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1	Introduction
In this contribution, we discuss the following open issues on DRX for XR:
	-	DRX
-	Whether non-integer DRX cycles can be configured for both short and long DRX cycles or only one of them
-	Whether new DRX parameters such as drx-NonIntegerLongCycleStartOffset and drx-NonIntegerShortCycle are shared by both DRX groups or can be configured separately for different DRX groups
-	The final formula for determining the start time of the drx-onDurationTimer when the drx-NonIntegerShortCycle and/or drx-NonIntegerLongCycle is configured


2	Discussion
2.1	DRX long cycle configuration and formula details
Based on the agreement of defining DRX cycle based on rational numbers, considering we do not use REAL value for ASN.1, it could be enough to configure an integer hyper cycle (e.g. 50ms) and number of cycles within the hyper cycle (e.g. 3), then with the floor operation as proposed to the MAC formula it would result in the pattern of 17, 17, 16 as shown in the table above without introducing the counter to check at which cycle when an adjustment is needed. According to the typical frame rate captured in the stage 2 running CR (R2-2304393), possible combinations of hyper cycle and number of cycles per hyper cycle (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3) could cover the frame rate of 30fps, 45fps, 60fps, 72fps, 90fps, 120fps. We could also consider configure the hyper cycle and number of cycles as separate parameters to allow any combination and be future proof. It is left to NW implementation to configure the combination based on the traffic characteristic.
Proposal 1: For DRX long cycle, configure hyperCycle and numberOfCycles per hyper cycle as separate parameters with possible values of{ms25, ms50, ms100, ms125, ms200, spare3, spare2, spare1} for hyper cycle and {3, 9, spare2, spare1} for numberOfCycles per hyper cycle. DRX cycle is defined as hyperCycle / numberOfCycles.
Proposal 2: For DRX long cycle, DRX start offset is separately configured from the DRX cycle and only the values from 0 to floor(hyperCycle/numberOfCycles) – 1 are applicable depending on the hyperCycle and numberOfCycles configurations.
TP for RRC:
	Configuring DRX hyper cycle requires enhancements to the DRX-Config IE defined in TS 38.331 as follows:
DRX-Config information element
-- ASN1START
-- TAG-DRX-CONFIG-START

DRX-Config ::=                      SEQUENCE {
    -- Legacy DRX parameters skipped
    ...,                                    
	drx-CycleRational-r18              SEQUENCE {    
        hyperCycle-r18                    ENUMERATED {ms25, ms50, ms100, ms125, 
                                                      ms200, spare3, spare2, spare1},
        numberOfCycles-r18                ENUMERATED {3, 9, spare2, spare1}
}
drx-StartOffset-r18              	INTEGER(0..65),
    		...,
}
}

-- TAG-DRX-CONFIG-STOP
-- ASN1STOP
	drx-CycleRational 
Used to configure DRX short and long cycles with non-integer values. drx-LongCycle corresponds to hypercycle/ numberOfCycles. When this field is configured, drx-LongCycleStartOffset in drx-Config shall be ignored.

	drx-StartOffset 
Used to configure drx StartOffset when the DRX cycle is with non-integer values. Only the values from 0 to floor(hypercycle/ numberOfCycles) – 1 are applicable depending on the hypercycle and numberOfCycles configurations. When this field is configured, drx-LongCycleStartOffset shall be ignored.






For DRX cycles represented as rational numbers, there are different ways to implement the modulo operation without producing rounding errors. One such example is to apply the definition as discussed in [3]: 

which is a well-established formula that can be found in many authoritative references on mathematics and computer science as well as online resources such as MathWorld and Wikipedia. However, the modulo operation by using this equation requires the multiplication of a fractional number with an integer number. Depending on the numerical precision used for the representation of the fractional number in a given computation platform, e.g., MATLAB or Excel, the formula output different results.
To better illustrate the problem statement, hereafter, we present a detailed analysis of the formula specification and potential issues if modulo operation is implemented as suggested by Qualcomm et al in [3]. Without loss of generality, we describe the example for the long cycle case, and the target formula is 
floor ([(SFN × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset
Now for the sake of convenience, let us define the following shorthand:
· A = [(SFN × 10) + subframe number]: an integer number.
· B / C = drx-LongCycle: a rational number represented by the ratio of two integers (B and C).
· Z = drx-StartOffset: an integer number.
Then the above formula reduced to 

