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1. Introduction
In XR SID [1], the following objectives on XR-awareness are included:
	Objectives on XR-awareness in RAN (RAN2):

· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.

· Study how the above information aids XR-specific traffic handling.


In past RAN2 meetings, the above objective was discussed with some progress. In this contribution, we will discuss whether jitter is applicable to XR traffic in UL and how to use the PDU set information in RAN.
2. Discussion
2.1. UL jitter
According to the SA2 Conclusions in the latest TR 23.700-60 [2], the traffic jitter information will be provided to RAN from CN. As the traffic jitter information is deduced by UPF, it can be interpreted that SA2 only concludes the aspect of DL jitter while UL jitter is not discussed. However, RAN2 can learn from the characteristic of DL jitter to discuss UL jitter. 
In DL, the jitter is a random parameter as a result of codec operation and non-deterministic transmission delays. Thus, a jitter can cause the arrival of PDUs within a PDU set and across different PDU sets to be delayed/advanced during the reception at the NW node. Due to the DL jitter, the PDU set boundary corresponding to the arrival time of the first PDU and last PDU of a PDU set can vary instead of arriving periodically in a burst aligned with the frame generation periodicity. 
In UL, the mentioned non-deterministic transmission delays no longer need to be considered. Assuming that UL application does not deliver PDUs in a PDU Set to the AS layer of UE at the same time, the arrival time of the first PDU in a burst will be aligned with the frame generation periodicity. However, the arrival time of the last PDU in a burst can vary which is caused by the varying frame encoding delay depending on the frame types, content, and frame size. Even if we assume that on UL application delivers PDUs in a PDU Set to the AS layer of UE at the same time, the traffic arrival time at the AS layer will no longer be periodic but quasi-periodic with a random jitter. This kind of random delay has the similar characteristic of DL jitter. Based on the analysis above, From the RAN2 perspective, jitter is also applicable to XR traffic in UL. But the jitter range could be FFS based on the model of encoding. 
	8.8
Conclusions for Key Issue #8

The following information, to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, is taken as baseline for normative work:

-
Periodicity for UL and DL traffic of the QoS Flow. In addition to integer periodicity values, non-integer values associated to, e.g. 15 FPS, 30 FPS, 45FPS, 60 FPS, 72 FPS, 90FPS, 120FPS, shall be supported. Such information shall be exchanged by re-using/extending the TSCAI/TSCAC definitions in clause 5.27.2.1 of TS 23.501 [2].

NOTE 1: 
The above information can be provided to the 5GC by the AF via an NEF API. The 5GC can further derive, or be configured, with such information.

-
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.


Observation 1: The UL packet arrival time at the AS layer of UE may vary instead of arriving periodically aligned with the frame generation periodicity varying frame encoding delay at the application layer.
Proposal 1: RAN2 confirms that jitter is also applicable to XR traffic in UL. The detailed range could be FFS. 
Due to the lack of the impact of the non-deterministic transmission delays, the UL jitter may be less important than the DL jitter generated by the CN. However, UL jitter can also result in a mismatch between UL grant and XR traffic arrival times and will cause extra delay to the XR traffic if the data arrives before the CG occasions. Thus, the UL jitter awareness is useful for the CG configuration to match the UL traffic arrival of delay-sensitive service. Currently, gNB is not able to deduce the UL jitter. The reason is that RAN does not know when a PDU arrives at UE based on the current L2 protocols. To facilitate the CG configuration, it is beneficial that UL jitter information can be provided to gNB. 
There may be an argument that the UL jitter can be deduced by gNB via SR/BSR without explicit UE reporting. However, it is a large possibility that SR configuration is also configured by NW to match the XR uplink traffic. As a result, some of the configured SR occasions will be missed due to the impact of the UL jitter. This means that gNB actually cannot deduce the accurate UL jitter. Compared with NW, UE can obtain more accurate UL jitter information, which is more beneficial for CG configuration. Thus, it is proposed that UL jitter information can be provided by UE to gNB. Considering that not all UL traffic has a jitter (i.e., pose/control update), the reporting of UL jitter information can be optional.
Proposal 2: UL jitter information can be optionally provided by UE.
2.2. PDU set information
The integration of XR applications within the 5G System is shown in the following Fig.3 as defined in [4]
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[5]. To optimize XR service transmission in 5G system, from RAN perspective, XR traffic characteristics, QoS metrics and application layer attributes could be beneficial to aid RAN awareness handling.[image: image1.png]5G-XR Aware
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Fig.3 5G-XR functions integrated in 5G System

According to SA2 discussion in TR [2], a new ‘PDU-Set’ concept was introduced for XR traffic, which is defined as below: 

‘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 for XRM Services), which are of same importance at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.’

