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1. [bookmark: _Ref130481469]Introduction
[bookmark: Proposal_Pattern_Length]This document aims to provide a summary of solutions proposed in previous RAN2·meetings considering [1]-[24] to provide DRX support of XR frame rates corresponding to non-integer and non-uniform periodicities.
1. Discussion
The periodicity of XR traffic arrival could be non-integer (rational) as explained 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). 
Considering the periodicity of XR traffic, RAN2 is discussing how to solve associated issues: (1) misalignment of the DRX and XR traffic periodicities and (2) SFN wraparound issue when the periodicity is not a divisor of 10.24 s. Before discussing the proposed solutions, we suggest confirming the target scenarios.
[bookmark: _Toc131412480][bookmark: _Toc131434406][bookmark: _Toc131434443][bookmark: _Toc131435241][bookmark: _Toc131451350][bookmark: _Toc131451375][bookmark: _Toc131714891]Rel-18 mechanism defined for DRX to support XR frame rates should address the following issues: Issue (1) Mismatch between DRX and XR periodicities and Issue (2) SFN wraparound when the periodicity is not a divisor of 10.24 s. 
Misalingment of DRX and XR traffic periodicites
Switch of pre-configured DRX parameters (or configurations)
To address the Issue (1) on mismatch between DRX and XR periodicities, companies’ solutions address two kinds of scenarios: scenario (1) XR traffic of a single stream with non-integer periodicity and/or scenario (2) XR traffic with non-uniform periodicities in the context of multi-modality (i.e. different kind of traffic streams with deterministic characteristics belonging to the same XR application, e.g., audio, video). All companies seem to propose solutions for issues associated with scenario (1), while only a sub-set of the companies proposed solutions that target both scenarios (1) and (2). The scenario (2) was discussed during study phase and was not explicitly excluded or precluded by RAN2. In our understanding, the agreed WI objective (i.e., “DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling)” could still target both scenarios if a ”semi-static” operation is adopted; however, we wonder whether some companies may have different understanding, i.e. to target only scenario (1). 
[bookmark: _Toc131412481][bookmark: _Toc131434407][bookmark: _Toc131434444][bookmark: _Toc131435242][bookmark: _Toc131451351][bookmark: _Toc131451376][bookmark: _Toc131714892]For Issue (1) Mismatch between DRX and XR periodicities, companies’ solutions address two kind of scenarios: scenario 1) XR traffic of a single stream with non-integer periodicity and/or, scenario 2) XR traffic with non-uniform periodicities in the context of multi-modality (i.e. different kind of traffic streams with deterministic characteristics belonging to the same XR application, e.g., audio, video). 
Majority of the proposed solutions assume that UE has multiple DRX parameters (or configurations) provided in advance (i.e. pre-configured by network) as it was agreed by RAN2 during the study phase.
At least RRC pre-configuration and switching of configurations of DRX could be considered for enhancements of XR power saving. Other solutions are not precluded and can be further discussed.
[bookmark: _Toc131412482][bookmark: _Toc131434408][bookmark: _Toc131434445][bookmark: _Toc131435243][bookmark: _Toc131451352][bookmark: _Toc131451377][bookmark: _Toc131714893]For Issue (1) Mismatch between DRX and XR periodicities, proposed solutions assume that UE has multiple DRX parameters (or configurations) provided in advance (i.e. pre-configured by network) as RAN2 agreed during the study phase. 
The initial open question is how UE switches between such pre-configured DRX parameters or configurations. In high level, two approaches are assumed:
· UE triggered approach. UE autonomously triggers when to switch to a different preconfigured DRX parameter or configuration following an “operation” defined in specification [1][2][5][8][10][14][15][16][17][19][24]. The actual details on which operation is enabled depends on the proposed solution (which is further discussed in next sub-sections). This approach mainly addresses scenario (1) and in “some cases” scenario (2), i.e., when the combined periodicity of the different XR traffic streams have similar behaviour to target one stream of scenario (1).
· Network triggered approach. Network indicates to UE when to switch to a different preconfigured DRX parameter or configuration [6][9][11][12][13][14][15]. This option (2) is proposed to potentially address both scenarios (1) and (2) explained above. .
There seems to be more support not to use any signaling from network when having to change the pre-configured parameter of the DRX configuration (or the pre-configured DRX configuration) but we suggest RAN2 to discuss this considering the two potential target scenarios previously explained. 
