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1. Introduction
[bookmark: Proposal_Pattern_Length]The following agreements were taken in RAN2#119-e meeting to enable XR specific power saving in RAN:
· RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.: 
· DRX enhancements to address the issues of DRX cycle mismatch and jitter
· Identify necessary parameters from CN for XR-awareness for power saving 
· RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).
This document discusses candidate RAN2 centric solutions specific to XR traffic that could help improving UE’s power consumption.
1. Discussion
Mismatch between C-DRX cycle and XR traffic periodicity
[bookmark: _Ref114784289]Non-uniform CDRX cycle pattern & Uniform non-integer CDRX cycle
RAN1 is discussing how possible values of some C-DRX configurations might not be optimum for given XR traffic characteristics. For example, typical XR frame rates are 60 and 120 frames per seconds (fps), which result in non-integer frame periodicities of 16.67ms and 8.33ms, respectively. Current values of the C-DRX cycle length which is defined in multiples of 1ms can therefore not align with XR traffic periodicity. Based on RAN1’s evaluation, RAN1 recommends that identifying a solution for misalignment between CDRX cycle and XR periodicity is beneficial. Therefore, in our understanding RAN2 should also discuss RAN2 centric solutions, and analyse the RAN2 impact (if any) of some solutions proposed in RAN1, e.g. use of non-integer (in ms) values of C-DRX cycle or to adapt C-DRX start offset etc. 
Proposal 1. [bookmark: _Toc115347987][bookmark: _Toc115348069][bookmark: _Toc115348096][bookmark: _Toc115358892][bookmark: _Toc115381544][bookmark: _Toc115382126][bookmark: _Toc115388075]RAN2 to study solutions to address non-uniform CDRX cycle pattern and uniform non-integer CDRX cycle considering e.g. non-integer values of C-DRX cycle length, C-DRX cycle start offset adjustments etc.

Dynamic switching between C-DRX configurations
XR data traffic might arrive in data bursts, i.e. XR traffic periodicity could be associated with the start of each data burst, but the periodicity of the actual data PDUs or PDU set sent within a given burst of data could be different. If so, it may be beneficial to enhance frequent changes of C-DRX configurations to better suit the current/ongoing XR traffic. On this topic, SA2 TR 23.700-60 explains both concepts i.e PDU set and data burst. In our view, the relation between XR traffic arrival rate, the XR data burst periodicity and the periodicity of XR data PDU/PDU set is not clear as we also explain in [1]. 
On the other hand, it is also important to consider that there can be different kinds of XR traffic streams  which may have different periodicities with different packet sizes and data rates as explained in [2]. Depending on the XR application, one or multiple streams may also generate XR traffic simultaneously. Therefore, it still seems helpful to study how to enable a mechanism that allows fast or dynamic switching between C-DRX configurations or at least provide switching for part of the parameters of the C-DRX configuration.  RAN2 could discuss how different C-DRX configurations or some of the parameters could efficiently use different values depending on the type of XR data stream (e.g video, audio) as well as its current/ongoing traffic characteristics. One solution may be for the gNB to provide the multiple C-DRX configurations (or only those parameters in the configuration which are different) in advance and later only send a fast indication (e.g. via L1 or MAC CE) to trigger the switch. 
Proposal 2. [bookmark: _Toc114577269][bookmark: _Toc114955504][bookmark: _Toc115033542][bookmark: _Toc115033587][bookmark: _Toc110890448][bookmark: _Toc110890449][bookmark: _Toc110890450][bookmark: _Toc110890451][bookmark: _Toc110890361][bookmark: _Toc110890452][bookmark: _Toc110890362][bookmark: _Toc110890453][bookmark: _Ref110509097][bookmark: _Toc110510380][bookmark: _Toc110510391][bookmark: _Toc110510414][bookmark: _Toc110538752][bookmark: _Toc110890363][bookmark: _Toc110890454][bookmark: _Toc110890945][bookmark: _Toc110891158][bookmark: _Toc110891494][bookmark: _Toc114577270][bookmark: _Toc114955505][bookmark: _Toc115033543][bookmark: _Toc115033588][bookmark: _Toc115347988][bookmark: _Toc115348070][bookmark: _Toc115348097][bookmark: _Toc115358893][bookmark: _Toc115381545][bookmark: _Toc115382127][bookmark: _Toc115388076]RAN2 to study how to enable a mechanism that allows dynamic switching between C-DRX configurations (or at least for part of the parameters of the C-DRX configuration).
Proposal 2.1. [bookmark: _Toc110538753][bookmark: _Toc110890364][bookmark: _Toc110890455][bookmark: _Toc110510381][bookmark: _Toc110510392][bookmark: _Toc110510415][bookmark: _Toc110890946][bookmark: _Toc110891159][bookmark: _Toc110891495][bookmark: _Toc114577271][bookmark: _Toc114955506][bookmark: _Toc115033544][bookmark: _Toc115033589][bookmark: _Toc115347989][bookmark: _Toc115348071][bookmark: _Toc115348098][bookmark: _Toc115358894][bookmark: _Toc115381546][bookmark: _Toc115382128][bookmark: _Toc115388077]If Proposal 2 is agreed, gNB can provide multiple C-DRX related configurations in advance, and later only provide a fast indication to trigger the switch in the UE. FFS which parameters of the C-DRX configuration could benefit from this mechanism.

