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1. Introduction
The Rel-18 SID on NR XR Enhancements has the following objective on XR-specific power saving enhancements [1]:

	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.


In this contribution, we discuss the potential enhancements for power savings for XR applications/services. 

2. Discussion
During Rel-17 SI [2], the traffic models for different XR applications (AR, VR and cloud gaming) were defined and the power savings evaluations when supporting XR traffic in DL and UL were performed in RAN1.  

From the discussions on traffic models, the XR traffic in DL is characterized by high and variable PDU sizes (e.g. due to I-frames, P/B frames), high number of PDUs per frame, quasi-periodic periodicity, and multiple flows per application. In UL, the XR traffic is characterized by high periodicity (e.g. for pose/control data), high data rate (e.g. for AR video), and multiple flows per application (e.g. aggregated video, audio). The XR traffic in both DL and UL require satisfying stringent QoS in terms of high data rate (e.g. 45Mbps for AR video), low latency (e.g. 10ms PDB) and high reliability (e.g. 99% success rate) for ensuring user satisfaction. 

Given the small device form factor and limited battery capacity, achieving power savings in UE is important when supporting any of the XR applications. The typical XR traffic characteristics defined by non-integer and high periodicity, jitter and variable payload sizes allow limited opportunity for operating in low power mode and achieving power savings with legacy semi-static techniques (e.g. legacy CDRX).
Observation 1:
XR traffic characteristics, which are defined by non-integer periodicity, jitter, variable data rates and multiple correlated flows, make it extremely challenging for achieving power savings with legacy semi-static power saving techniques
The Rel-17 evaluations in RAN1 also indicate a tradeoff relationship between power savings gain and capacity achievable. This is mainly due to mismatch between the CDRX parameters configured in UE (e.g. cycle duration, ON/active duration) and the supported XR traffic patterns coupled with stringent QoS (e.g. low PDB, high data rate).  

In the previous RAN1#109e meeting, the following agreements were made on the main issues related to power savings and the potential enhancements for CDRX [3]:
	Agreement

For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:

· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow

· High priority Issue 1-2: C-DRX enhancements to handle jitter

· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]
· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate

· Note: Some companies think the adjustment for variable burst sizes can be realized by existing spec already
· Low priority Issue 1-5: low latency handling 

· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)

FFS: how the solutions or the combination of the solutions can handle all the identified issues.

Note 1: Other considerations are not precluded

Note 2: It can also be adopted for addressing issue 1-1

Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.

Additional details can be found in R1-2205411.


While the agreements in RAN1 provide a starting point for identifying the enhancements for power saving solutions, the aspects related to how the XR-specific traffic patterns (e.g. non-integer periodicity, variable payload sizes, jitter, multiple flows) and QoS can be accounted for when configuring and aligning the CDRX parameters and their corresponding impacts on procedures and signalling should be discussed in RAN2. 

One of the key XR-specific aspects is on the handling and delivery of data in the form of PDU sets. In SA2 TR 23.700.60 [4], the PDU Set is defined as follows:

	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.


From the definition above, a PDU set can consist of several inter-dependent PDUs which are associated at the application layer (e.g. multiple PDUs associated with a video/media frame). The number of PDUs per PDU set, and the payload sizes of each PDU in a PDU set can vary depending on the techniques (e.g. codec) applied at application layer. In relation to configuration and adaptations of power saving techniques, how the PDU set can be accommodated at the AS layers when using CDRX should be studied. 
Proposal 1:
Study how CDRX configurations/parameters can be configured for accommodating PDU set characteristics.
The QoS framework when handling PDU sets can be different compared on the legacy per-flow or per-PDU QoS. The latency metric considered for PDU set is PDU set delay bound (PSDB) and for reliability the metric is PDU set error rate (PSER) [4]. The PSDB is defined as an upper bound for the time that a PDU Set may be delayed between the UE and the UPF in network. PSER is defined as an upper bound for the rate of PDU-Sets that have been processed by the sender of a link layer protocol (e.g. RLC) but where all of the PDUs in the PDU-Set are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP). In essence, the PDU sets may be subject to new PDU set level QoS requirements, which need to be met during transmissions. 

It should be noted that the PDU set level QoS defined by SA2 apply on an E2E basis (e.g. between UE and UPF). The associated QoS when transmitting PDU sets over the air interface may be determined by the gNB based on information provided by CN functions (e.g. AMF, SMF) upon splitting the E2E QoS to AS-layer and CN components. In this case, the CDRX configurations and/or parameters that can be configured in the UE for enabling flexible transmission/reception of PDU sets with different traffic patterns (e.g. variable payload size, jitter) and QoS should be discussed.  

