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1. Introduction
The updated WID for XR enhancements contains the following objective related to XR awareness [1]:

	Specify the enhancements for XR Awareness:

-
Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-
Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);

-
Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-
Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);


Furthermore, RAN2 made the following agreements related to the assistance information for XR traffic during the meetings, including SI phase:

	Agreements from SI phase:
· RAN2 agrees some assistance information can be beneficial (e.g. periodicity, packet size). RAN2 assumes baseline could be TSCAI (pending SA2 conclusions), can discuss during WI phase whether something additional is needed on top of that. If any assistance information is needed, its definition should be standardized.
· RAN2 thinks all information may not be always available at UE application.
· RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 

· RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.
Agreements from WI phase:
· UE can report jitter information associated to UL XR traffic. How UE derives this jitter is left up to implementation (similarly as it is captured by SA2 for the jitter associated with the periodicity in DL. FFS what exactly is reported to the RAN (aim to have similar information as for DL). FFS on UL traffic data arrival reporting.
· FFS on whether EoDB signalling is needed.




In this contribution, we will focus on the objectives which fall into RAN2 responsibility, i.e. the ones highlighted in yellow above. We will also discuss the request RAN2 received from SA4 in an LS in [5], related to end of data burst indication in DL.
2. Discussion
2.1
XR assistance information for UL
2.1.1
Jitter and data burst arrival
During RAN2#121bis-e meeting, RAN2 made the following agreements:

	· UE can report jitter information associated to UL XR traffic. How UE derives this jitter is left up to implementation (similarly as it is captured by SA2 for the jitter associated with the periodicity in DL. FFS what exactly is reported to the RAN (aim to have similar information as for DL). FFS on UL traffic data arrival reporting.
· FFS on whether EoDB signalling is needed.


Firstly, we need to decide whether jitter information alone is sufficient for the gNB to adjust its scheduling configuration and decisions. On one hand, jitter is always relative to the nominal arrival time of the traffic, so for the gNB to know the time window for the arrival of data bursts, also the nominal time would be required. On the other hand, SA2 decided to specify only the jitter for N6 interface without additional information about the nominal arrival time. Due to this, the gNB will not always be able to know the expected arrival window for the data burst, but would have to derive it only after observing the traffic for some time. 

Observation 1: Jitter is always relative to a nominal arrival time of the traffic, so it needs to be either reported to the gNB together with jitter or will have to be derived by the gNB by observing the traffic for some time.
Hence, it would be beneficial for the UE to report traffic arrival time together with the jitter. This would allow the gNB to better align the scheduling configuration with the traffic from the very beginning of the service. On the other hand, we recognize such information may not always be available at the UE, e.g. in case the application is running on a separate device as in the tethering use case. However, it can simply be specified as an optional parameter.
Proposal 1: The UE should include nominal data burst arrival time information together with the jitter, if such information is available at the UE.
When it comes to the exact information to be reported, we have the following views:
1. Data burst arrival time – Burst Arrival Time specified in TS 38.413 ([2]) is specified as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Burst Arrival Time
	M
	
	OCTET STRING
	Encoded in the same format as the ReferenceTime IE as defined in TS 38.331 [18]. The value is truncated to 1 us granularity.



Similarly as for TSCAI, we can reuse ReferenceTime IE for the purpose of UL data burst arrival indication.

Proposal 2: The XR data burst arrival time information can be reported by the UE using ReferenceTime IE.
2. Jitter information – jitter information is not yet defined in detail as RAN3 will only start working on this in their future meetings. However, we can already deduce the applicable jitter range from TR 38.838 ([3]) where RAN1 assumed that the jitter range is limited to [-4, 4] ms based on XR traffic analysis. During further discussion in the SI phase, RAN1 agreed during RAN1#110bis-e meeting to also use a jitter range of [-8, 8] ms for their analysis. It should be noted that in RAN1 model, the jitter is specified as a range around the mean arrival time. However, if the jitter is to be reported together with the nominal burst arrival time, it can be simply reported as a single value indicating the maximum time the burst may be delayed with respect to its nominal arrival time. The granularity of jitter equal to 1ms seems sufficient for the purpose of scheduling configuration adjustment of XR traffic.
Proposal 3: The jitter is reported by the UE as a single value in the range of [0, 15+] with 1ms granularity. Jitter value indicates the maximum time the data burst may be delayed with respect to its nominal arrival time.
2.1.2

Other assistance information
The objective in the updated XR WID (see [1]) mentions also traffic periodicity among the information to be potentially reported by the UE to the gNB. However, SA2 has agreed a CR in [4], which already captures that both DL and UL traffic periodicity can be provided by the CN. 
	5.37..X
UE power saving management 

5.37..X.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.