SFN wrap around issue when peridicity of XR traffic and C-DRX are not divisor of 10.24 sec
In current specification TS 38.321, the drx-onDurationTimer is started for both short and long DRX cycles after drx-SlotOffset from the beginning of the subframe as follows
[bookmark: _Hlk114821635]For Short DRX cycle: [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)
For Long DRX cycle: [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset
[bookmark: _Hlk115291473]Here [(SFN × 10) + subframe number] is to determine the offset in time domain, where the longest time span for timing sychronization for CDRX without resetting to 0 is 10.24 sec based on the definitions of SFN and subframe, i.e  When C-DRX cycle is not a divisor of 10.24 sec, this SFN wrap around after every 10.24 sec can lead to a mismatch between the traffic arrival time and the on duration of the DRX. To solve this issue, it is necessary that the time offset of the ON duration is changed in every Hyper SFN (HSFN), i.e every 1.24 sec, in order to match the XR traffic pattern.
[bookmark: _Toc115347984][bookmark: _Toc115348064][bookmark: _Toc115358889][bookmark: _Toc115381541][bookmark: _Toc115382135][bookmark: _Toc115388072]When C-DRX cycle is not a divisor of 10.24 sec, this SFN wrap around after every 10.24 sec can lead to a mismatch between the traffic arrival time and the on duration of the DRX. To solve this issue, it is necessary that the time offset of the ON duration is changed every H-SFN to align with the XR traffic pattern.
An inter-related issue may arise when the network sends an RRC configuration for C-DRX at the boundary of the Hyper-SFN. The UE may receive the DRX configuration in the next hyper-frame resulting in a mismatch between the UE and the network regarding the timing of the C-DRX ON duration. 
[bookmark: _Toc115347985][bookmark: _Toc115348065][bookmark: _Toc115358890][bookmark: _Toc115381542][bookmark: _Toc115382136][bookmark: _Toc115388073]When C-DRX cycle is not a divisor of 10.24 sec, there is a potential mismatch between the UE and the network regarding the timing of the C-DRX ON duration when C-DRX configuration is provided close to the bounday of the Hyper-SFN.
[bookmark: _Toc114955499][bookmark: _Toc115033539]


The above issues were also discussed  in IIoT Rel 16 for type 1 CG periodicities which are non-integer divisor of 10.24 sec and were resolved as follows 
· [bookmark: _Hlk115292513]For the first issue, the lowest N value corresponding to the nearest available CG occasion was used, where N is incremented sequentially thereafter. 
· For the second issue a new timeReferenceSFN field was introduced in RRC, where RRC message uses the nearest SFN boundary based on the timeReferenceSFN
[bookmark: _Toc114955500][bookmark: _Toc115033540][bookmark: _Toc115347986][bookmark: _Toc115348066][bookmark: _Toc115358891][bookmark: _Toc115381543][bookmark: _Toc115382137][bookmark: _Toc115388074]The SFN wrap around issue and the HSFN boundary ambiguity issue for CDRX and XR traffic arrival time is similar to the related issues discussed for Type 1 configured grants in IIOT Release 16.
We suggest to follow the same approach as in IIOT for simplicity i.e. a new N value can be incorporated in the C-DRX calculation as well as drxReferenceSFN can be introduced in RRC. 
Proposal 3. [bookmark: _Ref115033132][bookmark: _Toc115033546][bookmark: _Toc115033591][bookmark: _Toc115347990][bookmark: _Toc115348072][bookmark: _Toc115348099][bookmark: _Toc115358895][bookmark: _Toc115381547][bookmark: _Toc115382129][bookmark: _Toc115388078]RAN2 to follow similar approach for SFN wrap around issue for CDRX as was used for Type 1 CGs in IIoT Rel 16. Stage-3 details can be discussed during the WI phase.