Now if we apply the formula proposed by Qualcomm et al in [3], we have
                                                       (1)
Therefore, we analyze equation (1) as follows. Firstly,  is an integer since it is the product of two integers, and  is an integer, which results in that  is a rational number as well. Thus,  is an integer number. However, the fraction  is still a rational number, in particular, multiplying an integer  by a fractional number  result in different values depending on the numerical precision used to represent the fractional number in a given computation platform. To be more explicit, the rational number  and recurrent decimal (e.g., 50/3 = 16.6666…) represented in machine can cause rounding errors. The numerical representation of the fractional number may cause the product to wrap up the nearest integer toward infinity. This is seen as the machine-dependent problem which cannot be overcome in the practical implementation.
· For example, let  be a fractional number and  be an integer number. The product of  can result in different values depending on the representation of the fractional  in a computer machine. Let  and  (note that this is the typical example ):
· If the fractional number  is represented as  by a computer machine, we get , which result in .
· If the fractional number  is represented as  by a computer machine, we get , which result in .
· If the fractional number  is represented as  by a computer machine, we get , which result in .
As discussed above, to avoid the numerical errors due to the numerical precision of fractional numbers by a computer machine, the DRX formula with rational numbers may adopt the following implementation:
                                                                  (2)
In this way, the rounding error caused by floor operation of a rational number  multiplied by an integer number  will be avoided.
To fully demonstrate the rounding errors caused by using (1), we present the numerical results in Figure 1 below. In this numerical example, DRX hyper cycle is B = 50 ms, and number of cycles per hyper cycle C = 3, so drxLongCycle is represented as a rational number 50/3 ms. In this case, it is clearly show that there are 3 numbers calculated as -1 for drx-StartOffset, which is in theory impossible. However, by using the proposed formula in (2), the numerical errors can be overcome.[image: ]
Figure 1: Numerical illustrations of rounding errors by using equation (1) for DRX long cycle
Proposal 3: For DRX long cycle, in addition to the MAC formula change with floor operation, capture that Floor operation of modulo of a rational number,  shall be implemented as  to avoid rounding error, where B = hyperCycle and C = numberOfCycles in the hyper cycle:
	1> if the Long DRX cycle is used for a DRX group and the drx-NonIntegerLongCycle is configured for the DRX group, and [(DRX_SFN_COUNTER  × 10240)  + (SFN × 10) + subframe number] modulo (hyperCycledrx-NonIntegerLongCycle/numberOfCycles) = [(drx-TimeReferenceSFN × 10) + drx-StartOffset] modulo (drx- hyperCycleNonIntegerLongCycle/ numberOfCycles):
Floor operation of modulo of a rational number,  shall be implemented as  to avoid rounding error, where B = hyperCycle and C = numberOfCycles in the hyper cycle.


With respect to the open issue of whether the new parameters are shared by all DRX groups or can be configured separately for different DRX groups, we believe it should be enough with common configuration since in legacy, the DRX cycle and offset configurations are common.
	Serving Cells of a MAC entity may be configured by RRC in two DRX groups with separate DRX parameters. When RRC does not configure a secondary DRX group, there is only one DRX group and all Serving Cells belong to that one DRX group. When two DRX groups are configured, each Serving Cell is uniquely assigned to either of the two groups. The DRX parameters that are separately configured for each DRX group are: drx-onDurationTimer, drx-InactivityTimer. The DRX parameters that are common to the DRX groups are: drx-SlotOffset, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-LongCycleStartOffset, drx-ShortCycle (optional), drx-ShortCycleTimer (optional), drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL.


