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1. Introduction
[bookmark: Proposal_Pattern_Length]The following objective is included in Rel-18 WI to specify the enhancements related to power saving [1]:
DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
In addition, RAN2 also captured the following in TR 38.835:
Most XR frame rates (15, 30, 45, 60, 72, 90 and 120fps) correspond to periodicities which are not an integer (66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively). The corresponding support by DRX will be dealt with in a semi-static manner at least (e.g. via RRC signalling).
In addition, RRC pre-configuration and switching of configurations of DRX can be considered for enhancements of XR power saving.
This document discusses RAN foreseen impact for DRX to support XR frames considering the progress from SI phase.
1. Discussion
SFN wrap around
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
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  
Issue 1 – Traffic misalignment after SFN Wraparound
When C-DRX cycle is not a divisor of 10.24 sec (i.e. assuming that C-DRX cycle were to match the non-integer prioridicty of the XR traffic), 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 10.24 sec, in order to match the XR traffic pattern.
[image: ]
Figure 1: Mismatch between the traffic arrival time and the on duration of the DRX
[bookmark: _Toc115347984][bookmark: _Toc115348064][bookmark: _Toc115358889][bookmark: _Toc115381541][bookmark: _Toc115382135][bookmark: _Toc115388072][bookmark: _Toc118317092][bookmark: _Toc118367055][bookmark: _Toc118405013][bookmark: _Toc118405054][bookmark: _Toc127308064][bookmark: _Toc127366921][bookmark: _Toc127464389][bookmark: _Toc127464811]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.
Issue 2 – HSFN Boundary Ambiguity
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. 
[image: ]
Figure 2: HSFN boundary ambiguity issue
[bookmark: _Toc115347985][bookmark: _Toc115348065][bookmark: _Toc115358890][bookmark: _Toc115381542][bookmark: _Toc115382136][bookmark: _Toc115388073][bookmark: _Toc118317093][bookmark: _Toc118367056][bookmark: _Toc118405014][bookmark: _Toc118405055][bookmark: _Toc127308065][bookmark: _Toc127366922][bookmark: _Toc127464390][bookmark: _Toc127464812]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.
Solution Approach
In this section we discuss different possible solutions to resolve both issues 1 and 2.
Solution A: C-DRX specific modification period with DRX reference SFN
First solution direction is to use similar concept to the modification period in eDRX defined by SFN values for which (H-SFN * 1024 + SFN) mod m = 0, and m is the number of radio frames comprising the modification period [TS 38.331]. For this solution, a new C-DRX specific modification period / boundary is defined to reset of the timing synchronization for the C-DRX. The below formula has been proposed in RAN2 [R2-2210690]
Equation 1:  [(1024×m + SFN) × 10  + subframe number] modulo (drx-LongCycle) = drx-StartOffset 
Using the update to CDRX formula shown in equations 1 above, the timing sychronization for CDRX is maintained such that at SFN wraparound event, the DRX reference time reset to 0 is offset by 10240 ms. This repeats at every SFN wraparound event during the traffic duration, hence avoiding misalignment, as shown in Figure 3 below. The time for which the timing synchronization is postponed depends on the value of N in equation 1.
[image: ]
Figure 3: No traffic misalignment after SFN wraparound using updated CDRX formula
The formula in equation 1 above aims to resolve issue 1, i.e mis-alignment with XR traffic arrival at SFN wraparound. However, it does not consider the issue 2 regarding the timing of C-DRX ON duration which arises from UE receiving RRC configuration for C-DRX at H-SFN boundary. Therefore, an addition to cater for issue 2 is needed. Issue 2 regarding H-SFN boundary ambiguity for CDRX and XR traffic arrival time is similar to the related issues discussed for Type 1 configured grants in IIOT Release 16. In IIOT Rel 16, a new timeReferenceSFN field was introduced in RRC, where RRC message uses the nearest SFN boundary based on the timeReferenceSFN. Similarly for CDRX, we propose introducing drxReferenceSFN in RRC, which is reference SFN used for determination of the offset of a resource in time domain. The UE will use the closest SFN with the indicated number preceding the reception of the CDRX configuration. This is shown as the addition of the term drxReferenceSFN x 10 formula update in Equation 2a and 2b below, for short and long CDRX cycles respectively. 