With the definition of PDU Set：
· PDU-Set level QoS parameters were introduced, including:

· PDU Set Error Rate (PSER)
· PDU Set Delay Budget (PSDB)
· Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication)
· New information associated with PDU-Set were also introduced, including:

· PDU Set Sequence number (SN)
· End PDU of the PDU Set
· PDU SN within a PDU Set
· PDU Set Size in bytes
· PDU Set importance
Additionally, application layer attributes specifically refer to burst periodicity, burst arrival time, jitter and etc.

From RAN2 point of view, what information could aid XR specific handling or how it could be used is related to the RAN side mechanisms. During study on information beneficial for RAN, we also need to consider the performance improvement, e.g. system capacity, resource efficiency, end to end latency, UE power saving, etc., for the gNB to be aware of. 
Observation 2: What information could aid XR specific handling or how it could be used is related to the RAN level mechanisms.
At the RAN node (i.e. gNB) side, the information aiding XR specific handling provided to RAN could be from CN or UE: 
· On one side, CN could provide some XR service characteristics/attributes, e.g. PDB, importance, frame boundary, first/ last PDU indication, importance/priority, time alignment/sync, dependency (inter-/intra-flow), frame rate, periodicity, jitter information, etc. As discussed in SA2, the CN/DN needs to deliver this XR-awareness information to RAN through UPF or AF/AS, and then the RAN can perform XR-specific traffic handling accordingly. This information exchange from CN to gNB should be studied in RAN2 and SA2.
· On the other side, UE could also provide the above information as UE is also the source of data transmission for UL XR traffic. Besides, the UE is also the destination of data transmission in DL. It could also provide some statistics for XR traffic to RAN to help the configurations dynamically, e.g. delay, power consumption, traffic change, etc. Information exchange between gNB and UE should be studied in RAN2. 
All this information could be used for RAN RRC configuration adaptation or UP handling, e.g. packet discarding, scheduling enhancements, LCH enhancements, etc.
In the latest TR 23.700-60[2], SA2 has concluded that Control plane enhancements for supporting PDU Set in the downlink.
	8.4.1
Control plane enhancements for supporting PDU Set in downlink

1.1.1.1 8.4.1.1
PDU Set QoS Parameters

PDU Set QoS treatment is determined using dynamic or non-dynamic PCC.

The following PDU Set QoS parameters are defined to support PDU Set handling:
NOTE 1:
The definitions of PSER and PSDB can be revisited during normative phase.

-
PDU Set Error Rate: The 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 (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access). For every 5QI the value of the PSER is the same in UL and DL. If any PDU within the PDU Set is not successfully transmitted, the PDU Set is treated as error.
NOTE 2:
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: The PSDB defines an upper bound for the delay that a PDU Set may experience for the transfer between the UE and the N6 termination point at the UPF, i.e. time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set. PSDB applies to the DL PDU Set received by the UPF over the N6 interface, and to the UL PDU Set sent by the UE. For a certain 5QI the value of the PSDB is the same in UL and DL.
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.

PSDB is an optional parameter. If PCF has sufficient information to determine the PSDB, the PSDB is used to support the configuration of scheduling and link layer functions.

-
Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).

If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in clause 8.4.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.

NOTE 4:
Whether to define new 5QI(s) related to PSDB/PSER or existing 5QIs can be reused for PSDB/PSER for supporting XRM services can be determined during the normative phase.

8.4.1.2
AF Information Provisioning
PDU Set related assistance information provisioning by AF is supported for dynamic PCC. AF may provision one or more of the following PDU Set related assistance information to NEF/PCF during AF QoS request procedure:

-
PDU Set QoS parameters listed in clause 8.4.1.1.

-
Burst periodicity.

-
Description of Service Protocol: Indicates RTP/SRTP header type to be used for PDU Set Identification at UPF.

8.4.2
User plane enhancements for supporting PDU Set in downlink

1.1.1.2 8.4.2.1
PDU Set Information

The following PDU Set related information are identified by UPF to support PDU Set based handling:

-
PDU Set Sequence Number.

-
End PDU of the PDU Set.

