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1	Introduction
As discussed in the last meeting, PDU Set information is considered useful for RRM operations in uplink and especially jitter, reference time, periodicity, and End of Data Burst (EoDB) indicator. In particular, the following agreements were made
	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.



2	XR enhancements to RRC UAI
In RAN2 #123 the following main options have been proposed for the representation of the jitter signalled using RRC UAI framework:
-	Option 1 (avg/min/max): the mean, minimum, and maximum values of the jitter are reported.
-	Option 2 (avg/std): the mean and standard deviation of the jitter are reported.
-	Option 3.A (min/max): the minimum and maximum values of the jitter are reported.
-	Option 3.B (X=single value): a single value of the jitter is reported being the jitter symmetric around 0 (i.e., mean=0, min=-X, max=+X).
We observe that Option 1 and Option 3.A are the most flexible since they allow to represent jitter with asymmetrical range distribution, whereas Option 2 and Option 3.B assume that jitter is centred around a mean value. However, SA4 has showed that jitter distribution of packets carrying XR video frames is usually long tailed. Therefore, Option 1 and Option 3.A result the best formats to represent jitter of XR services. We further observe that the mean value of the jitter is not needed, since it was agreed in RAN2 #123 to provide both reference time and periodicity of the traffic. These two parameters identify the expected arrival time of each burst as illustrated in Figure 1. While in theory jitter can be recentred around the expected arrival time for example by sifting the reference time, this making Option 3.A and 3.B equivalent, in practice this would require observing the traffic for long time to collect the unlikely jitter samples which almost never occurs. Therefore, with Option 3.A the UE can provide reference time and periodicity based on the time the XR connection has been established and its knowledge of the framerate, which do not depend on observing the traffic. At the same time, with Option 3.A the UE can provide a safe range for the jitter and updated it over time. In contrast, other options that require to shift the reference time like Option 3.B would require the knowledge of the jitter range when the reference time is signalled to the network.
[image: ]
[bookmark: _Ref146011168]Figure 1 – Traffic pattern using reference time, periodicity, minimum and maximum values of jitter
Observation 1: Reference time and periodicity of the traffic identify the expected arrival time of each burst.
Observation 2: Jitter distribution can be time long tailed and jitter range can be shifted with respect to the expected arrival time.
Proposal 1: Consider Option 3.A (min/max) as format of the jitter singled using RRC UAI.
A possible implementation in the RRC running CR would look like this [R2-2309315]:

	
QOS-FlowUL-TrafficInfo-r18 ::=       SEQUENCE {
    qfi-r18                             INTEGER (0..maxQFI),
    jitterRange-r18                     SEQUENCE {
		min                             INTEGER (0..100)
		max                             INTEGER (0..100)
	} OPTIONAL,
    burstArrivalTime-r18                ReferenceTime-r16       OPTIONAL,
    trafficPeriodicity-r18				FFS_TYPE                OPTIONAL
    ...
}

jitterRange
Indicates the maximum deviation of the arrival time of the first packet of a Data Burst compared to the time indicated with burstArrivalTime and the periodicity of the Data Bursts.
min
Indicates the lower bound of jitterRange i.e. when the first packet of a Data Burst arrives before the time indicated with burstArrivalTime. Actual value = field value * -0.1ms. 
max
Indicates the upper bound of jitterRange i.e. when the first packet of a Data Burst arrives after the time indicated with burstArrivalTime. Actual value = field value * 0.1ms. 




The suggested range allows signalling [-10.0ms; +10.0ms], which matches the values given by SA4 in TR 26.926.