[bookmark: _Toc131075739][bookmark: _Toc131076268][bookmark: _Toc131286196][bookmark: _Ref131411955][bookmark: _Toc131412467][bookmark: _Toc131434409][bookmark: _Toc131434446][bookmark: _Toc131435244][bookmark: _Toc131451353][bookmark: _Toc131451378][bookmark: _Toc131714894][bookmark: _Toc130932007][bookmark: _Toc130932122][bookmark: _Ref131062633]To address the mismatch of DRX and XR traffic arrival (considering e.g. changes of XR traffic patterns), the desirable solution could allow the network to provide an indication to the UE when having to switch (or change) to different pre-configured value of specific DRX parameter (or other DRX configuration). 
Next sections describe proposed solutions (including a categorization to help when providing an overview summary) that rely on UE trigger approach to change the DRX parameter or configuration. Afterwards an analysis of the foreseen specification impacts is done for all proposed solutions (including both UE trigger and NW trigger approaches). 
Option (1) DRX start offset related change
This option (1) includes solutions that propose to change or shift the start offset of the DRX considering XR traffic, i.e. a single DRX cycle is associated with multiple/different start offsets [1][2][5][8][10][15][16][19][20]. DRX configuration can have non-uniform DRX start offsets across each DRX cycle, i.e. UE is configured with an integer DRX cycle which is closest to the periodicity of XR traffic, and a pattern of DRX start offsets which matches/aligns the start time of ON durations with the start of each XR data burst, for example: drx-ShortCycle = 16 ms with drx-StartOffset = [0ms, 16ms, 17ms], resulting in a non-uniform CDRX cycle pattern of {16ms, 16ms, 17ms}. 
Example of the corresponding TP is  shown below [1]:
***  Example TP to 38.331 - START ***
DRX-ConfigExt-v1800 ::=					SEQUENCE {
	drx-StartOffsetList-r18     drx-StartOffsetList-r18															OPTIONAL	-- Need R
}
drx-StartOffsetList-r18 ::=
			SEQUENCE (SIZE (1..maxNrofDrxStartOffset)) OF drx-StartOffset
…
drx-StartOffsetList
Indicates a list of one or more drx-StartOffset(s). If this field is present, the field drx-StartOffset and the DRX start offset configured in drx-LongCycleStartOffset shall be ignored.
**** Example TP to 38.331 - END ***
**** Example TP to 38.321 - START ***
drx-StartOffsetList (optional): the multiple drx-StartOffsets which define the subframes where the multiple DRX cycles start;
…
For each drx-StartOffset configured within the list drx-StartOffsetList (if configured) or configured by drx-SrartOffset or drx-LongCycleStartOffset:
1>	if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1> if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
…
*** Example TP to 38.321 - END ***
Example with a new time offset is used to shift the start offset of the DRX after a given number of DRX cycles [19]:
***** Example TP to 38.321 - START *****
· traffic_time_offset: indicates a fixed time shift for the start of drx-onDurationTimer;
· drx_offset: a number of cycles after which the new shift traffic_time_offset should be added
…
1> if the Long DRX cycle is used for a DRX group, and [SFN × 10 + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + n × traffic_time_offset) modulo (drx-LongCycle)
***** Example TP to 38.321 - START *****
Option (2) DRX cycle related change
This option (2) refers to support two levels of DRX cycle [5][7][9][13][14][15][16][17][20][24]. For example, assume XR frame rate with 60 FPS, configuring an outer DRX cycle length with 50ms, a DRX start offset and 3 inner cycles {17ms,17ms, 16ms} within the outer DRX cycle [14]. This option could imply support of multiple values for the DRX cycle associated with one DRX configuration [7] or single DRX cycle with multiple ON durations [5].
In [17], the concept of “Super cycle + Short cycle” is used to limit the calculation of OnDurationTimer starting time within new cycle (e.g., SuperCycle), as shown in below figure. A similar kind of operation is also referred to as multiple DRX sub cycles within a DRX cycle in [14] or as multiple DRX cycles used in a round in [16]. 