-
PDU SN within a PDU Set.

-
PDU Set Size in bytes.

NOTE 1:
The PDU Set Size is pending SA WG4 progress on SA WG4 5G_RTP WI. It is up to an application to decide whether to send PDU Set Size in bytes or not.

-
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.

8.4.2.2
PDU Set Information identification on UPF and supported N6 protocols
The detection and marking of the DL PDU Sets sent to the NG-RAN shall be done by the PSA UPF.

PSA UPF may identify the PDU Set based on instruction from SMF and packet header of N6 protocols:

-
By matching RTP/SRTP header and payload (RFC 3550/3711/6184/7798/draft-ietf-avtcore-rtp-vvc/draft-ietf-avtext-framemarking/AV1 RTP payload format [68] are supported).

NOTE 1:
In above cases, it is assumed that the RTP/SRTP header and/or payload necessary for the identification of PDU Set Information is not encrypted.
NOTE 2: Support of new RTP header extension for PDU Set identification depends on progress in SA4 5G_RTP WI.

-
By UPF implementation, e.g. PDU Set detection based on traffic characteristics. IP header parameters DSCP/TOS, IP port, IPv6 flow label may be used to detect PDU set, however detailed mechanisms in UPF for PDU Set information identification will not be standardized.

8.4.2.3
Delivering PDU Set Information to RAN

PDU Set Information (listed in clause 8.4.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.
8.4.3
PDU Set based QoS handling

RAN performs PDU Set based QoS handling based on received PDU Set QoS Parameters via control plane, and PDU Set Information received via user plane. The details of RAN behaviours are defined in RAN WGs.
8.8
Conclusions for Key Issue #8

The following information, to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, is taken as baseline for normative work:

-
Periodicity for UL and DL traffic of the QoS Flow. In addition to integer periodicity values, non-integer values associated to, e.g. 15 FPS, 30 FPS, 45FPS, 60 FPS, 72 FPS, 90FPS, 120FPS, shall be supported. Such information shall be exchanged by re-using/extending the TSCAI/TSCAC definitions in clause 5.27.2.1 of TS 23.501 [2].

NOTE 1: 
The above information can be provided to the 5GC by the AF via an NEF API. The 5GC can further derive, or be configured, with such information.

-
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.
The AF may provide assistant information to 5GC and assist the UPF to detect the end of Data Burst: 

NOTE 3:
Whether this assistant information based on indication of only one media unit within each data burst or based on RTP extension header or both can be discussed in normative work.

The following information for DL traffic, to be provided to the NG-RAN with in-band signalling via GTP-U header, is taken as baseline for normative work:

-
Optional, End of Data Burst indication in the header of the last PDU of the Data Burst.

NOTE 4:
It is assumed that the PDU with the End of data burst indication is received by the NG-RAN after all other PDUs of the Data Burst.

The UPF detects the end of a Data Burst the and marks the End of Data Burst indication over GTP-U based on information provided by the AS in the PDU (e.g. "End" in the RTP extended header when only one media unit (e.g. NAL Unit) within each data burst).




