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1 Introduction
“New WID on XR Enhancements for NR” [1] includes the following objective for power savings:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).



In this contribution, we discuss C-DRX enhancements addressing the WID objective above. 
2 Discussion
[bookmark: _Ref117243660]2.1 Aligning C-DRX on-duration with XR traffic
In TR 38.838 [2], XR traffic is modelled as packets belonging to media frames arriving with a periodicity based on the frame rate and with a random jitter. The jitter follows truncated Gaussian distribution. The traffic model can be illustrated as below:

[image: ]
Figure 1 XR traffic model

For XR, it is crucial that the C-DRX on-duration occasions match the traffic periodicity. Otherwise, the packets arriving at the transmitter will need to wait for the next on-duration, causing some packets to miss the target packet delay budget (PDB), therefore reducing the capacity. Both the PDB and the capacity are very limited in XR.
For example, with a frame rate of 60fps and jitter range of [-4,4]ms, the C-DRX on-durations aligned with the arrival of XR traffic would look like below.
[image: ]
Figure 2 C-DRX on-duration aligned with the XR traffic

In legacy (up to Rel-17) C-DRX, the DRX cycle can only take integer values between 10ms and 10240ms. Even if new integer values are introduced, such as 16ms to approximately match the 60fps frame rate (with traffic periodicity 1000/60=50/3~16.67ms), the DRX on-duration would gradually drift out of sync with XR traffic as illustrated below.
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Figure 3 C-DRX on-duration drift using integer DRX cycles

Observation 1: It is not possible to align DRX on-duration occasions with XR traffic using legacy DRX cycles with integer values.
Instead, the DRX on-duration occasions can be aligned with XR traffic by introducing rational number (integer division) values for DRX cycles, for example 50/3ms.
From SLS evaluation results, which were included in TR 38.835 [3], it is observed that eC-DRX using a DRX cycle with a rational value (such as 50/3) matching the CG traffic improves PSG by 4.5%, while improving UE satisfaction rate by 1.6% over Rel-17 C-DRX.
Observation 2: eC-DRX using rational DRX cycle value matching XR/CG traffic improves both power savings and UE satisfaction rate compared to Rel-17 C-DRX.
We therefore propose that the legacy C-DRX formulas should be enhanced to support non-integer (rational number) DRX cycles to match the periodicity of XR traffic.
Proposal 1: Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns.

In legacy C-DRX, if the Long/Short DRX cycle is used for a DRX group, drx-onDurationTimer is started in subframes where:

[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset				(Eq1)
[(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)	(Eq2)

For example, for drx-LongCycle=10ms and drx-StartOffset=0 in Eq1, drx-onDurationTimer is started at 0ms, 10ms, 20ms… and so on.
If we introduce rational values for drx-LongCycle such as 50/3 ms and assuming drx-StartOffset=0, Eq1 becomes:

[(SFN × 10) + subframe number] modulo (50/3) = 0					(Eq3)

Because the modulo operation with non-integer divisor parameter (e.g., 50/3) can return non-integer values, we need to apply the floor function to both sides of the Eq3 above, so the equation becomes:

floor [(SFN × 10) + subframe number] modulo (50/3) = 0				(Eq4)

When Eq4 is implemented in a common programming language such as C or Python, we get the following values for the left-hand side of the equation:

Table 2 Subframe numbers to start ODT with the legacy C-DRX formula (Ex: DRX cycle = 50/3)
	SFN
	Subframe number
	[(SFN × 10) + subframe number] modulo (50/3)
	floor [(SFN × 10) + subframe number] modulo (50/3)

	0
	0
	0
	0

	1
	7
	0.3333…
	0

	3
	4
	0.6666…
	0

	5
	0
	16.6666…
	16 (ODT not started)

	5
	1
	0.9999…
	0 (ODT started in this SF)



Because the DRX cycle in the example is 50/3 ms, we would expect that drx-onDurationTimer would be started at SFN = 5 and subframe number = 0 (corresponding to 3 cycles of 50/3ms). However, because of the rounding errors in the non-integer modulo operator in Eq4, ODT would not be started at the expected subframes.
Observation 3: Using legacy DRX formulas with non-integer (rational number) DRX cycles do not produce expected results when determining the subframes to start the ODT.
We further note that modulo operator is equivalent to, and can be replaced by the following calculation:
A modulo B = A – [ B × floor (A / B) ]					(Eq5)