C-DRX enhancements to handle jitter
Different solutions are proposed by RAN1 and RAN2 on how to handle the jitter considering the ON duration configuration associated with a given C-DRX configuration. For example, UE may rely on the network to take jitter into account when configuring the desirable value of the ON duration, drx-SlotOffset , SPS/CG periodicity or even when triggering skip of PDCCH monitoring. For example, after start of ON duration, UE could sparsely monitor PDCCH and when PDCCH is detected, UE may switch to frequent PDCCH monitoring. To this end, RAN1 is also discussing the study of Rel-17 PDCCH monitoring adaptation solution to understand whether it can adequately handle jitter in XR traffic. 
Proposal 4. [bookmark: _Toc110890366][bookmark: _Toc110890457][bookmark: _Toc110890948][bookmark: _Toc110891161][bookmark: _Toc110891497][bookmark: _Toc114577273][bookmark: _Toc114955509][bookmark: _Toc115033548][bookmark: _Toc115033593][bookmark: _Toc115347991][bookmark: _Toc115348073][bookmark: _Toc115348100][bookmark: _Toc115358896][bookmark: _Toc115381548][bookmark: _Toc115382130][bookmark: _Toc115388079]Considering RAN1 ongoing evaluation, RAN2 asks in an LS to RAN1 whether adaptation of Rel-17 PDCCH monitoring solutions is sufficient to handle jitter associated with XR traffic.

Dynamic adjustment of UE’s active time
Our understanding is that Application (in UE and/or XR Server) would only be able to expose a maximum or at most a range of the expected jitter. If so, RAN would need to assume with the maximum possible value to account for the worst-case scenario. This might not be optimum from power saving point of view i.e. if this means that UE needs to be awake longer for PDCCH monitoring. 
We suggest for RAN2 to study new mechanisms that could mitigate this while allowing a dynamic adjustment of UE’s active time (e.g. ON duration) to better accommodate jitter associated with XR traffic. One solution may be for gNB to share the expected jitter to be considered in relation to UE’s configured ON duration. Another solution may be to efficiently allow changes to the ON duration and/or DRX offset values. If so, this may be based on the mechanism discussed in previous section.
Proposal 5. [bookmark: _Toc110538755][bookmark: _Ref110509124][bookmark: _Toc110510383][bookmark: _Toc110510394][bookmark: _Toc110510417][bookmark: _Toc110538756][bookmark: _Toc110890368][bookmark: _Toc110890459][bookmark: _Toc110890949][bookmark: _Toc110891162][bookmark: _Toc110891498][bookmark: _Toc114577274][bookmark: _Toc114955510][bookmark: _Toc115347992][bookmark: _Toc115348074][bookmark: _Toc115348101][bookmark: _Toc115358897][bookmark: _Toc115381549][bookmark: _Toc115382131][bookmark: _Toc115033549][bookmark: _Toc115033594][bookmark: _Toc115388080]To study how to enable a mechanism that allows dynamic adjustment of UE’s active time (e.g. ON duration) to better accommodate the jitter associated with XR traffic
Proposal 5.1. [bookmark: _Toc115347993][bookmark: _Toc115348075][bookmark: _Toc115348102][bookmark: _Toc115358898][bookmark: _Toc115381550][bookmark: _Toc115382132][bookmark: _Toc115388081]For this new mechanism of Proposal 5, the following candidate solutions can be further considered: (a) expected jitter information is available and used to adjust UE’s configured ON duration, and (b) the values of the ON duration and/or DRX offset can efficiently be changed e.g. via the new mechanism discussed in Proposal 2.