3	End of Data Burst (EoDB)
In RAN2 #122, it was agreed to adopt (Padding) BSR with BS value equal to zero as implicit End of Data Burst (EoDB) indicator for the RAN. However, using only (Padding) BSR as EoDB indicator comes with the following drawbacks:
-	Padding BSR is transmitted opportunistically only when the grant is larger than the data to be transmitted. In this case, the UE can add Padding BSR to get an additional grant or to indicate the EoDB.
Observation 3: Padding BSR is transmitted only when the grant is larger than the data to be transmitted.
To solve this issue new conditions can be considered to trigger the transmission of BSR as EoDB. For example, when the buffer status of a logical channel (LCH) or logical channel group (LCG), which carries the XR traffic, becomes empty a regular BSR with BS equal to zero is triggered. This additional trigger can be explicitly configured by the gNB via RRC signalling, for instance for logical channels carrying QoS flows enabled with PDU Set based QoS handling by 5GC only.
Proposal 2: Define a new trigger for BSR as EoDB indication based on the status of the LCH or LCG buffers.
In many cases just triggering regular BSR as EoDB indicator soon after the buffer becomes empty may not be enough and provide wrong indication to the network. For example, when a single Data Burst contains multiple PDU Sets and consecutive PDU Sets enter the UE buffer with a certain delay as illustrated in in Figure 2, this solution may not work properly as EoDB indication. Indeed, the accuracy of BSR as EoDB indication depends on several parameters, procedures, and triggers including the time when the last PDU of the Data Burst is detected by upper layers, the preparation time of the BSR report, the time when the BSR is set by the UE, and the time the PDU of each PDU Sets are pushed into the UE layer 2 buffer (i.e., either LCH or LCG buffer). For example, a delay between the first and second PDU Sets within Data Burst 1 may lead the UE to erroneously trigger a BSR for EoDB when the last PDU of the PDU Set 1 is pulled from the buffer.
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[bookmark: _Ref134712918]Figure 2 – Multiple PDU Sets are included in one Data Burst.
Observation 4: Triggering regular BSR as EoDB indication as soon as the buffer becomes empty may result in wrong EoDB indication to the network.
Note that when the network receives the EoDB indication, it may indicate to the UE to enter in sleep mode using WUS or skip the monitoring of the PDCCH by switching SSSG. The only way for the UE to rectify this early EoDB indication is to send a Scheduling Request (SR) to indicate to the NW that additional data is ready to be transmitted. However, the data transmission may be delayed beyond the PDB depending on when this early EoDB indication occurs and system settings including the frame structure, and numerology. This problem can be solved by considering an additional EoDB timer, which is handled according to the following logic:
-	when the LCH/LCG buffer becomes empty, the EoDB timer is triggered;
-	any PDU entering the buffer causes the reset and stop of the EoDB timer.
When the EoDB timer expires, the UE triggers the transmission of a BSR as EoDB indication. This way the EoDB is indicated only after the EoDB timer expires and unpredictable yet small delays between PDUs within the same data burst will not trigger premature EoDB indication.
Observation 5: Delay between consecutive PDUs within the same Data Burst may cause the early triggering of BSR as EoDB indication when the buffer becomes empty. This eventually increases the scheduling delay of the remaining data of the burst possibly beyond the PDB or PSDB.
Proposal 3: Define a new timer to trigger a BSR as EoDB indication to avoid early triggering of EoDB indication.
While the EoDB Timer solves the issue of early EoDB indication, using BSR for EoDB indication can still exhibit other problems due to the rules and conditions indicated in the TS 38.321 for triggering the BSR report. For example, when the UE can fill the whole grant with the buffered data and MAC CEs with higher priority than BSR, the UE shall remove the transmission of the BSR since there is no additional space for the (Padding) BSR, because TS 38.321 states:
“All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader.”
When the BSR as EoDB indication is cancelled, the network is unaware that the UE has no more data to transmit until the next data burst. Therefore, the network can schedule another grant for the UE (for example based on the last BSR it has received). The grant will not allow the UE to enter sleep mode since a DCI command will be sent by the network and the DCI will trigger the DRX inactivity timer, which keeps the UE active even if the UE has no data in the buffer to transmit. While this problem does not cause the loss (or delay) of any data, the UE loses an opportunity to save some power by entering in sleep mode and the network wastes radio resources since the granted resources are used by the UE only to send a BSR for EoDB – something that was already available as information at the UE, but it could not be transmitted due to the cancelling of BSR.
Observation 6: The cancellation of BSR as EoDB indication when there is no space in the grant to accommodate BSR and its subheader may cause higher UE power consumption and waste of radio resources.
This problem can be solved if the EoDB indication is provided by higher layers (e.g., in PDCP). Specifically, the new design properties of the EoDB indication are:
-	new BSR trigger based on application EoDB indication in PDCP;
-	new dedicated LCID as indication of EoDB;
-	new priority arrangement for MAC CE construction.
The new dedicated LCID (point 1) together with a new BSR trigger based on application EoDB (point 2) eliminate the need of using BSR with BS=0 and enable the possibility of triggering the EoDB indication even when some buffer is not empty, respectively. For example, in case of eMBB and XR traffic mapped into two different LCGs, the EoDB of the XR traffic can be signaled to the network using a BSR with new LCID together with a BSR for the size of buffered eMBB data. This provides more flexibility to decide and control data transmission and UE sleep operations. Finally, the new priority arrangement for MAC CE construction (point 3) enables the transmission of BSR as EoDB indication when there is not enough space for all MAC CEs. Specifically, to make sure the new LCID is used as EoDB indication, the new trigger must be with higher priority than Regular or periodic BSR and by extension padding BSR.
Proposal 4: Define a new BSR trigger based on application EoDB indication in PDCP and a new dedicated LCID as indication of EoDB.
[bookmark: _Hlk146207059]Proposal 5: Update the priority of logical channels indicated in section 5.4.3.1.3 of TS 38.321. 


3	Conclusion
This document has made the following observations:
Observation 1: Reference time and periodicity of the traffic identify the expected arrival time of each burst.
Observation 2: Jitter distribution can be time long tailed and jitter range can be shifted with respect to the expected arrival time.
Observation 3: Padding BSR is transmitted only when the grant is larger than the data to be transmitted.
Observation 4: Triggering regular BSR as EoDB indication as soon as the buffer becomes empty may result in wrong EoDB indication to the network.
Observation 5: Delay between consecutive PDUs within the same Data Burst may cause the early triggering of BSR as EoDB indication when the buffer becomes empty. This eventually increases the scheduling delay of the remaining data of the burst possibly beyond the PDB or PSDB.
Observation 6: The cancellation of BSR as EoDB indication when there is no space in the grant to accommodate BSR and its subheader may cause higher UE power consumption and waste of radio resources.

And proposed the following:
Proposal 1: Consider Option 3.A (min/max) as format of the jitter singled using RRC UAI and corresponding text proposal.
Proposal 2: Define a new trigger for BSR as EoDB indication based on the status of the LCH or LCG buffers.
Proposal 3: Define a new timer to trigger a BSR as EoDB indication to avoid early triggering of EoDB indication.
Proposal 4: Define a new BSR trigger based on application EoDB indication in PDCP and a new dedicated LCID as indication of EoDB.
Proposal 5: Update the priority of logical channels indicated in section 5.4.3.1.3 of TS 38.321. 
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