[image: ]
***** Example TP to 38.321 - START *****
1>	if the Short DRX cycle is used for a DRX group, and{ [(SFN × 10) + subframe number] modulo (SuperCycle) }modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
2> start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
***** Example TP to 38.321 - END *****
Another example of the corresponding TP is shown below [14]:
***** Example TP to 38.331 - START *****
DRX-ConfigExt-v1800 ::=					SEQUENXE {
	drx-SubCycleList-r18          Drx-SubCycleList-r18				OPTIONAL	-- Need R
}
Drx-SubCycleList-r18	::=	  SEQUENCE (SIZE (1..maxNrofDrxSubCycle)) OF Drx-SubCycle-r18
Drx-SubCycle-r18	::= INTEGER (0..34)
…
drx-SubCycleList
Indicates a list of one or more drx-SubCycle(s) in order within the Short DRX cycle or Long DRX cycle. The value of the drx-SubCycle in ms.
***** Example TP to 38.331 - END *****
***** Example TP to 38.321 - START *****
drx-SubCycleList(optional): the multiple DRX sub cycles in order within the Short DRX cycle or Long DRX cycle;
…
1>	if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1> if the drx-SubCycleList and the Short DRX cycle is used for a DRX group, except the first DRX sub cycle of the first Short DRX cycle, the beginning subframe of each DRX sub cycle follows the end of the previous DRX Sub cycle:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
***** Example TP to 38.321 - END *****
Option (3) Non-integer (i.e. rational) values of XR traffic periodicity
This option (3) suggests the usage of new non-integer DRX periodicity values to better align with XR traffic periodicities with rational values (e.g. 50/3 msec for 60 frames per sec, 100/9 msec for 90 frames per sec, etc) [2][3][4][6][7][12][14][18][24]. These new non-integer values would be added for both short and long DRX cycles. To support such non-integer periodicities (rational numbers), however, the legacy DRX formulas need to be updated, e.g., to include the floor operation. It is also explained in some of above referenced TDoc how the direct application of modulo operation on rational numbers can result in rounding errors and that there exists methods to implement the operation without any rounding errors, for example, A modulo B can be implemented as A – [ B × floor (A / B) ] . 
Option (3.1) An equivalent equation for DRX formula is creating by using the floor operation [2][3][18]. 
An example of the corresponding TP is shown below [3]:
***** Example TP to 38.321 - START *****
floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset		
	where n = [(SFN × 10) + subframe number]
…
floor [n – [drx-ShortCycle × floor (n / drx-ShortCycle) ] ] = 
floor [drx-StartOffset – [drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle) ] ]
	where n = [(SFN × 10) + subframe number]
***** Example TP to 38.321 - START *****
Example of the corresponding TP is shown below [2][1]:
***** Example TP to 38.321 - START *****
1>	if the Short DRX cycle is used for a DRX group, and floor{[(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor{(drx-StartOffset) modulo (drx-ShortCycle)}:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
***** Example TP to 38.321 - END *****
Option (3.2) New DRX parameter is defined to indicate the frames per second, fps (or cadence) rather than the periodicity to calculate the start offset of the DRX [2][4]. 
Example of the corresponding TP is shown below [4]:
***** Example TP to 38.321 - START *****
floor{M – floor(M/1000*drx_fps) * 1000/drx_fps}= drx-StartOffset
where M = (SFN × 10) + subframe number, and drx_fps is configured according to the FPS of XR traffic by network.
***** Example TP to 38.321 - END *****
Option (4) Finer granularity of integer values for the DRX cycle
The usage of finer granularity of integer values for the DRX cycle is provided by [7][19][22].
Option (4.1) Define new values in milliseconds e.g. most common XR related new values {33, 34, 16, 17, 8, 9} msec [7], or with 1ms granularity [7] [19] e.g. {8, 9, 11, …, 13…, 16, 22, …33, …, 66} ms [19].
Option (4.2) Define new values in number of slot (instead of number of ms) [22] considering the multiple numerologies supported by NR, as shown in the figure below [22].


Forseen impacts of possible options for issue (1)
The following table summarizes whether the option of solutions can address by itself the mismatch issue between DRX and XR traffic periodicities, and the foreseen impacts to the configuration and the DRX calculation.
