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1 Introduction
In [1], a new Study Item identifying three main areas of study, i.e., XR-Awareness in RAN, XR specific power savings and XR specific capacity improvements, was agreed. 
“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 [2] a TR for the SI has captured agreement related to XR awareness. Thus far details related to the agreed OoS parameters and assistance information are still up for discussion and pending SA2 work. This is reflected by the Editor's Note: the impacts of these latest agreements by SA2 still need to be processed by RAN2.
[bookmark: _Ref178064866]In this contribution we discuss whether jitter applies in the UL and how RAN can make use of information related to PDU Sets. In addition we also provide comments on recent LS replies from SA2 and SA4.
2	Discussion PDU Set and Data burst information
[bookmark: _Toc70424553][bookmark: _Ref189046994]2.1	Uplink Jitter
In case jitter exists in UL, and UE has the capability to measure it, it can be useful for gNB to have this information signaled from the UE or from the CN. One way of potentially signaling jitter info from the UE could be to update the UE Assistance Information IE with jitter statistics in the RRC specification. With jitter information the gNB may decide how to configure settings for existing scheduling solutions, e.g. configured grant and dynamic pre-scheduling.
UL jitter information (statistics) may be useful for configuration of existing scheduling mechanism
UL jitter information may be signaled from UE over RRC e.g. UAI  

2.2	PDU Set information in RAN
RAN2 has agreed to the following text in TR 38.835 [2]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.
-	Dynamic information for DL provided by 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).



[bookmark: _Toc127454127]The above list of parameters captures information considered useful in RAN, what follows is an analysis of these parameters.

· [bookmark: _Toc127454128]Periodicity and Jitter information for UL and DL
[bookmark: _Toc127454129]Periodicity for UL and DL traffic of the QoS flow via TSCAI is useful information to configure scheduling and power saving features in RAN. It is however expected that XR traffic is dynamic. Traffic patterns may adapt and change in response to various triggers like congestion indications, or user setting. The QoS flow is set up during PDU Session establishment/modification through NGAP which requires a lot of signalling between various CN entities, RAN and UE. This procedure may be too slow for gNB to adapt to rapid changes, thus other signalling options may be needed, this is further discussed in [3]  .
[bookmark: _Toc127454130]Traffic jitter information may also be used in RAN to configure scheduling and power savings features in RAN.

· [bookmark: _Toc127454131]PDU Set Error Rate (PSER)
[bookmark: _Toc127454132]PDU Set Error Rate, is a requirement of the QoS flow. PDU Sets that are late, i.e. not fulfilling the PSDB, or lost will contribute to the PSER. PSER can be used by gNB to configure settings to fulfil the requirement. 

· [bookmark: _Toc127454134][bookmark: _Toc127454135]PDU Set Delay Budget (PSDB)
[bookmark: _Toc127454136]PDU Set Delay Budget, is a requirement of the QoS flow. PSDB can be used in solutions such as delay scheduling or packet discarding. PDU Sets that are dropped or received after PSDB expiry, will be contributing towards the PSER.

· [bookmark: _Toc127454140]PDU Set Sequence Number
[bookmark: _Toc127454141]PDU Set SN will be useful for identifying UL PDU Set in the UE and DL PDU Set in RAN.

· [bookmark: _Toc127454142]PDU Set Size in bytes
[bookmark: _Toc127454143]PDU Set size will be useful for efficient downlink scheduling. With such information provided up-front, gNB may use it to estimate if the entire PDU Set may be delivered within the PSDB. Such estimate can in turn be used in delay scheduling or PDU Set discarding.

A number of the parameters that may be provided to RAN to assist in the handling of QoS flows and PDUs can be useful:
· Periodicity and Jitter information for UL and DL
· PDU Set Error Rate (PSER)
· PDU Set Delay Budget (PSDB)
· PDU Set Sequence Number
· PDU Set Size in bytes

· [bookmark: _Toc127452913][bookmark: _Toc127453074][bookmark: _Toc127453219][bookmark: _Toc127454137][bookmark: _Toc127454138]PDU Set Integrated Indication (PSII)
In TR 38.835 PDU Set Integrated Indication (PSII) is defined as follows: “whether all PDUs are needed for the usage of PDU Set by application layer”. In addition, the TR notes the following: “In this release, a PDU set is considered as successfully delivered when all PDUs of a PDU Set are delivered successfully.” We note that these two statements are inconsistent.
For example, let’s consider PSII for a particular QoS flow to indicate that all PDUs in the PDU Set are not needed for the usage of the PDU Set by the application layer. Suppose that parts of a PDU Set is lost, e.g. because the retransmissions reached the limit. It should be noted that the NW can never secure 100% delivery of packets within a delay requirement. If packets passed such delay threshold the gNB can take an action that will result in dropping parts of the PDU Set. Then, according to the NOTE, that particular PDU Set is not successfully delivered, i.e. that PDU Set will most likely contribute to the PDU Set Error Rate (PSER) metric. On the contrary, suppose the PSII is not set and gNB drops the entire PDU Set, then that PDU Set is still counted towards the PSER metric. As a consequence, from gNB perspective the PSER requirement is impacted equally, regardless of the PSII setting, thus making PSII indication meaningless since the same requirements are fulfilled under both settings.
[bookmark: _Toc126054828]PSII is inconsistent with the current working assumptions. 
In addition, in [4] we analyze the impact of using PSII for discarding and it is concluded that it will not be beneficial to use PSII in discarding solutions.
Discarding solutions based on PSII is not beneficial
In conclusion, we prefer to not standardize features using PSII.
[bookmark: _Toc126054834][bookmark: _Toc127454139]PDU Set Integrated Indication (PSII) is not considered in the WID.
  


