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Introduction
XR is a Rel-18 study item [1] and continuous from the evaluation of XR in Rel-17 [2].  The objectives of Rel-18 XR study are as follows,
The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
· 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 study of XR-specific UE power saving and capacity improvement in RAN1 were completed.   However, there are some remaining issues of XR-awareness aspects to be completed in RAN2.  This paper discusses the potential works for XR.  
Discussion of XR Study on XR-awareness and associated power control and capacity improvement

[bookmark: _Hlk121042116]The study of XR-specific power saving techniques had been completed in RAN1 with the text proposals of power saving techniques and evaluation results agreed in [5]  to be captured TR38.835 [3].  RAN1 study of the XR-specific power saving is based on the assumption of gNB scheduler awareness of the XR frame generation rate (e.g., 30 or 60 XR frames per second).  The proposed XR-specific power saving techniques in RAN1 would try to align the network control parameters of the power saving scheme, such as C-DRX, to align with the inter-arrival of XR traffic, which includes the interval of periodic XR frame generation and the variation of the network transport delay (delay jitter).  In XR evaluation methodology, the delay jitter is assumed to be ±4 and ±8 ms with XR frame generation rate at 60 and 30 frames per second (the interval of 16.67 and 33.33 ms of XR traffic generation cycle).   The UE power saving gains of the proposed XR-specific power saving techniques were obtained based on the perfect knowledge of XR traffic inter-arrival and small delay jitter value ranges of ±4 and ±8 ms from the evaluation methodology.   The small delay jitter value ranges of ±4 and ±8 ms and the interval of XR traffic generation at 16.67 and 33.33 ms implies that there is no out-of-order XR packet arrival.  Thus, the XR packet should be delivered to XR application layer in-sequence all the time with the packet delay budge of 10 ms.  
SA2 had sent an LS reply back to RAN1 and RAN2 on XR and media service regarding the XR-awareness and XR-specific power control [6].  In the SA2 study of the XR-awareness and power saving [9],  Key Issue #8 Enhancements to power savings for XR services targets the study to improve UE power saving with the XR-awareness information, such as XR/media traffic characteristics, traffic pattern and statistics, provided to the RAN from the CN with XR-specific power saving techniques, i.e. CDRX enhancement.
The study results of Key Issue#8 from SA2 in the LS reply [6] indicates that the core network will provide RAN a list of XR PDU set information, which include PDU set periodicity and start time, PDU set end indication, PDU set level QoS parameters, PDU set size in term of number of bits or number of PDUs in a PDU set, PDU set identity and relationship information among PDUs within the same PDU set and jitter information.   Since a XR packet could consist one or more PDU sets, the PDU set indication might not provide the exact information of XR packet arrival for the network configuration to help the network configuration of the XR-specific power saving technique such as XR-specific C-DRX enhancement.  SA2 had informed RAN1 that relying on the listed XR PDU Set information alone may not result in an optimal CDRX configuration, since a data burst may include one or multiple PDU Sets
RAN1 had discussed SA2’s LS [6] regarding the PDU set and data burst of the XR packet generation with two questions for clarification in the reply LS [8] on the definition of short period of time for a data burst, which the short period time is assumed as the interval of XR frame generation cycle.  Since a data burst contains one or more PDU sets in an interval (short period time), the inter-arrival time of XR PDU sets at the gNB scheduler, would not be periodic as assumed in the RAN1 evaluation.   If the XR PDU set(s) of any data burst could be marked with number, RAN1 would further clarify whether the time stamp of the first PDU set of any XR data burst would be available in the reply LS to SA2 [8].  
RAN2 also discussed SA2’s LS on the mapping of XR frame to the PDU sets.  RAN2 sent an LS to SA2 [7] on PDU set handling to clarify how PDU sets could be mapped in radio protocols.   RAN2 would like the clarification from SA2 in [7] on whether different PDU sets could have different characteristics (for instance importance, PSER, and/or PSDB).  RAN2 would also like to know whether different types of PDU set can be mapped to the same QoS flow in order for gNB scheduler to handle the PDU sets accordingly. 
During SA2#154 in Toulouse, France, the PDU set related information to support PDU set based handling was agreed with text proposal in [10] as follows, 
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 SA4 progress on SA4 5G_RTP WI. It’s 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.

[bookmark: _Hlk121047395]The PDU set related information agreed by SA2 [10] in SA2#154 has provided information on a XR data burst for PDU handling.  The PDU set sequence number, the End PDU of the PDU set, and the PDU SN within a PDU set would provide the gNB scheduler the mapping of XR frame to the PDUs within a data burst (total number of PDUs within a XR data burst) at each XR frame generation cycle.   This should be sufficient for the XR PDU handling at the gNB scheduler.   Although the details of the XR frame mapping to the PDU and associated QoS flow are not yet clarified, the RAN study on XR-awareness should be able to move forward to the details design in the XR work item.  