	Option of solutions
	Impact to configuration
	Impact to DRX calculation

	(0) NW triggers switch btwn pre-configured DRX parameter(s)
	
	- New signaling to trigger the switch btwn pre-configured information (via L1, and/or MAC CE)

	(1) DRX start offset related change
	- New value(s) for the start offset associated with a DRX config
- New frequency when to use a different start offset value
	- Update required to select applicable value(s) of the start offset

	(2) DRX cycle related change
	- New value(s) for the DRX cycle
- New frequency when to use a different DRX cycle value 
	- Update required to select applicable value of the DRX cycle

	(3.1) Non-integer DRX cycle w/ floor operation
	- New DRX cycle parameter with non-integer values
	- Update formula to use floor operation when/how applicable

	(3.2) Non-integer via cadence (fps) instead ms
	- New DRX parameter with cadence periodicity based on fps
	- New formula based on cadence in fps

	(4.1) Finer granularity in millisecond  (*)
	- New values of DRX cycle (in ms)
	- None

	(4.2) Finer granularity in number of slot (*)
	- New DRX parameter with the DRX cycle in number of slots
	- New formula based on number of slots for the DRX cycle (instead of msec)


(*) These solutions might require working in conjunction with any of the other solutions discussed here in order to fully address the issue under discussion .
All options above are feasible with some implications, considerations and with different levels of specification impact. Option (0) is the most flexible to accommodate any kind of XR traffic belonging to one or multiple kind of streams, however it would require additional L1 (or L2) signaling for every switch of the configuration. Options (1) to (4) mainly target XR traffic scenarios for single stream (or multiple ones with similar periodicity behaviour) while does not require any network signaling to be performed. Options (1) and (2) require the network to predict the exact change of the DRX configuration in advance based on the XR traffic behaviour. Option (3) suggests using the actual XR traffic cadence/periodicity which might be more generic approach than (1) and (2) but it would require to specify a new definition of the DRX formula (in relation to the XR traffic pattern) and subsequent new un-expected issues that may come out of them (e.g., synchronization or rounding). Option (4) seems to be helpful but might not have the exact required granularity and might also need to work in conjunction with other options here discussed. Considering these points and companies’ support, we understand that RAN2 should try to do a down-selection. On one hand, option (0) via L1 seem helpful without as much signaling overhead impact when network wants a little more flexibility when handling multiple or changes to XR traffic patterns. In addition, option (1) seems to provide enough network flexibility to accommodate the DRX to XR traffic periodic behaviour without having to change the way DRX is currently defined. Moreover, option (1) allows keeping the principle that DRX is configured independently of one specific service.
[bookmark: _Toc131412483][bookmark: _Toc131434410][bookmark: _Toc131434447][bookmark: _Toc131435245][bookmark: _Toc131412484][bookmark: _Toc131434411][bookmark: _Toc131434448][bookmark: _Toc131435246][bookmark: _Toc131451354][bookmark: _Toc131451379][bookmark: _Toc131714895]While all proposed options to address issue (1) on the mismatch between DRX and XR periodicities seems technically feasible, the open question is the implication, applicability and corresponding specification impacts foreseen. 
Proposal on possible options for issue (1)
Considering the information summarized above the following options could be discussed:
[bookmark: _Toc130932008][bookmark: _Toc130932123][bookmark: _Toc131075740][bookmark: _Toc131076269][bookmark: _Toc131286197][bookmark: _Ref131411964][bookmark: _Toc131412468][bookmark: _Toc131434412][bookmark: _Toc131434449][bookmark: _Toc131435247][bookmark: _Toc131451355][bookmark: _Toc131451380][bookmark: _Toc131714896]The following summarize the different options of solutions proposed by companies to address the Misalignment of DRX and XR traffic for XR traffic with non-integer periodicities:
· [bookmark: _Toc131075741][bookmark: _Toc131076270][bookmark: _Toc131286198][bookmark: _Toc131412469][bookmark: _Toc131434413][bookmark: _Toc131434450][bookmark: _Toc131435248][bookmark: _Toc131451356][bookmark: _Toc131451381][bookmark: _Toc131714897][bookmark: _Toc130932009][bookmark: _Toc130932124][bookmark: _Toc131075742][bookmark: _Toc131076271]Option (0), NW triggers switch between pre-configured DRX parameter(s). This option (0) can be defined via L1 and/or MAC CE.
· [bookmark: _Toc131075743][bookmark: _Toc131076272][bookmark: _Toc131286199][bookmark: _Toc131412470][bookmark: _Toc131434414][bookmark: _Toc131434451][bookmark: _Toc131435249][bookmark: _Toc131451357][bookmark: _Toc131451382][bookmark: _Toc131714898][bookmark: _Toc130932010][bookmark: _Toc130932125][bookmark: _Toc131075744][bookmark: _Toc131076273]Option (1) DRX start offset related change. For option (1), the DRX start offset can be provided via a a list of possible offset values or an offset with a frequency to be applied.