Proposal 2:
Study how CDRX configurations/parameters can be configured in the UE for meeting PDU set-level QoS (e.g. PSDB, PSER)
2.1 Enhancements for adapting CDRX parameters
When UE is configured with legacy CDRX with integer periodicity values (e.g. 8ms, 10ms, 16ms), the non-integer periodicity values associated with the PDU set generation rates (e.g. 16.66ms, 8.33ms) results in a mismatch when receiving DL data during ON durations of CDRX occasions. The mismatch between the XR traffic (e.g. PDU sets) and CDRX periodic occasions may occur after a number of cycles, where the earliest cycle at which the mismatch occurs depends on the CDRX periodicity configured for a given PDU set generation rate. In this regard, how to configure and adapt the periodicity of CDRX cycles to align and match with the XR traffic should be discussed. 
In one approach, since the number of cycles for the mismatch to occur can be predetermined, the CDRX configuration can be readjusted by periodically changing the start offset (e.g. advancing/delaying the start offset) by some fixed duration to realign with the XR traffic. In this case, the number of cycles and amount of start offset adjustment duration can be preconfigured in the UE. A similar approach would be to configure non-uniform CDRX cycle patterns (e.g. 16ms, 16ms, 17ms) in the UE that may correspond closely with the non-integer XR traffic periodicity. 
While such semi-static approaches may address the mismatch issue to some extent, optimizations to CDRX by introducing new parameters (e.g. number of cycles before readjustment, non-unform cycle pattern) that are closely related to existing PDU set generation rates (e.g. 60fps, 120fps) may be less robust against a wide variety of data generation rates and traffic patterns that the application/network may support. In addition, the presence of jitter during transport in network may result in deviation from the expected non-integer periodicity associated with the XR traffic. 
Jitter can cause arrival of PDUs within a PDU set (e.g. intra-PDU set jitter) and across different PDU sets (e.g. inter-PDU set jitter) to be delayed/advanced during reception at gNB. Specifically, in the case of intra-PDU set jitter, the PDU set boundary corresponding to the arrival time of the first PDU and last PDU of a PDU set may vary instead of arriving periodically in a burst aligned with the frame generation periodicity. Likewise, for inter-PDU set jitter, the arrival time of different PDU sets may vary from one another instead of following the frame generation periodicity. 

Since the gNB has visibility of the XR traffic arrival along with jitter info (e.g. jitter range), one approach for addressing the mismatch issue is by dynamically signalling to the UE to adjust the CDRX start offset time for the ON durations of the next few CDRX cycles. For example, the UE can be preconfigured with different start offset values when configured with a CDRX configuration. Then a dynamic indication can be sent by gNB in DL (e.g. in MAC CE) during the current CDRX ON duration, for example, when detecting a mismatch between XR traffic arrival and the configured CDRX for the upcoming cycles. When receiving the indication, the UE can adjust the CDRX according to the indicated start offset value for receiving the DL data in the upcoming CDRX cycles.
Proposal 3:
Support configuring multiple CDRX parameters (e.g. start offset values, ON duration values) in UE for handling certain adjustments to the CDRX configuration
Proposal 4:
Study mechanism for supporting dynamic indication (e.g. in DL MAC CE) to change the parameters of CDRX configuration
When supporting split rendering applications (e.g. VR, AR), the UE sends pose and/or video traffic in UL, and in response, receives the pre-rendered video traffic in the DL. For ensuring adequate user experience, after sending the UL data, the DL data should be received within a maximum RTT latency (e.g. corresponding to motion-to-render-to-photon latency). Since the UE is both the source and destination of the UL and DL traffic, the higher layers in UE can determine the traffic pattern expected in DL (e.g. type of DL PDU sets expected, arrival time of DL traffic) based on the traffic transmitted in UL and knowledge of RTT latency. 
In these scenarios, when identifying that the configured CDRX parameters are not suitable for handling the traffic pattern expected in DL, the UE can send a request indication (e.g. in UL MAC CE) to gNB to adapt the CDRX parameters. For example, the UE can send an indication for extending the ON duration or changing the start offset time of the next ON duration for receiving the DL traffic with low latency. The gNB can then make adaptations to the CDRX parameters such that they are aligned for receiving the DL traffic within the latency bound and improving power savings.

Proposal 5:
Support UE sending an indication to gNB (e.g. in UL MAC CE) to request for changing the parameters of CDRX configured in UE
2.2 Enhancements for changing CDRX configurations
From the descriptions in earlier section, the PDU sets generated by the video encoder at the application server may consist of variable number of PDUs or payload sizes at each periodic occasion, depending on the type of codec applied and the frame type. The PDU sets are also subject to PDU set level QoS (e.g. PSDB, PSER) during transmission.  