Proposal 4: The rational DRX cycle configuration is common for all DRX groups.
2.2	Support of DRX short cycle
Same formula as for long cycle can be used for short cycle if rational number also supported for Short cycle. However, in legacy, we have the restriction that “If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value” to ensure that the first short cycle within its long cycle starts at the same time of the long cycle. This also assures that the OnDuration of first short cycle always overlaps the OnDuration of its long cycle. Considering the typical frame rates that can be represented with combinations of (numerator, denominator) like (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3), if the legacy restriction still holds, the feasible combinations of different frame rates that can be supported by jointly configuring Short and Long cycle might be rather limited. In contrast, without the legacy restriction, if there is mismatch between the network and the UE on whether Short or Long cycle is used, the network might not be able to send commands to the UE due to the misalignment of active time between the network and the UE.
Observation 1: the legacy restriction that “If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value” ensures synchronization between the short and long DRX cycles.
Observation 2: the legacy restriction limits the feasible combinations that can be supported by jointly configuring Short and Long cycle.
Proposal 5: To ensure overlapping of short cycle and long cycle onDuration, the restriction of long cycle being multiple of short cycle should still hold if rational cycle is supported also for short cycle, which means the NW should not configure short cycle as integer number while the long cycle as rational number and there would be a limitation on the combination of the frame rates combinations.
It could be implemented with one of the following options:
· Option 1: Common hyper cycle () for both long and short cycle, then there are separate parameters for number of long cycles () and short cycles () within the hyper cycle, with the restriction of  is multiple of .
· Option 2: Common  for both long and short cycle, and there are separate parameters  and , with the restriction of  is multiple of .
· Option 3: Separate long hyper cycle () and number of long cycles () within long hyper cycle, and short hyper cycle () and number of short cycles within the short hyper cycle (), with the restriction of B/C being multiple of Bs/Cs or B being a multiple of Bs and Cs being a multiple of C.
Option 2 seemed to be enough to support the typical combinations of frame rates defined by (100, 3), (200, 9), (50, 3), (125, 9), (100, 9), (25, 3) as none of the combinations with different number of cycles would meet the restriction of one being multiple of the other.
Proposal 6: Short cycle is configured as HyperShortCycle divided by with common numberofCycles as long cycle with the restriction that hyperCycle (for Long cycle) is multiple of HyperShortCycle. 
3	Conclusion
The issues on DRX cycle alignment are discussed in this contribution and the following observations are made:
Observation 1: the legacy restriction that “If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value” ensures synchronization between the short and long DRX cycles.
Observation 2: the legacy restriction limits the feasible combinations that can be supported by jointly configuring Short and Long cycle.

Additionally, this contribution makes the following proposals:
Proposal 1: For DRX long cycle, configure hyperCycle and numberOfCycles per hyper cycle as separate parameters with possible values of{ms25, ms50, ms100, ms125, ms200, spare3, spare2, spare1} for hyper cycle and {3, 9, spare2, spare1} for numberOfCycles per hyper cycle. DRX cycle is defined as hyperCycle / numberOfCycles.
Proposal 2: For DRX long cycle, DRX start offset is separately configured from the DRX cycle and only the values from 0 to floor(hyperCycle/numberOfCycles) – 1 are applicable depending on the hyperCycle and numberOfCycles configurations.
Proposal 3: For DRX long cycle, in addition to the MAC formula change with floor operation, capture that Floor operation of modulo of a rational number,  shall be implemented as  to avoid rounding error, where B = hyperCycle and C = numberOfCycles in the hyper cycle.
Proposal 4: The rational DRX cycle configuration is common for all DRX groups.
Proposal 5: To ensure overlapping of short cycle and long cycle onDuration, the restriction of long cycle being multiple of short cycle should still hold if rational cycle is supported also for short cycle, which means the NW should not configure short cycle as integer number while the long cycle as rational number and there would be a limitation on the combination of the frame rates combinations.
Proposal 6: Short cycle is configured as HyperShortCycle divided by with common numberofCycles as long cycle with the restriction that hyperCycle (for Long cycle) is multiple of HyperShortCycle. 
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