· [bookmark: _Toc130932011][bookmark: _Toc130932126][bookmark: _Toc131075745][bookmark: _Toc131076274][bookmark: _Toc131286200][bookmark: _Toc131412471][bookmark: _Toc131434415][bookmark: _Toc131434452][bookmark: _Toc131435250][bookmark: _Toc131451358][bookmark: _Toc131451383][bookmark: _Toc131714899][bookmark: _Toc130932012][bookmark: _Toc130932127][bookmark: _Toc131075746][bookmark: _Toc131076275]Option (2) DRX cycle related change (also referred to as “super cycle & short cycle” or “Two stage DRX”). For option (2), whether/how network configures a super cycle (or outer cycle) and short cycle (or inner cycle) would need to be addressed.
· [bookmark: _Toc130932013][bookmark: _Toc130932128][bookmark: _Toc131075747][bookmark: _Toc131076276][bookmark: _Toc131286201][bookmark: _Toc131412472][bookmark: _Toc131434416][bookmark: _Toc131434453][bookmark: _Toc131435251][bookmark: _Toc131451359][bookmark: _Toc131451384][bookmark: _Toc131714900][bookmark: _Toc130932014][bookmark: _Toc130932129][bookmark: _Toc131075748][bookmark: _Toc131076277]Option (3) Non-integer XR traffic periodicity is supported. For option (3.1), new non-integer values of DRX cycle would need to be defined and floor operation to be incorporated in DRX calculation (instead or in addition to modulo), and for option (3.2), cadence in fps would need to be used (instead of a DRX cycle in ms), i.e. a new formula would need to be defined.
· [bookmark: _Toc130932016][bookmark: _Toc130932130][bookmark: _Toc131075749][bookmark: _Toc131076278][bookmark: _Toc131286202][bookmark: _Toc131412473][bookmark: _Toc131434417][bookmark: _Toc131434454][bookmark: _Toc131435252][bookmark: _Toc131451360][bookmark: _Toc131451385][bookmark: _Toc131714901][bookmark: _Toc130932017][bookmark: _Toc130932131][bookmark: _Toc131075750][bookmark: _Toc131076279]Option (4) Finer granularity of integer values for the DRX cycle is defined. For option (4), new values would need to be defined as option (4.1) in milliseconds (e.g., 1 msec granularity or the most common XR related periodicities e.g., 33, 34, 16, 17, 8, 9 ms) or as option (4.2) in number of slots (instead of number of ms).
Proposal 1. [bookmark: _Toc131286203][bookmark: _Toc131412474][bookmark: _Toc131435257][bookmark: _Toc131451365][bookmark: _Toc131451390][bookmark: _Toc131714889]To address the mismatch between DRX and XR periodicities, it is proposed to adopt option (0) for network indicate the switch between pre-configured DRX parameter(s) via L1, and option (1) in which network to pre-configure multiple DRX start offset values (i.e. a list of values).

SFN wrap around
The concerns associated with issue (2) SFN wraparound, when DRX cycle is not a divisor of 10.24 sec, could happen under two scenarios (2.1) after SFN wrap around due to the mismatch between the XR traffic arrival time and the ON duration of the DRX and scenario (2.2) when UE is reconfigured close to the boundary of the Hyper-SFN which could result in ON-duration timing mismatch between UE and network.
SFN wrap arround -  XR and DRX mismatch 
The following options are explained to address the concerns associated with issue (2.1) SFN wraparound, when DRX cycle is not a divisor of 10.24 sec, that could happen after SFN wrap around due to the mismatch between the XR traffic arrival time and the ON duration of the DRX.
Option (A) [bookmark: _Hlk130302090][bookmark: _Hlk130250633]Incorporate a counter that increment with every SFN wrap around
Option (B) Incorporate a counter that increments with every DRX cycle 
Option (A) Counter which increment at every SFN wrap around
For this option (A), a new parameter is defined which increments with every SFN wrap around (based on H-SFN, E-SFN or a generic counter) [2][4][11][12][13][17][18][19]. NOTE: The update of the corresponding formula will also depend on how the formula of the start offset of the DRX is updated in previous section 2.1.