Floor function is generally safer to use with non-integer numbers as it always produces integer output. We can therefore rewrite Eq1 as:
[bookmark: _Hlk117172575]floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset			(Eq6)
[bookmark: _Hlk117172041]	where n = [(SFN × 10) + subframe number]

Same arguments can also be applied to the short DRX cycle formula, which can be rewritten as:
[bookmark: _Hlk117171268]floor [n – [drx-ShortCycle × floor (n / drx-ShortCycle) ] ] = 
floor [drx-StartOffset – [drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle) ] ]	(Eq7)
	where n = [(SFN × 10) + subframe number]

It can be demonstrated that, when Eq6 and Eq7 are implemented in a common programming language such as C or Python, it produces the expected results for the subframe numbers to start the ODT, as below:

Table 3 Subframe numbers to start ODT with the updated C-DRX formula (Ex: DRX cycle = 50/3)
	SFN
	Subframe number
	floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset
where n = [(SFN × 10) + subframe number]

	0
	0
	0

	1
	7
	0

	3
	4
	0

	5
	0
	0 (ODT started)

	5
	1
	1 (ODT not started in this SF)



Please note that Eq6 and Eq7 can support any rational number value for DRX cycles. New rational number DRX cycles (for example, named drx-eShortCycle and drx-eLongCycle) can be defined by introducing two new parameters: Dividend and Divisor, for example:
drx-eShortCycle = drx-eShortCycleDividend / drx-eShortCycleDivisor
drx-eLongCycle = drx-eLongCycleDividend / drx-eLongCycleDivisor
drx-eShort/LongCycleDividend and eShort/LongCycleDivisor parameters can be specified in the RRC specification TS 38.331.
The range of Dividend and Divisor parameters could be, for example, (1..10240). This can allow the solution in Eq 6 and 7 to support a wide range of rational number DRX cycles. Or alternatively, the range could be set to (1..1000) to support most known frame rates for XR traffic. There can be some restrictions for selecting the Dividend and Divisor pairs. This can be further discussed during the work item.
For example, 30 fps would correspond to DRX cycle = 100/3, 45 fps would correspond to DRX cycle = 200/9, 60 fps would correspond to DRX cycle = 50/3, 120 fps would correspond to DRX cycle = 25/3 and so on.
Observation 4: By introducing two new parameters per short and long DRX cycles: dividend and divisor in RRC configuration, a wide range of rational number DRX cycles can be supported by Eq6 and Eq7. The valid range for the parameters can be discussed during the work item.
On the other hand, if the DRX cycle mismatch issue is resolved by introducing multiple active DRX configurations or multiple start offsets as argued by some companies, the maximum number of DRX configurations or start offsets will have to be discussed by RAN2 and fixed in the specifications. For example, frame rate of 60 fps might require 3 offsets (to support DRX cycle of 50/3 ms), while 45 fps might require 9 offsets (to support DRX cycle of 200/9 ms). This makes it difficult to support new frame rates in the future.
Observation 5: With multiple active DRX configuration and multiple start offset solutions for periodicity mismatch issue, RAN2 must decide on the maximum number of configurations, which may not be future proof for supporting different frame rates.
Additionally, supporting short and long DRX cycles can be complicated using multiple active DRX configurations and multiple start offsets solutions. However, with the new DRX formulas in Eq 6 and 7, support of short and long DRX cycles comes automatically.
Observation 6: Using the new DRX formulas as in Eq 6 and Eq 7, short and long DRX cycles can be supported very easily. Whereas, with the multiple active DRX configuration and multiple start offset solutions, supporting short and long DRX cycles can be complicated.
Following the discussion above, we have the following proposal with regards to supporting the non-integer C-DRX cycles:
Proposal 2: Enhance C-DRX formulas to support non-integer (rational number) DRX cycles, by replacing modulo operation with the floor function as in Eq6 and Eq7 above.

Text proposals for TS 38.321 and TS 38.331 using the above solution have been provided in Appendix B – TP for TS 38.321 and Appendix C – TP for TS 38.331.