Some companies argued in their papers submitted to RAN2#121bis-e meeting that even though periodicity information may be available from the CN, there is still benefit to allow the UE to report it as well. The main argument was 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.

Observation 2: Data burst periodicity modification during an ongoing XR session is a rare event. If it happens, such information would be available at the CN quickly and updated TSCAI information can be provided to the gNB.
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. 
Observation 3: Receiving the same information from both CN and the UE may be confusing to the UE and in case of misalignment, the gNB would probably ignore the information from the UE.
Due to the above reasons, we propose the following:
Proposal 4: The traffic periodicity information is not included in the assistance information reported by the UE.
Another debatable point was whether end of data burst indication report from the UE to the gNB is needed. It was argued by some companies that padding/padding BSR is not an appropriate way of determining end of the data burst as there may be data from other LCGs (non-XR data) occupying the UL grant. However, if there is remaining data in other LCGs, then anyway the gNB should provide further uplink grants and end of burst indication is useless in this case as its purpose is to allow the gNB to terminate UE’s active time. Hence only in case there is no data in the UE’s buffer, the UE should be allowed to sleep and the lack of data can be deduced by the presence of padding in the UE’s transmission.
Observation 4: The gNB can determine that the UE has no more data to send based on previously received BSR(s) and/or presence of padding in the UE’s transmission. 

Based on the above, we can conclude there is no need for the UE to provide end of data burst indication and the following is proposed:
Proposal 5: There is no need to introduce end of data burst indication in UL.
2.1.3

PDU set information identification by the UE

With respect to PDU set information identification by the UE, RAN2 made the following agreements in the previous meetings:

	· Agree that UE identifies PDU Sets / Bursts.
· In-band marking not needed. Further information considered if BSR is not enough.
· Introduce UL PDU Set Importance. How UE derives this will be handled in UE implementation. 


For DL differentiated PDU set handling, the UPF is responsible to identify the PDU set related information, e.g. the PDUs belonging to the same PDU set, PDU set importance level, etc. This task is supposed to be performed base don UPF implementation, which take advantage of, among others, the information included in the RTP header of the XR packets. However, in general, the UPF behavior is not specified. For the UL side, RAN2 assumed the same, i.e. that the PDU set/burst information will rely on UE implementation. Based on this, the main impact to specification that will stem from the UE PDU set information identification is to capture in RAN2 specifications, e.g. stage-2 or PDCP, that the identification of PDU set/burst information for UL is based on UE implementation.

Proposal 6: Capture in RAN2 specifications (e.g. 38.300 and/or 38.323) that identification of PDU Sets, Data bursts and PSI in UL is based on UE implementation.

Other than this, RAN2 may also need to discuss whether PDU set/burst identification requires a separate UE capability. In general, this seems useful for the NW to decide whether to configure the UE with some specific mechanisms, e.g. PSI based packet discard etc. However, the details should be discussed once the scope of the features introduced for XR in Rel-18 becomes clearer and stable.

Proposal 7: RAN2 should consider introduction of a UE capability for XR PDU set/burst information identification. 

2.2
End of Data Burst for DL (SA4 LS related)
RAN2 received an LS from SA4 in [5] where SA4 clarifies they agreed to introduce a 3-bit End of Data Burst indication and that: “In addition to marking the last PDU of the data burst, SA4 sees the benefit of using additional bits to indicate inter-burst time, which may change dynamically due to various reasons, including application-layer rate control. SA4 believes that this can enable the RAN to switch to the most appropriate power state.” Furthermore, the following action to RAN2 is included:

	To RAN2:

ACTION:
1. SA4 would like to kindly ask RAN2 to provide feedback on the feasibility and value of having additional signaling bits related to End of Burst and inter-burst time within Rel-18.