Example of the corresponding TP is shown below [19]:
***** Example TP to 38.321 - START *****
1> if SFN=0,  
2> m = m+1
1> if the Long DRX cycle is used for a DRX group, and [(1024×m + SFN) × 10 + subframe number] modulo (drx-LongCycle) = drx-StartOffset
***** Example TP to 38.321 - END *****
Using the update to DRX formula shown in TP above, the timing synchronization for DRX is maintained. For this option (A), other companies suggest enabling it by adding H-SFN when calculating the start offset of the DRX [4]. Similar concept is also referred by other companies as a new SFN (E-SFN) with max value of 9 is defined and incorporated on DRX formulas which meets that  0 ≤ [(E-SFN × 10240) + (SFN × 10) + subframe number] < 102400 [12][18].
[image: ]
Figure on E-SFN wraparound with the updated C-DRX formulas  (E-SFN with max value 9) [18]
Another proposed way to enable this option (A) is by introducing a new state variable to replace/extend SFN in a UE, which increments/updates when number of SFN reaches a configurable/specific value [2][17]. For example, SFN in the current DRX formula is replaced by a new state variable, SFN_M which is updated by SFN_M = (SFN_M + 1) mod M whenever SFN changes [2]. M is typically configured with a value of 1,000 for XR applications. If SFN_M is configured, the formula for the start time of DRX on duration uses SFN_M instead of SFN. Since SFN_M and subframe number have the range of 0~999 frames and 0~9 subframes respectively, the new DRX reference time of [(SFN_M × 10) + subframe number] is repeated every 10,000ms. That ensures boundaries at which SFN_M wraps around would be always aligned with boundaries of XR’s traffic cycles and no partial frame would cross the boundaries of SFN_M.
Option (B) Counter of DRX cycles 
This option (B) suggests the usage of similar approach as for Rel-16 IIoT solution for type 1 CG which means introducing a counter of DRX cycle for the formula calculating ON duration [1][2][6][14][17]. 
In the example of the corresponding TP from [1] shown below, N represents the Nth CDRX cycle. For CDRX cycle as non-integer divisor of 10.24sec, the lowest N value corresponding to the nearest CDRX cycle is used. 
***** Example TP to 38.321 - START *****
…
1>	if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX short cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (10240):
…
1>	if the Long DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX long cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240):
***** Example TP to 38.321 - END *****
SFN wrap arround -  Boundary of H-SFN
An additional solution is explained to address the concerns associated with issue (2.2) SFN wraparound, when DRX cycle is not a divisor of 10.24 sec, that could happen when UE is reconfigured close to the boundary of the Hyper-SFN which could result in ON-duration timing mismatch between UE and network. To address this issue, an explicit SFN reference can be used. I.e., a DRX reference time is configured/used in DRX formula (following similar approach as for Rel-16 IIoT solution defined for CG type 1).
Explicit DRX Reference SFN 
[bookmark: _Hlk130913768]This suggests the usage of a reference SFN indicator in RRC, 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. [1][6][12][14][17]. 
This reference SFN indicator is shown as the addition of the term drx-timeReferenceSFN × 10.
Example of the corresponding TP is shown below [6]:
***** Example TP to 38.321 - START *****
[([SFN + N x 1024]× 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset + drxReferenceSFN x 10) modulo (drx-ShortCycle)
…
[([SFN + N x 1024] × 10) + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + drxReferenceSFN x 10) modulo (drx-LongCycle)
***** Example TP to 38.321 - END *****
Example of the TP shown below [1][6]:
***** Example TP to 38.321 - START *****
drx-timeReferenceSFN (optional): SFN used for determination of the DRX cycle in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration.
…
1>	if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX short cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (10240):
…
1>	if the Long DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX long cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240):
***** Example TP to 38.321 - END *****
We understand that this second issue could be resolved by network if it avoids sending the reconfiguration close to the H-SFN boundary. On other hand, other features are addressing this kind of concern (e.g. IIoT or even MBS in a slightly different context when PDCH SN wraparound). Therefore, we have a slight preference for RAN2 to address this issue.
Proposal on possible options for issue (2)
Considering the information summarized above the following options could be discussed:
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· [bookmark: _Toc130932020][bookmark: _Toc130932134][bookmark: _Toc131075753][bookmark: _Toc131076282][bookmark: _Toc131286206][bookmark: _Toc131412477][bookmark: _Toc131435255][bookmark: _Toc131451363][bookmark: _Toc131451388][bookmark: _Toc131714904]Option (B). Incorporate a counter that represents the Nth CDRX cycle following similar approach as for Rel-16 IIoT solution for type 1 CG.