2.2 SFN wraparound issue with new DRX cycles
As mentioned above, legacy (Rel-17) C-DRX uses the following formulas to determine the subframe to start drx-onDurationTimer:

[(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)
[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset

The SFN range is [0…1023], and subframe number range is [0…9], therefore the term on the left has a range [0…10239], i.e., wraps every 10240ms:

0 ≤ [(SFN × 10) + subframe number] < 10240

The C-DRX cycle values in Rel-17 are selected such that they are always a factor of 10240ms, i.e.:

	10240 = N × DRX cycle, 	where N=integer

Therefore, when the SFN wraps at every 10240ms, the end of the DRX cycle aligns with the start of the next DRX cycle (i.e., the DRX cycles do not overlap) as illustrated below.

[image: ]
Figure 5 SFN wraparound using legacy DRX cycles

However, for XR it is necessary to support some DRX cycle values that are not factors of 10240ms, and even non-integer DRX cycles, such as 50/3 ms. In this case, the DRX cycles will overlap at the SFN wraparound as illustrated below.

[image: ]
Figure 6 SFN wraparound for DRX cycles that are not a factor of 10240ms

In XR, the traffic periodicity and therefore the DRX cycle are not factors of 10240ms but can take values such as 50/3 ms. Therefore, DRX on-durations will be out of sync with XR traffic after the SFN wraparound if legacy C-DRX formulas are re-used.

Observation 7: If C-DRX cycle values that are not factors of 10240ms are introduced in XR and legacy C-DRX formulas are used, DRX on-duration will go out of sync with XR traffic after the SFN wraparound.

Therefore, the legacy C-DRX formulas should be enhanced to support DRX cycles that are not factors of 10240ms.

Proposal 3: Enhance C-DRX formulas to resolve the issue with SFN wraparound when DRX cycle is not a factor of 10240ms.


As a solution, a new SFN called E-SFN (extended SFN) can be introduced in the C-DRX formulas. E-SFN can be broadcast by the network as the existing SFN in a system information and incremented by one when legacy SFN wraps around. The maximum value, i.e., the wraparound for E-SFN can be selected by the network such that, at the E-SFN wraparound, the DRX cycles will not overlap. The network can indicate the maximum value of E-SFN to the UE via signalling (e.g., dedicated or broadcast RRC signalling).
The C-DRX formulas can then be updated to use E-SFN as below:

[(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle) = 
(drx-StartOffset) modulo (drx-ShortCycle)
[(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset

For example, for DRX cycle = 50/3 ms, maximum E-SFN value can be selected as 9, which means the term on the left has range [0…102399], i.e., wraps every 102400ms:

0 ≤ [(E-SFN × 10240) + (SFN × 10) + subframe number] < 102400

Because the E-SFN is broadcast by the network, the UE can always read the E-SFN value from the system information and ensure to be in sync with the network respect to the DRX on-durations.
An example for DRX cycles at E-SFN wraparound using E-SFN with max value = 9 are illustrated below.

[image: ]
Figure 7 E-SFN wraparound with the updated C-DRX formulas

The C-DRX formulas updated for non-integer DRX cycles (using the floor function) can be adapted to use the E-SFN as below:

floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset			(Eq8)
[bookmark: _Hlk117243795]	where n = [(E-SFN × 10240) + (SFN × 10) + subframe number]

floor [n – [drx-ShortCycle × floor (n / drx-ShortCycle) ] ] = 
floor [drx-StartOffset – [drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle) ] ]	(Eq9)
	where n = [(E-SFN × 10240) + (SFN × 10) + subframe number]

Please note that Eq8 and Eq9 can already support non-integer (rational number) DRX cycles (as they are based on Eq6 and Eq7), therefore they are a complete solution for both non-integer DRX cycle and SFN wraparound.
Proposal 4: To solve the SFN wraparound issue while supporting non-integer (rational number) DRX cycles, introduce a new SFN (E-SFN) and update the C-DRX formulas as in Eq8 and Eq9 above.

Text proposals for TS 38.321 and TS 38.331 using the solutions above have been provided in Appendix B – TP for TS 38.321 and Appendix C – TP for TS 38.331.

