific traffic stream. This is because the identification has a dependency to the XR application, i.e. it may be achievable for some applications, but not for others. For example, the UE may not be able to do PDU set identification in case upper layers utilize a protocol which performs packet encryption such as QUIC or IPSec, or when the application does not employ RTP header extensions on which the UE relies for PDU set identification.
In these cases, even if the UE indicates a capability to support PDU set based handling in AS layer, it may turn out not able to do that eventually. So, the network should not configure the UE for PDU set handling based only on the UE capability to perform PDU set based discarding. A more dynamic information is needed from the UE to indicate its actual awareness of the PDU set information. Such indication can only be provided after the UE receives some data from the application.
To provide such indication from the UE to the network, UAI mechanism can be reused as UAI framework has been already agreed to provide other XR-related information such as jitter, BAT and periodicity. If PDU set capabilities are received via the traditional UE capability mechanism, the network can configure the UE to report the UAI before configuring the corresponding PDU set based functionalities. The UE may try to identify the PDU sets for the configured QoS flow and if it is feasible, a support indication can be sent to the network via the UAI. Then the network can continue with the PDU set handling configurations.
Proposal 3: UE indicates whether PDU set identification is possible for specific QoS flows via UAI.

2.3
Burst arrival time

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 4: A choice structure comprising ReferenceTime IE and reference SFN/slot is designed for BAT reporting.
2.4
Jitter
As we know, 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 [0, 0] ~ [-8, 8] ms should be considered for the values of jitter reporting, where the value 0 can be used to indicate that there is no jitter. 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 5: Jitter range is reported using a single value. It should be possible to indicate at least the jitter range of [0, 0] ~ [-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 6: Jitter range is reported with the granularity of 1ms. 
3. Conclusion

Based on the discussion in this paper, the following is proposed:
Proposal 1: It should be possible for the UE to report UL data volume ratio per PSI or per low/high importance PDU set groups in a semi-static way via UAI.
Proposal 2: RAN2 agrees that some assistance information provided to the UE in the upper layer signalling would be useful, e.g. similar to the one provided from SMF to UPF. Send an LS to SA2/CT1 to inform them about this and ask them to discuss any required details.
Proposal 3: UE indicates whether PDU set identification is possible for specific QoS flows via UAI.

Proposal 4: A choice structure comprising ReferenceTime IE and reference SFN/slot is designed for BAT reporting.
Proposal 5: Jitter range is reported using a single value. It should be possible to indicate at least the jitter range of [0, 0] ~ [-8, 8] ms.

Proposal 6: Jitter range is reported with the granularity of 1ms. 
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