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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#123 meeting [1], some good progress was achieved on the UAI enhancements in support of XR traffic, as captured below:
	· 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. 


And a running TS 38.331 CR was agreed in [2] following a post-meeting email discussion, capturing the RRC-related agreements so far.
In this contribution, we address the leftover stage 3 details on UAI reporting in support XR.
Discussion
1.1. Burst Arrival Time
1.1.1 Definition
In RAN2#122 meeting, it was agreed:
	2: Reference time is defined in similar way as BAT (Burst Arrival Time) at UE side.


where the reference time refers to the time when the periodic sequence of XR bursts arrivals should be time-aligned with, and the BAT is the SA2 definition of equivalent burst arrival time in TSCAI designed in R17 in support of Time Sensitive Communications, for example when 5G System is integrated as a bridge in an IEEE 802.1 TSN network [3]. In this context, SA2 defined the BAT as follows [3]:
Table 5.27.2-1: TSC Assistance Information (TSCAI)
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two data bursts.

	Burst Arrival Time (optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress of the UE (uplink flow direction).

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], refers to the time period an application can survive without any data burst.

	Burst Arrival Time Window (BAT Window) (optional)
(NOTE 1) (NOTE 2)
	Indicates the acceptable earliest and latest arrival time of the first packet of the data burst at either the ingress of the RAN (downlink flow direction) or the egress of the UE (uplink flow direction).

	Capability for BAT adaptation (optional) (NOTE 1)
	Indicates that the AF will adjust the burst sending time according to the network provided Burst Arrival Time offset (see clause 5.27.2.5).

	N6 Jitter Information (optional)
(NOTE 3)
	Jitter information associated with the Periodicity in downlink (see clause 5.378.1).

	Periodicity Range (optional) (NOTE 4)
	It indicates that the AF will adjust the periodicity and provides the acceptable range (which is formulated as lower bound and upper bound of the Periodicity) or acceptable Periodicity value(s) (which is formulated as a list of values for the Periodicity).

	NOTE 1:	Only one of the parameters (BAT Window or Capability for BAT adaptation) can be provided.
NOTE 2:	The parameter can only be provided together with Burst Arrival Time.
NOTE 3:	Only one of the parameters Burst Arrival Time or N6 Jitter Information may be provided for a given Traffic Flow.
NOTE 4:	The Periodicity Range can only be provided together with Periodicity when Burst Arrival Time and Burst Arrival Time Window are present.


Clearly, the above SA2 definition does not match with what the XR BAT should reflect in UL. Indeed, the above SA2 BAT is never provided along with the jitter information (NOTE 3) so that the BAT somehow already includes the jitter (latest possible time). For XR, since the BAT can come with a related jitter information, it should rather define the reference point for the jitter which is the average value of the arrival time of the first packet of the burst. The current field description of the BAT in the RRC running CR defines the BAT as “the Data Burst arrival time for the concerned QoS flow” and should be corrected accordingly.
Proposal 1: The definition of the BAT in the field description of the burstArrivalTime should be updated as follows: “indicates the average value of the arrival time of the first packet of the Data Burst”.  
1.1.2 Coding
Furthermore, [3] captures that BAT is provided by CN to RAN in 5G clock reference:
	The Burst Arrival Time and Periodicity component of the TSCAI that the SMF sends to the 5G-AN are specified with respect to the 5G clock. The SMF is responsible for mapping the Burst Arrival Time and Periodicity in the TSC Assistance Container from an external clock to the 5G clock based on the time offset and cumulative rateRatio (when available) between external time and 5GS time as measured and reported by the UPF.


Based on above, the UL BAT conveyed in UAI in support of UL XR traffic scheduling was captured in the RRC running CR [2] with ReferenceTime-r16 type, an IE used in RRC to code the timing information for 5G internal system clock as follows:
ReferenceTime-r16 ::=           SEQUENCE {
    refDays-r16                         INTEGER (0..72999),
    refSeconds-r16                      INTEGER (0..86399),
    refMilliSeconds-r16                 INTEGER (0..999),
    refTenNanoSeconds-r16               INTEGER (0..99999)
}