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Proposal 2. [bookmark: _Toc131412479][bookmark: _Toc131435258][bookmark: _Toc131451366][bookmark: _Toc131451391][bookmark: _Toc131714890]To address SFN wrap around, it is proposed to adopt option (A) a counter in DRX formula that increments at every SFN wrap around (based on H-SFN, E-SFN or a generic counter) and an explicit DRX reference SFN.
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The observations captured are the following:
Observation 1.	Rel-18 mechanism defined for DRX to support XR frame rates should address the following issues: Issue (1) Mismatch between DRX and XR periodicities and Issue (2) SFN wraparound when the periodicity is not a divisor of 10.24 s.
Observation 2.	For Issue (1) Mismatch between DRX and XR periodicities, companies’ solutions address two kind of scenarios: scenario 1) XR traffic of a single stream with non-integer periodicity and/or, scenario 2) XR traffic with non-uniform periodicities in the context of multi-modality (i.e. different kind of traffic streams with deterministic characteristics belonging to the same XR application, e.g., audio, video).
Observation 3.	For Issue (1) Mismatch between DRX and XR periodicities, proposed solutions assume that UE has multiple DRX parameters (or configurations) provided in advance (i.e. pre-configured by network) as RAN2 agreed during the study phase.
Observation 4.	To address the mismatch of DRX and XR traffic arrival (considering e.g. changes of XR traffic patterns), the desirable solution could allow the network to provide an indication to the UE when having to switch (or change) to different pre-configured value of specific DRX parameter (or other DRX configuration).
Observation 5.	While all proposed options to address issue (1) on the mismatch between DRX and XR periodicities seems technically feasible, the open question is the implication, applicability and corresponding specification impacts foreseen.
Observation 6.	The following summarize the different options of solutions proposed by companies to address the Misalignment of DRX and XR traffic for XR traffic with non-integer periodicities:
	Option (0), NW triggers switch between pre-configured DRX parameter(s). This option (0) can be defined via L1 and/or MAC CE.
	Option (1) DRX start offset related change. For option (1), the DRX start offset can be provided via a a list of possible offset values or an offset with a frequency to be applied.
	Option (2) DRX cycle related change (also referred to as “super cycle & short cycle” or “Two stage DRX”). For option (2), whether/how network configures a super cycle (or outer cycle) and short cycle (or inner cycle) would need to be addressed.
	Option (3) Non-integer XR traffic periodicity is supported. For option (3.1), new non-integer values of DRX cycle would need to be defined and floor operation to be incorporated in DRX calculation (instead or in addition to modulo), and for option (3.2), cadence in fps would need to be used (instead of a DRX cycle in ms), i.e. a new formula would need to be defined.
	Option (4) Finer granularity of integer values for the DRX cycle is defined. For option (4), new values would need to be defined as option (4.1) in milliseconds (e.g., 1 msec granularity or the most common XR related periodicities e.g., 33, 34, 16, 17, 8, 9 ms) or as option (4.2) in number of slots (instead of number of ms).
Observation 7.	The following options summarize the proposed solutions addressing the issue of mismatch between the XR traffic arrival time and the ON duration of the DRX at SFN wraparound when DRX cycle is not a divisor of 10.24:
	Option (A). Incorporate a counter in DRX formula that increments at every SFN wrap around (based on H-SFN, E-SFN or a generic counter)
	Option (B). Incorporate a counter that represents the Nth CDRX cycle following similar approach as for Rel-16 IIoT solution for type 1 CG.
Observation 8.	To address the SFN wrap around when UE is reconfigured close to the boundary of the H-SFN, some companies propose to define/incorporate an explicit DRX reference while others seem not to see the need or discuss this issue.

The proposals captured are the following:
Proposal 1.	To address the mismatch between DRX and XR periodicities, it is proposed to adopt option (0) for network indicate the switch between pre-configured DRX parameter(s) via L1, and option (1) in which network to pre-configure multiple DRX start offset values (i.e. a list of values).
Proposal 2.	To address SFN wrap around, it is proposed to adopt option (A) a counter in DRX formula that increments at every SFN wrap around (based on H-SFN, E-SFN or a generic counter) and an explicit DRX reference SFN.
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