· [bookmark: _Toc127454144]PDU SN within a PDU Set
[bookmark: _Toc127454145]The LS reply sent from SA4 states that ensuring in-order delivery is not recommended in RAN. Such things may be handled at the application layer. Thus, maintaining order of the PDUs within the PDU Set is not needed.
[bookmark: _Toc127454146][bookmark: _Toc127454147]PDU SN within a PDU Set is not considered in the WID

· [bookmark: _Toc127454148]End of PDU Set
[bookmark: _Toc127454149]End of PDU Set is not needed, the boundary of PDU set can be indicated with the PDU Set size and PDU Set Sequence number. With these, the RAN can track which PDU belongs to which PDU Set and accumulate the number of bytes received in the PDU Set, up until the end of the PDU Set is identified. 
[bookmark: _Toc127454150][bookmark: _Toc127454151]End of PDU Set is not considered in the WID

· [bookmark: _Toc127454152]PDU Set Importance
[bookmark: _Toc127454153]As discussed in our sister contributions [5] and [6] PDU Set importance is not considered useful for standardized features.
[bookmark: _Toc127454154][bookmark: _Toc127454155]PDU Set Importance is not considered/used in RAN.

· [bookmark: _Toc127454156]End of Burst Indication
[bookmark: _Toc127454157]End of Burst Indication (EOBI) was introduced for power saving features, to trigger UE sleep mode after a burst has been received. In our view EOBI is likely to be unreliable since packets may arrive out of order. Configuration of features relying on EOBI may perform worse in cases when the EOBI is given too early. In addition, explicit EOBI is not necessary, it can likely be derived with proprietary solutions. In conclusion EOBI can be used for proprietary solutions but will have no impact RAN2 specification  
[bookmark: _Toc127454158]EOBI is not considered in the WID for XR-awareness.

4 Answer to SA2 LS reply
In [8] SA2 ask for feedback from RAN2 on the newly defined QoS Parameter PDU Set Error Rate (PSER). Specifically SA2 wants to get feedback on its intended purpose, i.e. appropriate link layer protocol configurations. In our view the PSER is useful for this purpose, as it can be used to configure settings in RAN to meet the QoS requirements.
[bookmark: _Toc127454159]Propose that RAN2 answer to SA2 that the defined PSER QoS parameter is useful for configuring settings in RAN to meet the QoS requirements

5 Conclusion
In the previous sections we made the following observations: 
1. UL jitter information (statistics) may be useful for configuration of existing scheduling mechanism
A number of the parameters that may be provided to RAN to assist in the handling of QoS flows and PDUs can be useful:
· Periodicity and Jitter information for UL and DL
· PDU Set Error Rate (PSER)
· PDU Set Delay Budget (PSDB)
· PDU Set Sequence Number
· PDU Set Size in bytes
PSII is inconsistent with the current working assumptions. 
Discarding solutions based on PSII is not beneficial

Based on the discussion in the previous sections we propose the following:
1. UL jitter information may be signaled from UE over RRC e.g. UAI  
1. PDU Set Integrated Indication (PSII) is not considered in the WID.
PDU SN within a PDU Set is not considered in the WID
End of PDU Set is not considered in the WID
PDU Set Importance is not considered/used in RAN.
EOBI is not considered in the WID for XR-awareness.
Propose that RAN2 answer to SA2 that the defined PSER QoS parameter is useful for configuring settings in RAN to meet the QoS requirements

5 References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-213587, “Study on XR Enhancements for NR”, Nokia, RAN#94e, December 2021.
[bookmark: _Ref127433948]3GPP TR 38.835v1.0.0(2022-12), NR; Study on XR enhancements for NR, (Release 18) 
[bookmark: _Ref127434330]R2-2301507, Discussion on XR-specific capacity improvements, Ericsson, RAN2#121-Athens, Feb 2023
[bookmark: _Ref127434718]R2-2301509, Discussion on PDU Discard, Ericsson, RAN2#121-Athens, Feb 2023
[bookmark: _Ref127434912]R2-2301506, Discussion on Protocol Stack impacts, Ericsson, RAN2#121-Athens, Feb 2023
[bookmark: _Ref127434925]R2-2301511, Discussion on PDU prioritization, Ericsson, RAN2#121-Athens, Feb 2023
S4-221626, Reply LS on Pose Information for XR, SA4, SA4#121-Toulouse, Nov 2022
[bookmark: _Ref127446734]S2-2301378, Reply LS on PDU Set Handling, SA2, SA2#154AH, Jan 2023



	4/4	
