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1. Introduction

3GPP TR 38.835 [1] captures the following semi-static information can be provided by the CN to RAN to allow for optimized handling of XR services:
	The following information may be provided by the CN to RAN (see TR 23.700-60 [9]) to assist the handling of QoS flows and PDUs:

-
Semi-static information for both UL and DL provided via control plane (NGAP):

-
Periodicity for UL and DL traffic of the QoS Flow via TSCAI/TSCAC;

-
Traffic jitter information (e.g. jitter range) associated with each periodicity of the QoS flow;

Editor's Note: the applicability of the jitter information to UL is FFS.
-
PDU Set QoS parameters:

-
PDU Set Error Rate (PSER): defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol but that are not successfully delivered by the corresponding receiver to the upper layer (see TR 23.700-60 [9]).

NOTE: 
In this release, a PDU set is considered as successfully delivered when all PDUs of a PDU Set are delivered successfully.
-
PDU Set Delay Budget (PSDB): time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set (see TR 23.700-60 [9]). PSDB is an optional parameter.

-
PDU Set Integrated Indication (PSII) i.e. whether all PDUs are needed for the usage of PDU Set by application layer.


Furthermore, RAN2 made the following agreements related to the assistance information for XR traffic:

	· 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.


In addition, there is also the following EN captured in TR 38.835:

	Editor's Note: LS sent to SA4 to clarify the requirements of pose information.


This document will focus on resolving the EN’s mentioned above and discuss further details of the XR assistance information.

2. Discussion
2.1
Requirements of pose information
In an LS sent to SA4 in [2], RAN2 inquired about:

· the relationship of sampling frequency of the device tracking information and the the number of individual packets that need to be carried over the air interface per second
· the characteristics of pose information packets (PDB, PER and number of flows)
SA4 has provided their reply in [3], which can be summarized as follows:
· The application may query the XR runtime for the predicted pose at different display times and it can request pose information for the same display time at different times and the returned information may differ each time as the prediction becomes more accurate closer to the display time.
· There is a tradeoff between how often the latest pose is sent and whether it is sent for only one predicted display time or several consecutive display times.
· As a first estimate it can be assumed that sending a viewer pose aligned with the frame rate of the rendered video may be sufficient, for example at 60fps. The size of such information is typically 32 bytes per pose, and with several poses sent and header overhead, it may be up to few 100 bytes in a single flow.
· PER=1e-3 is sufficient as the server may temporarily predict the pose from previously received pose information.
· SA4 has an ongoing normative work to define the representation and transport of pose information, so their current reply should be treated as tentative.
Based on this response, we can see that no special treatment of pose information is required. The expected periodicity of pose packets is the same as XR video frame rate, so the enhancements developed for those can be reused directly. Data rate, packet size, PDB and PER requirements are on the other hand similar to those of URLLC services and they can be supported with the current system already.
Observation 1: No solutions dedicated to handling of XR pose information traffic are required, other than what is already pursued for other types of XR traffic.

Based on this, no special treatment for XR pose traffic is required and only slight updates for TR 38.835 are sufficient, e.g. as proposed in Annex A.

Proposal 1: Adopt the TP in Annex A related to pose information.

2.2
XR assistance information in UL
There are two issues that need to be resolved with respect to XR assistance in UL:
1. Whether jitter information is applicable to UL.
2. Whether there is a need for the UE to provide any assistance information to RAN, on top of what is already supposed to be provided via NGAP protocol (e.g. TSCAI or alike).

When it comes to the first issue, there were differing views expressed in the past on this subject by different companies. It should be also noted that in their Rel-17 discussions on XR, RAN1 assumed that UL jitter is optional, which means that it may be present for some XR applications. This can be justified by the fact that some codecs may introduce jitter when generating some frames, e.g. generation of a frame containing more information (i.e. similar to I-frame) may take a longer time than generating a frame which contains just differential information (i.e. similar to P-frame). Furthermore, the XR data may not originate directly at the UE, but at another device, e.g. AR glasses connected wirelessly via sidelink, WiFi or Bluetooth. Another factor that should be considered is the time-spread of the data burst generated by the application. According to SA2 definition data burst is “a set of multiple PDUs generated and sent by the application in a short period of time” and SA2 also has confirmed that a maximum duration threshold for the inter arrival time between PDUs and first arrived PDU within the PDU set can be pre-configured [4]:

NOTE 3:
To enable support for PSDB, it is assumed that there is a maximum duration threshold for inter arrival time between PDUs and first arrived PDU within the PDU Set as per SLA or pre-configuration. How to handle the case of maximum duration threshold is not met needs to be discussed in normative phase.
Both jitter and delay spread may have an impact on how the gNB manages scheduling of the UE, e.g. the gNB may adjust CG configuration to consider the potential jitter/burst spread or may decide to rely on dynamic scheduling in the presence of jitter. Considering that burst spread is known based on SLA and should be pre-configured at the gNB, the only missing piece of information is UL jitter.
Observation 2: It is beneficial for the gNB to be provided with the information related to the presence/value of UL jitter/burst-spread.