[bookmark: _Hlk121053055]Proposal 1:  Based on SA2 agreements in XR PDU set related information for PDU set based handling, RAN study on XR-awareness should be able to move forward to the details design in the XR work item although the study of XR-awareness is not completed in RAN2

In RAN1 there is no consensus on any XR-specific power saving techniques in both C-DRX enhancements and PDCCH monitoring adaptation enhancements.   Since the evaluation results of UE power saving gain is based on the assumption of XR traffic periodic arrival, the variation of the XR PDU inter-arrival at the gNB was not taken into account.    The assumption of aligning the XR-specific C-DRX configuration to the XR packet generation cycle might not be optimized when a XR packet is a data burst consists of one or more PDUS, From SA2 conclusion on the XR characteristic and RAN1/RAN2 discussion on the SA2 LS, XR-specific C-DRX enhancement based on the XR-awareness at the gNB scheduler might not be optimized due to one or more XR PDUs generation within the period.  

Proposal 2:  From SA2 conclusion of XR and media service for UE power saving, the enhancement of the C-DRX configuration aligned with XR traffic generation cycle would not provide the optimized configuration in achieving the UE power saving gain since a XR frame is mapped to a data burst which consists of one or more PDU sets.   The C-DRX enhancement with semi-static alignment to the XR frame generation cycle should not be included in the XR work item.  

[bookmark: _Hlk121051671]There are several proposals of enhanced PDCCH monitoring adaptation for XR to achieve the UE power saving gain over Rel-15/16/17 UE power saving techniques, such as PDCCH skipping duration enhancement, continuous PDCCH skipping, PDCCH skipping by non-scheduling DCI, and PDCCH monitoring resume if UE transmits NACK after PDCCH skipping starts.  Most of the PDCCH monitoring adaptation enhancement could be achieved by existing Rel-17 PDCCH skipping and Rel-15 MAC control go-to-sleep signaling without further much of performance degradation.     Thus, there is no PDCCH monitoring adaptation enhancement for XR-specific power saving in Rel-18.

[bookmark: _Hlk121053081]Proposal 3:  There is no PDCCH monitoring adaptation enhancement for XR-specific power saving in Rel-18.
[bookmark: _Hlk115249176][bookmark: _Hlk121052797]For XR specific capacity enhancements, multiple configured CG occasions with UE report of unused CG occasions by UCI was recommended by RAN1.   Most of the proposed XR capacity enhancement schemes with capacity gain are generic and not customized for XR, such as cooperative MIM via DL interference probing based on SRS enhancement, enhanced CQI based on DMRS or for CBG-based transmission, and UL delay-aware scheduling.  The BSR enhancement would define the triggering mechanism specific for XR traffic arrival.  The XR-specific playoutDelayForMediaStartup uses the Rel-17 feature of UE reporting the buffer size of media playout to reach up to over 200% capacity gain.   Most of the proposed enhancements could achieve the XR capacity enhancement with Rel-17 specification.  Thus, the XR-specific capacity improvement should focus on multiple configured CGs with UCI feedback on unused occasions and BSR enhancement.  
Proposal 4:  The XR-specific capacity improvement should focus on multiple configured CGs with UCI feedback on unused occasions and BSR enhancement.  

Conclusion 
In this contribution, we have discussed the study of the XR in the area of XR-awareness, XR-specific power saving, and XR-specific capacity improvement.   Although the details of XR-awareness are not yet completed in RAN2, SA2 agreements on the PDU set related information for PDU set handling in SA2#154 in Toulouse should provide the sufficient information to move forward the XR-awareness to the work item.   We have the following proposals for the consideration of XR feature in Rel-18,
· Proposal 1:  Based on SA2 agreements in XR PDU set related information for PDU set based handling, RAN study on XR-awareness should be able to move forward to the details design in the XR work item although the study of XR-awareness is not completed in RAN2
· Proposal 2:  From SA2 conclusion of XR and media service for UE power saving, the enhancement of the C-DRX configuration aligned with XR traffic generation cycle would not provide the optimized configuration in achieving the UE power saving gain since a XR frame is mapped to a data burst which consists of one or more PDU sets.   The C-DRX enhancement with semi-static alignment to the XR frame generation cycle should not be included in the XR work item.  
· Proposal 3:  There is no PDCCH monitoring adaptation enhancement for XR-specific power saving in Rel-18.
· Proposal 4:  The XR-specific capacity improvement should focus on multiple configured CGs with UCI feedback on unused occasions and BSR enhancement.  
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