However, we do not think this was the initial intention of the above RAN2 agreement to exactly follow the SA2 definition and coding, as also captured by RRC Rapporteur in the following Editor’s notes:
Editor’s note: Current definition of burstArrivalTime is based on the BAT definition, as per the agreement. However, this requires the UE to have GNSS/GPS time available. RAN2 should discuss whether this is always possible and reliable, e.g. indoors, or whether some other method should be used to indicate jitter reference, e.g. referring to SFN/slot etc.
Editor’s note: If the current definition is kept, the required accuracy/granularity for burst arrival time needs to be decided by RAN2 (it was 1us for BAT in IIOT), which may impact the definition above.
Indeed, practically, the BAT report is intended to be used by gNB to configure the time offset of the CG configuration to be mapped on this UL QoS flow. Therefore, a convenient approach is to reuse the start time of a CG Type 1 configuration, namely: timeReferenceSFN, timeDomainOffset, startSymbol.
Proposal 2: The reported burst arrival time is defined in UAI by reusing the start time of a CG Type 1 configuration, namely: timeReferenceSFN, timeDomainOffset, startSymbol. 
1.2. Burst Periodicity
This parameter is currently defined in the running RRC CR as follows and its encoding is FFS:
	trafficPeriodicity
Indicates time period between start of two data bursts.


Similar to the BAT, the periodicity is subject to jitter and should therefore be defined as an average. Moreover, similar to the enhancements agreed on DRX periodicity, it should be defined in rational number to properly match the XR frame rates. 
Proposal 3: The reported burst periodicity is defined as the average periodicity of the traffic bursts and coded in rational number.
1.3. Jitter
This parameter is currently defined in the running RRC CR as follows and its encoding is FFS:
	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.


And the SA2 equivalent definition for the DL jitter, is given below [3]:
	The DL periodicity associated N6 jitter 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.


This parameter defines the range of the variation of the bursts arrival times or, equivalently of the periodicity. Since this variation depends on the encoding delay of different types of video frames, the distribution of this variation should not be expected to be Gaussian, but rather a bounded peak-to-peak value as also characterized in Figure 3b of [3]. As a result, the jitter should be defined by the lower and upper bounds of the observed traffic burst periodicity variation around its average value, namely [-tmin, +tmax].    
Proposal 4: The reported jitter parameter is defined by the lower and upper bounds of the variation around its average value of the traffic burst arrival time, [-tmin, +tmax].
1.4. UAI reporting for XR
In the current running RRC CR [2], the new UL traffic information has been added as a new UAI information, namely ul-TrafficInfo, without changing the overall UAI procedure. For example, as captured below, if configured to provide UL traffic information, the UE is mandated to provide it. However, all three values (BAT, periodicity and jitter) results from UE measurements on the UL traffic. And as captured in the Editor’s note, such measurements may need some time to converge.
	1>	if configured to provide UL traffic information:
2>	if the UE did not transmit a UEAssistanceInformation message with ul-TrafficInfo since it was configured to provide UL traffic information; or
2>	if any of the UL traffic information included in the previous UEAssistanceInformation has changed since the last transmission of the UEAssistanceInformation message containing ul-TrafficInfo and timer T346x is not running:
3>	start timer T346x with the timer value set to the ul-TrafficInfoProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide UL traffic information.
NOTE: 	The UE only considers burstArrivalTime to have changed when it changes relative to the periodicity of the Data Burst arrival.
Editor’s note: The UE may not have UL traffic information available immediately after being configured to provide it by the gNB. RAN2 may need to discuss whether this should be handled somehow, e.g. specifying that the UE may delay the first transmission of this information until the relevant information is available at the UE.


We take it even one step further as, in some cases, the measurements may actually not converge (depending on the jitter variation, e.g. in tethering case, the traffic may not end-up being nicely periodic and both BAT and periodicity may be tricky to estimate). And in such case, we believe it is important that UE informs the gNB about it rather than reporting inaccurate values. In such case, gNB may then prefer to address the traffic with baseline dynamic scheduling rather than configured grants. How to exactly report that the UE did not converge to an accurate value for a given parameter can be further discussed (e.g. a special value in the value range), but at least gNB should know.
Proposal 5: For each field of ul-TrafficInfo, the UE should have the possibility to report that no satisfactory/accurate-enough value could be estimated.
Conclusion
[bookmark: _GoBack]According to the analysis in section 2, it is proposed:
Proposal 1: The definition of the BAT in the field description of the burstArrivalTime should be updated as follows: “indicates the average value of the arrival time of the first packet of the Data Burst”.  
Proposal 2: The reported burst arrival time is defined in UAI by reusing the start time of a CG Type 1 configuration, namely: timeReferenceSFN, timeDomainOffset, startSymbol. 
Proposal 3: The reported burst periodicity is defined as the average periodicity of the traffic bursts and coded in rational number.
Proposal 4: The reported jitter parameter is defined by the lower and upper bounds of the variation around its average value of the traffic burst arrival time, [-tmin, +tmax].
Proposal 5: For each field of ul-TrafficInfo, the UE should have the possibility to report that no satisfactory/accurate-enough value could be estimated.
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