Considering that burst spread is known based on SLA and should be pre-configured at the gNB, the only missing piece of information is UL jitter. A follow-up question that has to be answered is whether jitter information may originate from the CN, similarly as for jitter information in DL, or should be provided by the UE. According to TR 23.700-60 [4]:
	-
Traffic jitter information (e.g. jitter range) associated with each periodicity. The SMF requests the UPF to derive jitter (i.e. N6 jitter) for a given periodicity. 5GC derives jitter information accordingly and forwards it to the RAN along with periodicity.
NOTE 2:
How the UPF derives the jitter is left for implementation. How the SMF obtains and provides the jitter information will be defined in the normative phase.


It can be seen that the jitter which is provided by the CN is related to jitter on N6 interface, which is obviously only relevant for DL direction. It seems that in case of UL jitter, it will be hard to obtain it from the CN as it is not originating from the application server, but is rather derived by the UPF which has no way of estimating the jitter for UL direction. Hence, in case it is agreeable that UL jitter information is useful for the gNB, then jitter should be provided by the UE. Since this is semi-static information, it can be provided via RRC protocol.
Proposal 2: It should be possible for the UE to provide jitter information to the gNB via RRC, if available.

When it comes to traffic periodicity, [4] already captures that it can be provided by the CN for both UL and DL, so there is no need for the UE to report it. Dynamic information on the other hand has been already discussed by RAN2 before and it was agreed to provide data burst/PDU set data volume and remaining time information via BSR-like mechanism. It was also concluded there is no need to have in-band information related to PDU sets. Therefore, the following is proposed:
Observation 3: There is no need to provide any other assistance information from the UE to the gNB on top of jitter information and what was already agreed before (e.g. data burst/PDU set volume and remaining time information).
The changes to TR 38.835 related to proposals 2 and 3 are provided in Annex B.

Proposal 3: Adopt the TP related to UL jitter information provisioning from the UE to the gNB as proposed in Annex B.
3. Conclusion

Based on the discussion in this paper, the following is observed and proposed:
Pose traffic clarifications

Observation 1: No solutions dedicated to handling of XR pose information traffic are required, other than what is already pursued for other types of XR traffic.

Proposal 1: Adopt the TP in Annex A related to pose information.

Jitter/burst spread information in UL
Observation 2: It is beneficial for the gNB to be provided with the information related to the presence/value of UL jitter/burst-spread.

Observation 3: There is no need to provide any other assistance information from the UE to the gNB on top of jitter information and what was already agreed before (e.g. data burst/PDU set volume and remaining time information).

Proposal 2: It should be possible for the UE to provide jitter information to the gNB via RRC, if available.

Proposal 3: Adopt the TP related to UL jitter information provisioning from the UE to the gNB as proposed in Annex B.
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4.5.4
Pose Information

To maintain a reliable registration of the virtual world with the real world, as well as to ensure accurate tracking of the XR Viewer pose, XR applications require highly accurate, low-latency tracking of the device at about 1kHz sampling frequency. However, there is a trade-off between how often the latest pose information is sent and whether it is sent for only one predicted display time or several consecutive display times. As an estimate, it can be assumed that the viewer pose information is sent over the network with the periodicity corresponding to the frame rate of the rendered video. The size of a XR Viewer Pose associated to time, typically results in packets of size in the range of 30-100 bytes, such that the generated data is around several hundred kbit/s if delivered over the network (see TR 26.928 [7]).

Pose information has to be delivered with ultra-high reliability, therefore, similar performance as URLLC is expected i.e. packet loss rate should be lower than 10E-4 for uplink sensor data – see TR 22.842 [2].


Annex B

5.1.1
General

In both uplink and downlink, XR-Awareness contributes to optimizations of gNB radio resource scheduling and relies at least on the notions of PDU Set and Data Burst (see TR 23.700-60 [9]): a PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice), while a Data Burst is a set of data PDUs generated and sent by the application in a short period of time.

NOTE:
A Data Burst can be composed of multiple PDUs belonging to one or multiple PDU Sets.

The following information may be provided to RAN (see TR 23.700-60 [9]) to assist the handling of QoS flows and PDUs:

-
Semi-static information provided by the CN via control plane (NGAP):

-
Periodicity for UL and DL traffic of the QoS Flow via TSCAI/TSCAC;

-
Traffic jitter information (e.g. jitter range) for DL associated with each periodicity of the QoS flow;


-
PDU Set QoS parameters:

-
PDU Set Error Rate (PSER): defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol but that are not successfully delivered by the corresponding receiver to the upper layer (see TR 23.700-60 [9]).

NOTE: 
In this release, a PDU set is considered as successfully delivered when all PDUs of a PDU Set are delivered successfully.
-
PDU Set Delay Budget (PSDB): time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set (see TR 23.700-60 [9]). PSDB is an optional parameter.

-
PDU Set Integrated Indication (PSII) i.e. whether all PDUs are needed for the usage of PDU Set by application layer.
-
Semi-static information provided by the UE via control plane (RRC):

-
Traffic jitter information (e.g. jitter range) for UL associated with each periodicity of the QoS flow;
-
Dynamic information for DL provided by the CN via user plane (GTP-U header):

-
PDU Set Sequence Number;

-
PDU Set Size in bytes;

-
PDU SN within a PDU Set;

-
End PDU of the PDU Set;

-
PDU Set Importance: this parameter is used to identify the importance of a PDU Set within a QoS flow. RAN may use it for PDU Set level packet discarding in presence of congestion;

-
End of Data Burst indication in the header of the last PDU of the Data Burst (optional).
Editor's Note: the impacts of these latest agreements by SA2 still need to be processed by RAN2.