C-DRX enhancements for multiple XR traffic flows
This issue aims to enhance UE’s power saving operation when multiple XR traffic flows/streams with different requirements/characteristics (e.g. audio, video, pose or even I vs P frames) are simultaneously transmitted.
Simultaneous operation of multiple C-DRX configurations
An alternative is that gNB provides different C-DRX configurations (or part of the configurations) that could better suit the data characteristics for each ongoing XR traffic flow. We suggest for RAN2 to study new mechanisms that allow a UE to use multiple C-DRX configurations in order to better fit the current/ongoing XR data traffic. The operation of multiple C-DRX configurations at the same time might not be as complex considering that some parameters of the C-DRX configuration are fully independent of PDSCH/PUSCH scheduling e.g. the start of drx-onDurationTimer, drx-ShortCycle or drx-LongCycle. However, there are other C-DRX timers that are related to PDSCH/PUSCH scheduling: drx-InactivityTimer, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL. Therefore, for a given UE, PDCCH scheduling PDSCH and/or PUSCH can be used to differentiate the C-DRX configuration to be impacted (of the multiple configurations being used). RAN1 input/coordination would indeed be needed to determine how the PDCCH can be used to differentiate the C-DRX configuration being used. For example, multiple C-RNTIs may be used/configured for a given MAC entity, new DRX related field may be provided via the DCI, etc. 
Proposal 6. [bookmark: _Ref110510208][bookmark: _Toc110510420][bookmark: _Toc110538759][bookmark: _Toc110890371][bookmark: _Toc110890462][bookmark: _Toc110890952][bookmark: _Toc110891165][bookmark: _Toc110891501][bookmark: _Toc114577277][bookmark: _Toc114955513][bookmark: _Toc115033552][bookmark: _Toc115033597][bookmark: _Toc115347994][bookmark: _Toc115348076][bookmark: _Toc115348103][bookmark: _Toc115358899][bookmark: _Toc115381551][bookmark: _Toc115382133][bookmark: _Toc115388082]RAN2 to study how to enable a mechanism to allow simultaneous operation of multiple C-DRX configurations. 
Proposal 6.1. [bookmark: _Toc110510421][bookmark: _Toc110538760][bookmark: _Toc110890372][bookmark: _Toc110890463][bookmark: _Toc110890953][bookmark: _Toc110891166][bookmark: _Toc110891502][bookmark: _Toc114577278][bookmark: _Toc114955514][bookmark: _Toc115033553][bookmark: _Toc115033598][bookmark: _Toc115347995][bookmark: _Toc115348077][bookmark: _Toc115348104][bookmark: _Toc115358900][bookmark: _Toc115381552][bookmark: _Toc115382134][bookmark: _Toc115388083]The mechanism of Proposal 6 allows the UE to be configured with multiple DRX configurations in one DRX group of a MAC entity to be active simultaneously; i.e., one or multiple C-DRX timers (e.g. drx-InactivityTimer, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL) are configured independently per DRX configuration and are (re)started based on received PDCCH.






1. Conclusion
The observations captured are the following:
Observation 1.	When C-DRX cycle is not a divisor of 10.24 sec, this SFN wrap around after every 10.24 sec can lead to a mismatch between the traffic arrival time and the on duration of the DRX. To solve this issue, it is necessary that the time offset of the ON duration is changed every H-SFN to align with the XR traffic pattern.
Observation 2.	When C-DRX cycle is not a divisor of 10.24 sec, there is a potential mismatch between the UE and the network regarding the timing of the C-DRX ON duration when C-DRX configuration is provided close to the bounday of the Hyper-SFN.
Observation 3.	The SFN wrap around issue and the HSFN boundary ambiguity issue for CDRX and XR traffic arrival time is similar to the related issues discussed for Type 1 configured grants in IIOT Release 16.
The proposals captured are the following:
Proposal 1.	RAN2 to study solutions to address non-uniform CDRX cycle pattern and uniform non-integer CDRX cycle considering e.g. non-integer values of C-DRX cycle length, C-DRX cycle start offset adjustments etc.
Proposal 2.	RAN2 to study how to enable a mechanism that allows dynamic switching between C-DRX configurations (or at least for part of the parameters of the C-DRX configuration).
Proposal 2.1.	If Proposal 2 is agreed, gNB can provide multiple C-DRX related configurations in advance, and later only provide a fast indication to trigger the switch in the UE. FFS which parameters of the C-DRX configuration could benefit from this mechanism.
Proposal 3.	RAN2 to follow similar approach for SFN wrap around issue for CDRX as was used for Type 1 CGs in IIoT Rel 16. Stage-3 details can be discussed during the WI phase.
Proposal 4.	Considering RAN1 ongoing evaluation, RAN2 asks in an LS to RAN1 whether adaptation of Rel-17 PDCCH monitoring solutions is sufficient to handle jitter associated with XR traffic.
Proposal 5.	To study how to enable a mechanism that allows dynamic adjustment of UE’s active time (e.g. ON duration) to better accommodate the jitter associated with XR traffic
Proposal 5.1.	For this new mechanism of Proposal 5, the following candidate solutions can be further considered: (a) expected jitter information is available and used to adjust UE’s configured ON duration, and (b) the values of the ON duration and/or DRX offset can efficiently be changed e.g. via the new mechanism discussed in Proposal 2.
Proposal 6.	RAN2 to study how to enable a mechanism to allow simultaneous operation of multiple C-DRX configurations.
Proposal 6.1.	The mechanism of Proposal 6 allows the UE to be configured with multiple DRX configurations in one DRX group of a MAC entity to be active simultaneously; i.e., one or multiple C-DRX timers (e.g. drx-InactivityTimer, drx-RetransmissionTimerDL, and drx-RetransmissionTimerUL) are configured independently per DRX configuration and are (re)started based on received PDCCH.
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