We think all these information are beneficial for RAN handling. More detailed information needed from RAN side could be further studied in SA2 and RAN2. 
Observation 3: RAN2 confirms the information concluded in SA2 TR are beneficial for RAN handling. More detailed information needed from RAN side could be further studied in SA2 and RAN2.
Among the above information provided, we think some information of uplink traffic is useful for power saving:
· For UL XR traffic, useful information for power saving:
· Periodicity for UL traffic of the QoS Flow: this can be helpful e.g., configuring the periodicity of CDRX and PDCCH monitoring for dynamic UL grant. 
· End of Data Burst indication: this can be helpful for gNB, e.g., to indicate the UE to dynamically skip PDCCH monitoring once the last PDU of the burst is received.
Proposal 3: Among the traffic information agreed to be provided from CN to RAN for power saving, following information could be used for gNB to provide the configuration for power saving: periodicity for UL traffic of the QoS Flow, end of Data Burst indication. 
In addition, we think the following information of uplink traffic is also helpful for power saving and capacity enhancement:
· Start time of the first PDU of a PDU set and PDU set size (number of bits): this can help gNB scheduling with a UE power efficient way, e.g., gNB can give up following UL scheduling for the remaining data of a certain PDU set when the PSDB of the PDU set has exceeded.
· Importance information of PDU(s) and PDU set(s): this can help gNB scheduling enhancement, e.g. gNB can map the PDU(s)/PDU set(s) with different priorities to different LCH(s). Besides, the importance information can also be helpful for the early PDU discarding, e.g. PDU(s)/PDU set(s) with lower importance could be discarded firstly when congestion, but the details could be further discussed in RAN2.
· PDU set identity and association among PDUs within the same PDU set (i.e. PSII):  UE can use this information for early PDU discarding. 
· PSDB and PDB information for PDU sets and PDU: this can help gNB to configure the PDCP discardTimer for early PDU discarding.
· PSER: it is similar as PER. This can be used to define the satisfied rate, which may impact RAN link adaptation, e.g. BLER, impact HARQ retx number, or congestion/access control based on the satified rate. 
Proposal 4: The following information of uplink traffic is useful for network scheduling: start time of the first PDU of a PDU set and PDU set size (number of bits), importance, PDU set identity and association among PDUs within the same PDU set.
Proposal 5: The following information of uplink traffic is useful for UL packet discarding: PSDB and PDB, PDU set identity and association among PDUs within the same PDU set.
Proposal 6: RAN2 to discuss whether importance information could be used for UP packet discarding. 
Proposal 7: PSER information could be used for capacity enhancement, e.g. congestion/access control, or RAN link adaptation.
Among the above information of uplink traffic which is considered useful for power saving, periodicity for UL traffic of the QoS Flow has been agreed in SA2 to be provided to RAN from CN, PDU set identity and association among PDUs within the same PDU set is used by UE itself. While other information needs to send from UE to gNB. The details are following:
· End of Data Burst indication: UE can send an indication to gNB when the last PDU of a data burst in UL buffer has been sent to gNB. The indication can be a UCI or MAC CE. 
· Start time of the first PDU of a PDU set and PDU set size (number of bits): current BSR is used to indicate the UL buffer status to gNB. Start time and size of PDU set are some kinds of enhanced information related to the buffer status. Hence, we think this information can be reported by extending the current BSR. 
Proposal 8: UE could send an indication to gNB when the last PDU of a data burst in UL buffer has been sent to gNB for power saving. 
Proposal 9: Start time and size of PDU set can be reported by extending the current BSR for power saving. 
At the UE side, the XR-awareness information aiding XR specific handling provided to AS layer could be provided by UE application layer. All the above information could be benefit for XR specific handling in UE, e.g. packet discarding, LCP enhancements, etc. Information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc.
Proposal 10: XR-awareness information exchange between UE and gNB should be studied in RAN side. 
Proposal 11: XR-awareness information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc. 

3. Conclusion

In this contribution, we discuss whether jitter is applicable to XR traffic in UL and how to use the PDU set information in RAN . Based on the discussion, we have the following observation and proposals:
Observation 1: The UL packet arrival time at the AS layer of UE may vary instead of arriving periodically aligned with the frame generation periodicity varying frame encoding delay at the application layer.

Observation 2: What information could aid XR specific handling or how it could be used is related to the RAN level mechanisms.
Proposal 1: RAN2 confirms that jitter is also applicable to XR traffic in UL. The detailed range could be FFS. 
Proposal 2: UL jitter information can be optionally provided by UE.
Proposal 3: Among the traffic information agreed to be provided from CN to RAN for power saving, the following information could be used for gNB to provide the configuration for power saving: periodicity for UL traffic of the QoS Flow, end of Data Burst indication. 
Proposal 4: The following information of uplink traffic is useful for network scheduling: start time of the first PDU of a PDU set and PDU set size (number of bits), importance, PDU set identity and association among PDUs within the same PDU set.
Proposal 5: The following information of uplink traffic is useful for UL packet discarding: PSDB and PDB, PDU set identity and association among PDUs within the same PDU set.
Proposal 6: RAN2 to discuss whether importance information could be used for UP packet discarding. 
Proposal 7: PSER information could be used for capacity enhancement, e.g. congestion/access control, or RAN link adaptation.
Proposal 8: UE could send an indication to gNB when the last PDU of a data burst in UL buffer has been sent to gNB for power saving. 
Proposal 9: Start time and size of PDU set can be reported by extending the current BSR for power saving. 
Proposal 10: XR-awareness information exchange between UE and gNB should be studied in RAN side. 
Proposal 11: XR-awareness information exchange between application layer and AS layer inside UE could be studied in SA/CT, e.g. NAS signaling, or left to UE implementation, etc. 
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