For ensuring power savings and QoS, the active time duration in a CDRX cycle should ideally span the duration of delivering a data burst consisting of one or more PDU sets. Otherwise, any of the remaining PDUs of a PDU set would be delayed for the next CDRX cycle/occasion, which may result in not meeting the PDU set level QoS. When CDRX is configured semi-statically, there is a likelihood of the active duration to be either insufficient or longer than necessary, especially when handling PDU sets with large standard deviation in the payload sizes. Any reconfiguration to CDRX parameters (e.g. ON duration, inactivity timer) via RRC signalling can cause additional latency. For ensuring that the CDRX active duration is adequate for handling variable PDU set sizes or different number of PDUs per PDU set, some mechanisms for supporting adaptations to the CDRX configurations/parameters can be considered.
Similar to the approach described previously, the UE can be preconfigured with multiple CDRX configurations and/or parameters (e.g. ON duration, inactive timers) that can be used for aligning with the PDU set characteristics (e.g. variable PDU set size) and traffic patterns. For example, the multiple CDRX configurations configured in UE may consist of different ON durations, start offset values or periodicity values. Based on the payload sizes associated with the PDU sets received in DL or the traffic pattern corresponding to the PDU sets, the gNB can send a dynamic indication (e.g. in DL MAC CE) for activating/deactivating a preconfigured CDRX configuration for delivering the PDUs of the PDU sets within the associated PDU-set level QoS. 
Proposal 6:
Support configuring multiple CDRX configurations (e.g. with different parameters) in UE for handling different XR traffic patterns
Proposal 7:
Support mechanisms for dynamically activating/deactivating (e.g. via DL MAC CE) a preconfigured CDRX configuration
2.3 Enhancements for handling multiple XR traffic patterns/flows
During Rel-17 evaluations [2], the power saving performance achievable with CDRX for XR applications with multiple flows indicated only marginal gain compared to the always-on baseline case. In comparison with the single flow case, the multiple flow case with CDRX indicated a reduction of almost 50% in the power saving gain. Such degradation is due to handling of high traffic load (e.g. for aggregated video) and different traffic patterns associated with the multiple flows, which require the use of long ON/active time duration. In this case, how to realize power savings when supporting different traffic patterns of multiple flows should be discussed.  
In one approach, where the UE may support multiple flows with different traffic patterns, it can be beneficial to support multiple active CDRX configurations corresponding to the different flows. For example, for a traffic flow with relatively low arrival rate and small payload sizes (e.g. audio data flow), a dedicated CDRX configuration with low periodicity and short ON duration can be applied instead of using a single CDRX configuration with high periodicity and long ON duration that is configured to support multiple traffic patterns. Essentially, by using multiple active CDRX configurations that match with the traffic patterns of different flows and can be flexibly activated/deactivated, it would be possible to realize both power savings gains and QoS requirements corresponding to the flows.    

Proposal 8:
Support multiple active CDRX configurations for handling multiple flows with different traffic patterns
In another approach, the UE can be configured with multiple CDRX configurations where the different configurations may use parameters (e.g. periodicity, ON duration, start offset) associated with the traffic patterns of the different flows. Note that different flows, in this case, can also correspond to different types of PDU sets (e.g. I-frames or P/B frames) with different traffic patterns. When receiving a DL data (e.g. PDU set carrying I-frame data) using an initial CDRX configuration, the application/high layers in UE may determine the traffic pattern for the next DL data (e.g. based on GOP structure and frame rate). This information can be used by the UE for identifying another preconfigured CDRX configuration that matches with the traffic pattern of the next DL data. For example, the UE can send a request indication (e.g. in UL MAC CE) to gNB on the identified CDRX configuration that can be used for receiving the next DL data. 

Proposal 9:
Support UE sending an indication to gNB (e.g. in UL MAC CE) to request activation of a preconfigured CDRX configuration (e.g. when detecting changes to XR traffic patterns)
Conclusion
In this contribution, the following observation was made: 
Observation 1:
XR traffic characteristics, which are defined by non-integer periodicity, jitter, variable data rates and multiple correlated flows, make it extremely challenging for achieving power savings with legacy semi-static power saving techniques
Based on the observation, the following conclusions were made:
Proposal 1:
Study how CDRX configurations/parameters can be configured for accommodating PDU set characteristics.
Proposal 2:
Study how CDRX configurations/parameters can be configured in the UE for meeting PDU set-level QoS (e.g. PSDB, PSER)
Proposal 3:
Support configuring multiple CDRX parameters (e.g. start offset values, ON duration values) in UE for handling certain adjustments to the CDRX configuration
Proposal 4:
Study mechanism for supporting dynamic indication (e.g. in DL MAC CE) to change the parameters of CDRX configuration
Proposal 5:
Support UE sending an indication to gNB (e.g. in UL MAC CE) to request for changing the parameters of CDRX configured in UE
Proposal 6:
Support configuring multiple CDRX configurations (e.g. with different parameters) in UE for handling different XR traffic patterns
Proposal 7:
Support mechanisms for dynamically activating/deactivating (e.g. via DL MAC CE) a preconfigured CDRX configuration
Proposal 8:
Support multiple active CDRX configurations for handling multiple flows with different traffic patterns
Proposal 9:
Support UE sending an indication to gNB (e.g. in UL MAC CE) to request activation of a preconfigured CDRX configuration (e.g. when detecting changes to XR traffic patterns)
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