3 Conclusion
In this contribution, we discuss the impact of XR service characteristics on power saving, with some potential enhancements on C-DRX to support XR traffic, and have the following observations and proposals:
Non-integer DRX cycles:
Observation 1: It is not possible to align DRX on-duration occasions with XR traffic using legacy DRX cycles with integer values.
Observation 2: eC-DRX using rational DRX cycle value matching XR/CG traffic improves both power savings and UE satisfaction rate compared to Rel-17 C-DRX.
Proposal 1: Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns.

Observation 3: Using legacy DRX formulas with non-integer (rational number) DRX cycles do not produce expected results when determining the subframes to start the ODT.
Observation 4: By introducing two new parameters per short and long DRX cycles: dividend and divisor in RRC configuration, a wide range of rational number DRX cycles can be supported by Eq6 and Eq7. The valid range for the parameters can be discussed during the work item.
Observation 5: With multiple active DRX configuration and multiple start offset solutions for periodicity mismatch issue, RAN2 must decide on the maximum number of configurations, which may not be future proof for supporting different frame rates.
Observation 6: Using the new DRX formulas as in Eq 6 and Eq 7, short and long DRX cycles can be supported very easily. Whereas, with the multiple active DRX configuration and multiple start offset solutions, supporting short and long DRX cycles can be complicated.
Proposal 2: Enhance C-DRX formulas to support non-integer (rational number) DRX cycles, by replacing modulo operation with the floor function as in Eq6 and Eq7 above.

SFN wraparound:
Observation 7: If C-DRX cycle values that are not factors of 10240ms are introduced in XR and legacy C-DRX formulas are used, DRX on-duration will go out of sync with XR traffic after the SFN wraparound.
Proposal 3: Enhance C-DRX formulas to resolve the issue with SFN wraparound when DRX cycle is not a factor of 10240ms.

Proposal 4: To solve the SFN wraparound issue while supporting non-integer (rational number) DRX cycles, introduce a new SFN (E-SFN) and update the C-DRX formulas as in Eq8 and Eq9 above.
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[bookmark: _Ref117244034]Appendix A – TP for TS 38.321
A text proposal for the MAC specification for resolving the DRX cycle mismatch and SFN wraparound issues using our solutions in sections 2.1 and 2.2 has been provided below.
[bookmark: _Toc29239849][bookmark: _Toc37296208][bookmark: _Toc46490335][bookmark: _Toc52752030][bookmark: _Toc52796492][bookmark: _Toc115557905]5.7	Discontinuous Reception (DRX)
[bookmark: _Hlk117237567]…
1>	if the Short DRX cycle is used for a DRX group:
2>	if enhanced DRX cycle is configured, and floor [n – [drx-eShortCycle × floor (n / drx-eShortCycle) ] ] = floor [drx-eStartOffset – [drx-eShortCycle × floor (drx-eStartOffset / drx-eShortCycle) ] ], where n = (E-SFN × 10240) + (SFN × 10) + subframe number, and drx-eShortCycle = drx-eShortCycleDividend / drx-eShortCycleDivisor, or
12>	if enhanced DRX cycle is not configuredif the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
23>	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:
2>	if enhanced DRX cycle is configured, and floor [n – [drx-eLongCycle × floor (n / drx-eLongCycle) ] ] = drx-eStartOffset, where n = (E-SFN × 10240) + (SFN × 10) + subframe number, and drx-eLongCycle = drx-eLongCycleDividend / drx-eLongCycleDivisor, or
21>	if enhanced DRX cycle is not configuredif the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
23>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
34>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
34>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
34>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
45>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
23>	else:
34>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.











[bookmark: _Ref117514873]Appendix B – TP for TS 38.331
A text proposal for the RRC specification for resolving the DRX cycle mismatch and SFN wraparound issues using our solutions in sections 2.1 and 2.2 has been provided below.