An information about the exact arrival time of the next data burst could indeed be beneficial for the gNB. However, based on the description in the SA4 LS, several questions emerge, which we believe are crucial to understand whether the proposed mechanism is truly useful: 
1. SA4 indicated that the EoDB indication would be in total 3-bits long. Assuming one bit is used to indicate that the PDU is the last PDU of a data burst, two bits are left for inter-arrival time indication. It is unclear how these two bits would be interpreted as they are certainly not sufficient to provide a refined time information, e.g. does SA4 assume some additional configuration is needed?
2. SA4 mentions that the inter-arrival time information may change dynamically, e.g. due to application-layer rate control. However, thus far, RAN WGs worked with an assumption that XR traffic is periodic and that frame rate does not change frequently. If it would change frequently, then XR traffic should rather be treated as dynamic and aperiodic and the enhancements discussed by RAN2 might not be useful for such cases. If it is assumed to change infrequently, then TSCAI already provides a mechanism that can be used to update this information. 
3. Another possibility is that inter-arrival time as proposed by SA4 aims to denote a jitter information, which is more dynamic compared to jitter information carried by TSCAI. Perhaps SA4 assumed that instantaneous jitter is correlated, so more refined information can be provided dynamically. In any case, it would be important to understand how SA4 sees the relation between this information and periodicity and jitter included in TSCAI and how they can be used together.
Observation 5: The definition of the inter-burst time proposed by SA4 and its relation to information provided via TSCAI is unclear. 

Based on the above, we think RAN2 should request more detailed information about the proposed inter-arrival time information from SA4, before deciding whether it is useful and feasible to support it.
Proposal 8: RAN2 should reply to SA4 that RAN2 cannot provide the feasibility and the value of having the additional bits related to inter-burst time before the following issues are further clarified:
· How is the 2-bit indication translated into inter-burst time?
· Whether the inter-burst time is related to the traffic periodicity and if yes, how it relates to periodicity provided by TSCAI? Does SA4 assume the periodicity of XR traffic changes frequently and dynamically?
· Whether the inter-burst time is related to jitter and if yes, how it relates to jitter provided by TSCAI? Does SA4 assume the instantaneous jitter is correlated? 
3. Conclusion

Based on the discussion in this paper, the following is observed and proposed:
Jitter and data burst arrival for UL
Observation 1: Jitter is always relative to a nominal arrival time of the traffic, so it needs to be either reported to the gNB together with jitter or will have to be derived by the gNB by observing the traffic for some time.
Proposal 1: The UE should include nominal data burst arrival time information together with the jitter, if such information is available at the UE.
Proposal 2: The XR data burst arrival time information can be reported by the UE using ReferenceTime IE.

Proposal 3: The jitter is reported by the UE as a single value in the range of [0, 15+] with 1ms granularity. Jitter value indicates the maximum time the data burst may be delayed with respect to its nominal arrival time.
Other assistance information for UL
Observation 2: Data burst periodicity modification during an ongoing XR session is a rare event. If it happens, such information would be available at the CN quickly and updated TSCAI information can be provided to the gNB.
Observation 3: Receiving the same information from both CN and the UE may be confusing to the UE and in case of misalignment, the gNB would probably ignore the information from the UE.
Observation 4: The gNB can determine that the UE has no more data to send based on previously received BSR(s) and/or presence of padding in the UE’s transmission. 

Proposal 4: The traffic periodicity information is not included in the assistance information reported by the UE.
Proposal 5: There is no need to introduce end of data burst indication in UL.
PDU set information identification by the UE

Proposal 6: Capture in RAN2 specifications (e.g. 38.300 and/or 38.323) that identification of PDU Sets, Data bursts and PSI in UL is based on UE implementation.

Proposal 7: RAN2 should consider introduction of a UE capability for XR PDU set/burst information identification. 

End of Data Burst for DL (SA4 LS related)

Observation 5: The definition of the inter-burst time proposed by SA4 and its relation to information provided via TSCAI is unclear. 

Proposal 8: RAN2 should reply to SA4 that RAN2 cannot provide the feasibility and the value of having the additional bits related to inter-burst time before the following issues are further clarified:
· How is the 2-bit indication translated into inter-burst time?

· Whether the inter-burst time is related to the traffic periodicity and if yes, how it relates to periodicity provided by TSCAI? Does SA4 assume the periodicity of XR traffic changes frequently and dynamically?
· Whether the inter-burst time is related to jitter and if yes, how it relates to jitter provided by TSCAI? Does SA4 assume the instantaneous jitter is correlated? 
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