Equation 2a: [([SFN + N x 1024]× 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset + drxReferenceSFN x 10) modulo (drx-ShortCycle)
Equation 2b: [([SFN + N x 1024] × 10) + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + drxReferenceSFN x 10) modulo (drx-LongCycle)
Figure 4 below shows how CDRX configuration is updated after receiving an RRC reconfiguration at the HSFN boundary using the updated DRX formulas in equation 2a without incurring loss/delay due to HSFN boundary ambiguity issue.
[image: ]
Figure 4: Issue 2 resolved using CDRX reference SFN in RRC
Solution B: Offset adjustment using RRC pre-configured pattern or dynamic signaling
Second solution direction is to have an RRC pre-configured pattern and dynamic adjustment for XR traffic alignment due to SFN wraparound, or to have L1/L2 signalling to adjust the offset value before or immediately after SFN wraparound. For this solution which relies on RRC reconfiguration, it may come into interruptions (of several milliseconds) whenever there is an RRC reconfiguration which could potentially cause delayed or lost data, both of which are undesirable for XR traffic with high reliability and low latency requirements.
Solution C: Based on Rel-16 IIoT solution for type 1 CG
[bookmark: _Hlk127312718]Third solution direction is to use an approach similar to IIoT Rel 16 for type 1 CG periodicities which are non-integer divisor of 10.24 sec and were resolved as follows 
1) [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. 
2) For the second issue a new timeReferenceSFN field was introduced in RRC, where RRC message uses the nearest SFN boundary based on the timeReferenceSFN. 
The below formula has been proposed in RAN2 [R2-2209516] to change the trigger of the ON duration start.
Equation 4a: [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (10240)
Equation 4b: [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240)
In the formula shown in Equation 4a and 4b, the idea for N is similar to Type 1 CG in IIoT R16, that is it represents the Nth CDRX short and long cycle, respectively. For CDRX cycle as non-integer divisor of 10.24sec, the lowest N value corresponding to the nearest CDRX cycle is used. Here drx-timeReferenceSFN is used to resolve HSFN boundary ambiguity issue similar to timerReferenceSFN in IIoT R16. The outcome is expected to be same as shown in Figures 3 and 4 above.
Proposal 1. [bookmark: _Ref115033132][bookmark: _Toc115033546][bookmark: _Toc115033591][bookmark: _Toc115347990][bookmark: _Toc115348072][bookmark: _Toc115348099][bookmark: _Toc115358895][bookmark: _Toc115381547][bookmark: _Toc115382129][bookmark: _Toc115388078][bookmark: _Toc118317100][bookmark: _Toc118317141][bookmark: _Toc118317152][bookmark: _Toc118317163][bookmark: _Toc118317296][bookmark: _Toc118317313][bookmark: _Toc118367070][bookmark: _Toc118367176][bookmark: _Toc118405020][bookmark: _Toc118405061][bookmark: _Toc127308068][bookmark: _Toc127366925][bookmark: _Toc127464392][bookmark: _Toc127464814]RAN2 agrees to update the CDRX formulas for both short and long CDRX cycles to resolve (i) traffic misalignment issue and (ii) HSFN boundary ambiguity issue related to SFN wraparound.
Proposal 2. [bookmark: _Toc127308069][bookmark: _Toc127366926][bookmark: _Toc127464393][bookmark: _Toc127464815]RAN2 to discuss which approach is used to update the CDRX formula update, (i) C-DRX specific modification period with DRX reference SFN, (ii) offset adjustment using RRC signaling/preconfiguration, (iii) based on Rel-16 IIoT solution for type 1 CG.
Semi-static mechanism to align C-DRX with XR traffic periodicity
From previous discussion, our understanding is that network could configure a UE with multiple C-DRX configurations in advance to be used by UE when applicable (i.e. UE is only allow to apply one C-DRX configuration at any given time). Depending on the kind of XR application, it might be helpful if one or other parameters of the C-DRX configuration are changed. Moreover, this mechanism can help addressing changes of the XR traffic behaviours considering also that a given XR application may have multiple XR traffic flows with different characteristics in parallel. From signaling perspective, it seems beneficial if network can provide those parameters that may take different value via the same RRCReconfiguration message.