–	SIB1
SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. It also contains radio resource configuration information that is common for all UEs and barring information applied to the unified access control.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channels: BCCH
Direction: Network to UE
SIB1 message
-- ASN1START
-- TAG-SIB1-START

SIB1 ::=        SEQUENCE {
    cellSelectionInfo                   SEQUENCE {
        q-RxLevMin                          Q-RxLevMin,
        q-RxLevMinOffset                    INTEGER (1..8)                                              OPTIONAL,   -- Need S
        q-RxLevMinSUL                       Q-RxLevMin                                                  OPTIONAL,   -- Need R
        q-QualMin                           Q-QualMin                                                   OPTIONAL,   -- Need S
        q-QualMinOffset                     INTEGER (1..8)                                              OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Cond Standalone
    cellAccessRelatedInfo               CellAccessRelatedInfo,
    connEstFailureControl               ConnEstFailureControl                                           OPTIONAL,   -- Need R
    si-SchedulingInfo                   SI-SchedulingInfo                                               OPTIONAL,   -- Need R
    servingCellConfigCommon             ServingCellConfigCommonSIB                                      OPTIONAL,   -- Need R
    ims-EmergencySupport                ENUMERATED {true}                                               OPTIONAL,   -- Need R
    eCallOverIMS-Support                ENUMERATED {true}                                               OPTIONAL,   -- Need R
    ue-TimersAndConstants               UE-TimersAndConstants                                           OPTIONAL,   -- Need R
    uac-BarringInfo                     SEQUENCE {
        uac-BarringForCommon                UAC-BarringPerCatList                                           OPTIONAL,   -- Need S
        uac-BarringPerPLMN-List             UAC-BarringPerPLMN-List                                         OPTIONAL,   -- Need S
        uac-BarringInfoSetList              UAC-BarringInfoSetList,
        uac-AccessCategory1-SelectionAssistanceInfo CHOICE {
            plmnCommon                           UAC-AccessCategory1-SelectionAssistanceInfo,
            individualPLMNList                   SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AccessCategory1-SelectionAssistanceInfo
        }                                                                                                   OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Need R
    useFullResumeID                     ENUMERATED {true}                                               OPTIONAL,   -- Need R
    lateNonCriticalExtension            OCTET STRING                                                    OPTIONAL,
    nonCriticalExtension                SIB1-v1610-IEs                                                  OPTIONAL
}

SIB1-v1610-IEs ::=               SEQUENCE {
    idleModeMeasurementsEUTRA-r16    ENUMERATED{true}                                                   OPTIONAL,  -- Need R
    idleModeMeasurementsNR-r16       ENUMERATED{true}                                                   OPTIONAL,  -- Need R
    posSI-SchedulingInfo-r16         PosSI-SchedulingInfo-r16                                           OPTIONAL,  -- Need R
    nonCriticalExtension             SIB1-v1630-IEs                                                     OPTIONAL
}

SIB1-v1630-IEs ::=               SEQUENCE {
    uac-BarringInfo-v1630            SEQUENCE {
        uac-AC1-SelectAssistInfo-r16     SEQUENCE (SIZE (2..maxPLMN)) OF UAC-AC1-SelectAssistInfo-r16
    }                                                                                                   OPTIONAL,  -- Need R
    nonCriticalExtension             SIB1-v1700-IEs                                                     OPTIONAL
}

SIB1-v1700-IEs ::=               SEQUENCE {
    hsdn-Cell-r17                        ENUMERATED {true}                                              OPTIONAL,  -- Need R
    uac-BarringInfo-v1700                SEQUENCE {
        uac-BarringInfoSetList-v1700         UAC-BarringInfoSetList-v1700
    }                                                                                                   OPTIONAL,  -- Cond MINT
    sdt-ConfigCommon-r17                 SDT-ConfigCommonSIB-r17                                        OPTIONAL,  -- Need R
    redCap-ConfigCommon-r17              RedCap-ConfigCommonSIB-r17                                     OPTIONAL,  -- Need R
    featurePriorities-r17        SEQUENCE {
        redCapPriority-r17           FeaturePriority-r17                                                OPTIONAL,  -- Need R
        slicingPriority-r17          FeaturePriority-r17                                                OPTIONAL,  -- Need R
        msg3-Repetitions-Priority-r17 FeaturePriority-r17                                               OPTIONAL,  -- Need R
        sdt-Priority-r17             FeaturePriority-r17                                                OPTIONAL   -- Need R
    }                                                                                                   OPTIONAL,  -- Need R
    si-SchedulingInfo-v1700      SI-SchedulingInfo-v1700                                                OPTIONAL,  -- Need R
    hyperSFN-r17                 BIT STRING (SIZE (10))                                                 OPTIONAL,  -- Need R
    eDRX-AllowedIdle-r17         ENUMERATED {true}                                                      OPTIONAL,  -- Need R
    eDRX-AllowedInactive-r17     ENUMERATED {true}                                                      OPTIONAL,  -- Cond EDRX-RC
    intraFreqReselectionRedCap-r17 ENUMERATED {allowed, notAllowed}                                     OPTIONAL,  -- Need S
    cellBarredNTN-r17            ENUMERATED {barred, notBarred}                                         OPTIONAL,  -- Need S
    nonCriticalExtension         SIB1-v1800-IEs                                                         OPTIONAL
    nonCriticalExtension         SEQUENCE {}                                                            OPTIONAL
}

