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1 Introduction
A Rel-18 study item was approved at RANP#94 in December 2021, including the following objectives. The study is to be based on RAN1, Rel-17 TR 38.838 [2], SA4 work in SP-210043 [3], and SA2 SID in SP-220705 [4] and WID in SP-221326 [10]. 

The study was concluded at RAN#98 in December 2022 for objectives for Power saving and capacity improvements but extended one quarter to finalize the XR awareness part as noted in RP-230052 [11].


	

The study is to be based on Rel-17 TR 38.838, on corresponding Rel-17 work from SA4 (as per SP-210043) and on Rel-18 work from SA2 (as per SP-220705 and SP-221326). 

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.
 
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
 
Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
Dynamic scheduling/grant enhancements








The conclusions from the RAN2#119e, RAN2#199bis and the RAN2#120 meeting  are collected in references [7}, [8] and [9]. 

At RAN2#119bis meeting [8], the following agreements regarding XR awareness were made:

At RAN2#120 meeting [9], the following agreements regarding XR awareness were made:

PDU sets:
N1N excluded
Splitting DRB into multiple LCH (DC like) FFS.
Should try to understand why we would need to treat PDU sets differently over the radio and why different PDU sets are muxed over same flows. Also need to understand need for reordering.
Send LS to SA2/SA4 (Nokia)

For Uplink
Agree that UE identifies PDU Sets / Bursts.
In-band marking not needed. Further information considered if BSR is not enough.
Handling of discard FFS.
Mention agreements in SA2 LS (see email discussion 298)


Furthermore, SA plenary in December 2022 approved a new WID, SP-221326 [10] on XRM based on conclusion from the study SP-220705 [4],

In this contribution, we discuss potential solutions for XR awareness, particularly related to awareness on PDU set information and PDU prioritization. We propose that RAN shall be informed about different reliability levels of PDUs within a PDU set and that RAN can be informed about PDUs containing application layer FEC redundancy information..

2 Discussions on XR awarness, PDU prioritization 

2.1 Background 
In SA2, the study FS_XRM is finalized, TS 23.700-60 [5], including KI#4 (PDU Set integrated packet handling) and KI#5 (Differentiated PDU Set Handling). Now the normative phase of XRM is ongoing. In KI#4 it is discussed what information and how the application will signal this to the Core Network, and also what information to forward to RAN and to the UE respectively. In KI#5 the PDU set is defined including how the importance information is signalled, enabling differentiated PDU Set handling, and to which entity it is sent. 
The conclusions are made regarding which proposals that are agreed and therefore will be specified in normative stage-2 specifications TS 23.501 and TS 23.502

SA2 has agreed the following definition of a PDU Set
PDU Set: 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, as used in TR 26.926 [27]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.

SA2 specify that the PDU Set information is sent in the GTP-U header to RAN as defined in S2-2301379 [11]:
-	PDU Set Sequence Number.
-	End PDU of the PDU Set.
-	PDU Set Sequence number (SN) within a PDU Set.
-	PDU Set Size in bytes.
-	PDU Set Importance, which identifies the importance of a PDU Set within a QoS Flow.

2.2 Discussion on Priority of PDUs within a PDU set.
XR transmission is typically involving a video transmission. A video transmission, particularly a video transmission with high quality, may require large packet size. A large packet size is typically divided into sub-packets or PDUs, belonging to a PDU set. Each sub-packet is transmitted from the source application over the internet via the UPF and the RAN connection to the application in the UE.	

Assuming a PDU Set contains the same type of content/importance, then typically for XRM service, a PDU Set needs to be delivered as a whole and if some pieces are not delivered in time, then the complete PDU Set should be dropped. i.e. if not all PDU´s within the PDU set are delivered, then the packets delivered successfully, are transmitted in vain.

Observation 1: In order to not waste radio resources, if the initial packets in a PDU set are delivered successfully, the delivery of the remaining of the PDUs should be delivered with increasingly priority, in order to not have wasted the initial packets, if not the remaining packets were delivered.

Hence from a radio resource/bandwidth perspective, the last PDU´s within a PDU set should have higher importance compared to the first or initial PDU´s within the same PDU Set.

If the PDU Set contains multiple sub-types of flows such as video, audio, haptic data or sensor data as defined in some solutions then the same is valid for each of the sub-types.

Observation 2: In case there are different types of PDUs the different types shall be handled separately with different priorities. 

During normal transmission the NG-RAN calculates the needed modulation or coding rate to achieve a specific BLER (Block Error Rate) to fulfill the desired QoS of the PDU. The existing solutions expect the QoS to be equal for all PDUs with the same importance within the PDU Set. 