Proposal 3. [bookmark: _Ref118307237][bookmark: _Toc118317095][bookmark: _Toc118317136][bookmark: _Toc118317147][bookmark: _Toc118317158][bookmark: _Toc118317292][bookmark: _Toc118317309][bookmark: _Toc118367066][bookmark: _Toc118367172][bookmark: _Toc118405016][bookmark: _Toc118405057][bookmark: _Toc127277673][bookmark: _Toc127308070][bookmark: _Toc127366927][bookmark: _Toc127464394][bookmark: _Toc127464816][bookmark: _Toc118317096][bookmark: _Toc118317137][bookmark: _Toc118317148][bookmark: _Toc118317159][bookmark: _Toc118317293][bookmark: _Toc118317310][bookmark: _Toc118367067][bookmark: _Toc118367173][bookmark: _Toc118405017][bookmark: _Toc118405058]RRCReconfiguration message is update for gNB to configure a UE with more than one C-DRX configurations at once although the UE only applies one C-DRX configuration at any given time. 
[bookmark: _Toc127277670][bookmark: _Toc127308066][bookmark: _Toc127366923][bookmark: _Toc127464391][bookmark: _Toc127464813]The new signaling that provides the multiple C-DRX configurations to UE should avoid unnecessary signalling overhead (e.g., by only sending the configuration associated with those parameters that are different).
After the UE is pre-configured with multiple C-DRX configurations, the open question is how UE and network switches on their usage. A mechanism that allows efficient switching between C-DRX configurations or at least provides switching for part of the parameters of the C-DRX configuration seems desirable. Two approaches are possible:
Approach 1) Pre-configured patterns or behaviours are used by UE and network to switch between those pre-configured C-DRX configurations.
Approach 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] The gNB provides a trigger indication to switch between those pre-configurations. For example, a fast indication (e.g. via L1 or MAC CE) could be used by gNB to trigger the switch. 
There are two possible ways forward to implement Approach 1). Either UE follows a hardcoded switching pattern through pre-configuration, which could be restrictive, or some signalling from the UE can be used by the network to predict UE behavior and perform the switch. Overall, it seems approach 1) may be either restrictive or entail signalling overhead or potential complexity to guarantee that UE and network are aligned on when to switch. Approach 2) in this case seems to be more straightforward, i.e., to use L1/L2 signalling or MAC CE to trigger switching between CDRX configurations.
Proposal 4. [bookmark: _Toc118367068][bookmark: _Toc118367174][bookmark: _Toc118317294][bookmark: _Toc118317311][bookmark: _Toc118405018][bookmark: _Toc118405059][bookmark: _Toc127277674][bookmark: _Toc127308071][bookmark: _Toc127366928][bookmark: _Toc127464395][bookmark: _Toc127464817]The gNB provides a fast-signalling indication (via L1/L2 or MAC CE) to UE in order to indicate when to start applying a different C-DRX pre-configuration (i.e. a different C-DRX parameters previously configured).
[bookmark: _Toc465993148][bookmark: _Toc465993084]








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 new signaling that provides the multiple C-DRX configurations to UE should avoid unnecessary signalling overhead (e.g., by only sending the configuration associated with those parameters that are different).
The proposals captured are the following:
Proposal 1.	RAN2 agrees to update the CDRX formulas for both short and long CDRX cycles to resolve (i) traffic misalignment issue and (ii) HSFN boundary ambiguity issue related to SFN wraparound.
Proposal 2.	RAN2 to discuss which approach is used to update the CDRX formula update, (i) C-DRX specific modification period with DRX reference SFN, (ii) offset adjustment using RRC signaling/preconfiguration, (iii) based on Rel-16 IIoT solution for type 1 CG.
Proposal 3.	RRCReconfiguration message is update for gNB to configure a UE with more than one C-DRX configurations at once although the UE only applies one C-DRX configuration at any given time.
Proposal 4.	The gNB provides a fast-signalling indication (via L1/L2 or MAC CE) to UE in order to indicate when to start applying a different C-DRX pre-configuration (i.e. a different C-DRX parameters previously configured).
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