SIB1-v1800-IEs ::=               SEQUENCE {
    E-SFN-r18                    BIT STRING (SIZE (10))                                                 OPTIONAL,  -- Need R
    E-SFNMax-r18                 BIT STRING (SIZE (10))                                                 OPTIONAL,  -- Need R
    nonCriticalExtension         SEQUENCE{}                                                             OPTIONAL
}

UAC-AccessCategory1-SelectionAssistanceInfo ::=    ENUMERATED {a, b, c}

UAC-AC1-SelectAssistInfo-r16 ::=     ENUMERATED {a, b, c, notConfigured}

SDT-ConfigCommonSIB-r17 ::=          SEQUENCE {
    sdt-RSRP-Threshold-r17               RSRP-Range                                                            OPTIONAL, -- Need R
    sdt-LogicalChannelSR-DelayTimer-r17  ENUMERATED { sf20, sf40, sf64, sf128, sf512, sf1024, sf2560, spare1}  OPTIONAL, -- Need R
    sdt-DataVolumeThreshold-r17          ENUMERATED {byte32, byte100, byte200, byte400, byte600, byte800, byte1000, byte2000, byte4000,
                                                     byte8000, byte9000, byte10000, byte12000, byte24000, byte48000, byte96000},
    t319a-r17                            ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms2000,
                                                      ms3000, ms4000, spare7, spare6, spare5, spare4, spare3, spare2, spare1}
}

RedCap-ConfigCommonSIB-r17 ::= SEQUENCE {
    halfDuplexRedCapAllowed-r17    ENUMERATED {true}                                                    OPTIONAL,  -- Need R
    cellBarredRedCap-r17           SEQUENCE {
        cellBarredRedCap1Rx-r17        ENUMERATED {barred, notBarred},
        cellBarredRedCap2Rx-r17        ENUMERATED {barred, notBarred}
    }                                                                                                   OPTIONAL,  -- Need R
    ...
}

FeaturePriority-r17 ::= INTEGER (0..7)

-- TAG-SIB1-STOP
-- ASN1STOP

[bookmark: _Hlk117513952]
	SIB1 field descriptions

	cellBarredNTN
Value barred means that the cell is barred for connectivity to NTN, as defined in TS 38.304 [20]. Value notBarred means that the cell is allowed for connectivity to NTN. If not present, the UE considers the cell is not allowed for connectivity to NTN, as defined in TS 38.304 [20]. This field is only applicable to NTN-capable UEs.

	cellBarredRedCap1Rx
Value barred means that the cell is barred for a RedCap UE with 1 Rx branch, as defined in TS 38.304 [20]. This field is ignored by non-RedCap UEs.

	cellBarredRedCap2Rx
Value barred means that the cell is barred for a RedCap UE with 2 Rx branches, as defined in TS 38.304 [20]. This field is ignored by non-RedCap UEs.

	cellSelectionInfo
Parameters for cell selection related to the serving cell.

	eCallOverIMS-Support
Indicates whether the cell supports eCall over IMS services as defined in TS 23.501 [32]. If absent, eCall over IMS is not supported by the network in the cell.

	eDRX-AllowedIdle
The presence of this field indicates that extended DRX for CN paging is allowed in the cell for UEs in RRC_IDLE or RRC_INACTIVE. The UE shall stop using extended DRX for CN paging in RRC_IDLE or RRC_INACTIVE if eDRX-AllowedIdle is not present.

	eDRX-AllowedInactive
The presence of this field indicates that extended DRX for RAN paging is allowed in the cell for UEs in RRC_INACTIVE. The UE shall stop using extended DRX for RAN paging in RRC_INACTIVE if eDRX-AllowedInactive is not present.