There is a need to improve the resource efficiency in 5GS, e.g. in NG-RAN by allowing NG-RAN to be aware of where within the PDU Set it transmits PDUs in order for NG-RAN/gNB to be able to adjust the reliability level within the PDU Set so that the reliability is less in the beginning compared to the end in the same PDU Set. This can be performed within a PDU Set by RAN for PDU Sets with high importance as informed by SA2. This is noted in the description of solution #50 in [5]:
NOTE 2:	It is up to RAN to decide how to calculate the relative reliability level. RAN may, for example, use the position of the PDU within the PDU Set and the reported CSI to adopt to the expected BLER Target.


Proposal 1: NG-RAN/gNB should investigate a potential to use differentiation of reliability levels within a PDU Set when PDU Set is indicated from the UPF in the GTP-U header.

Depending on solution, this may be mainly to be discussed by SA2 and RAN3 for CN-gNB signalling and it has been discussed in RAN Plenary that RAN2-SA2 coordination is needed. Potential impact for RAN2, may be related to new ways to handle QoS and that RAN needs to be aware of the PDU set since RAN should be able to handle different reliability in the beginning and end of the PDU Set. 

Observation 3: RAN needs to be aware of the PDU set and that RAN2 is notified if any RAN2 impact is identified by SA2. 


2.3 Prioritization of Application Layer FEC redundancy bits
In SA2 and SA4 it is discussed that the application data for the streamed media in a PDU Set may be error correction encoded by a FEC on the application layer, similar as in MBS using the FLUTE protocol, this is e.g described in TS 26.346 [6]. The application layer FEC redundancy bits are according to [6] transmitted separated from the information bits from the application to the UPF. 
The redundancy bits are only needed in the UE in case there are errors in the message after it has been received by the application layer in the UE. In case the Information part of the PDU Set is received without any errors, the redundancy bits are not needed and thereby it is not necessary to send them over the Uu interface. Therefore in case the information about where in the PDU set the FEC bits are transmitted is known to RAN, RAN could check if the whole PDU Set is correctly received on RAN level. In that case the FEC bits are not needed and thereby the load on the Uu interface can be reduced without any degradation. 
The prioritization of the FEC redundancy bits depends thereby on how successful the transmission of the information bits is. In case the redundancy bits e.g. are sent in a different QoS flow from the UPF, that can be used to detect and delay this part of the PDU Set until the other bits are transmitted. 



Observation 4: In case the application layer uses FEC forward error correction and it is known by RAN where in the PDU set it is sent it is possible for RAN to reduce the load on the Uu interface by not transmitting the FEC redundancy bits.

In SA2 study, solution #70 describes the PDU Set with FEC Data.  including
PDU Set payload size (expressed in number of PDUs). This parameter is used to identify which part of the PDU Set that contains PDU Set payload data. 
If all the PDU Set payload data PDUs has successfully been delivered to the UE then RAN may avoid sending the remaining PDUs since they only contains FEC data. SA2 did not conclude on PDU Set Error Rate or PDU Set payload size during the study but have now defined PDU Set Error Rate in S2-2301472 that could be used by RAN for this.

Proposal 2: Agree to use the defined PDU set Error Rate as defined by SA2.

In order to decide which are FEC data, and/or where inside the PDU set are the FEC PDU placed needs to be clarified.

Proposal 3: Send LS to SA2 and/or SA44 that RAN2 is interested in information regarding the position of the FEC redundancy bits. 


3 Summary
In this contribution, we have discussed our view on potential XRxxxx in NR. Our observation and proposals are listed below:

Observation 1: In order to not waste radio resources, if the initial packets in a PDU set are delivered successfully, the delivery of the remaining of the PDUs should be delivered with increasingly priority, in order to not have wasted the initial packets, if not the remaining packets were delivered.

Observation 2: In case there are different types of PDUs the different types shall be handled separately with different priorities. 

Proposal 1: NG-RAN/gNB should be informed about potential differentiation of reliability levels within a PDU set from Core Network nodes, including AMF and UPF

Observation 3: : RAN needs to be aware of the PDU set and that RAN2 is notified if any RAN2 impact is identified by SA2. 

Observation 4: In case the application layer uses FEC, forward error correction, and it is known by RAN where in the PDU set it is sent it is possible for RAN to reduce the load on the Uu interface by not transmitting the FEC redundancy bits.

Proposal 2: Send LS to SA4 that RAN2 is interested in information regarding the position of the FEC redundancy bits. 
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