	E-SFN
Indicates extended SFN which increments by one when the SFN wraps around. The value is reset to 0 after it reaches E-SFNMax.

	E-SFNMax
Indicates the maximum value for extended SFN.

	featurePriorities
Indicates priorities for features, such as RedCap, Slicing, SDT and MSG3-Repetitions for Coverage Enhancements. These priorities are used to determine which FeatureCombinationPreambles the UE shall use when a feature maps to more than one FeatureCombinationPreambles, as specified in TS 38.321 [3]. A lower value means a higher priority. The network does not signal the same priority for more than one feature. The network signals a priority for all feature that map to at least one FeatureCombinationPreambles.

	halfDuplexRedCap-Allowed
The presence of this field indicates whether the cell supports half-duplex FDD RedCap UEs.

	hsdn-Cell
This field indicates this is a HSDN cell as specified in TS 38.304 [20].

	hyperSFN
Indicates hyper SFN which increments by one when the SFN wraps around.

	idleModeMeasurementsEUTRA
This field indicates that a UE that is configured for EUTRA idle/inactive measurements shall perform the measurements while camping in this cell and report availability of these measurements when establishing or resuming a connection in this cell. If absent, a UE is not required to perform EUTRA idle/inactive measurements.

	idleModeMeasurementsNR
This field indicates that a UE that is configured for NR idle/inactive measurements shall perform the measurements while camping in this cell and report availability of these measurements when establishing or resuming a connection in this cell. If absent, a UE is not required to perform NR idle/inactive measurements.

	ims-EmergencySupport
Indicates whether the cell supports IMS emergency bearer services for UEs in limited service mode. If absent, IMS emergency call is not supported by the network in the cell for UEs in limited service mode.

	intraFreqReselectionRedCap
Controls cell selection/reselection to intra-frequency cells for RedCap UEs when this cell is barred, or treated as barred by the RedCap UE, as specified in TS 38.304 [20]. If not present, a RedCap UE treats the cell as barred, i.e.,the UE considers that the cell does not support RedCap.

	q-QualMin
Parameter "Qqualmin" in TS 38.304 [20], applicable for serving cell. If the field is absent, the UE applies the (default) value of negative infinity for Qqualmin.  

	q-QualMinOffset
Parameter "Qqualminoffset" in TS 38.304 [20]. Actual value Qqualminoffset = field value [dB]. If the field is absent, the UE applies the (default) value of 0 dB for Qqualminoffset. Affects the minimum required quality level in the cell.

	q-RxLevMin
Parameter "Qrxlevmin" in TS 38.304 [20], applicable for serving cell.

	q-RxLevMinOffset
Parameter "Qrxlevminoffset" in TS 38.304 [20]. Actual value Qrxlevminoffset = field value * 2 [dB]. If absent, the UE applies the (default) value of 0 dB for Qrxlevminoffset. Affects the minimum required Rx level in the cell.

	q-RxLevMinSUL
Parameter "Qrxlevmin" in TS 38.304 [20], applicable for serving cell.

	sdt-RSRP-Threshold
RSRP threshold used to determine whether SDT procedure can be initiated, as specified in TS 38.321 [3].

	sdt-DataVolumeThreshold
Data volume threshold used to determine whether SDT can be initiated, as specified in TS 38.321 [3]. Value byte32 corresponds to 32 bytes, value byte100 corresponds to 100 bytes, and so on.

	sdt-LogicalChannelSR-DelayTimer
The value of logicalChannelSR-DelayTimer applied during SDT for logical channels configured with SDT, as specified in TS 38.321 [3]. Value in number of subframes. Value sf20 corresponds to 20 subframes, sf40 corresponds to 40 subframes, and so on. If this field is not configured, then logicalChannelSR-DelayTimer is not applied for SDT logical channels.

	servingCellConfigCommon
Configuration of the serving cell.

	t319a
Initial value of the timer T319a. Value ms100 corresponds to 100 milliseconds, value ms200 corresponds to 200 milliseconds and so on.

	uac-AccessCategory1-SelectionAssistanceInfo
Information used to determine whether Access Category 1 applies to the UE, as defined in TS 22.261 [25]. If plmnCommon is chosen, the UAC-AccessCategory1-SelectionAssistanceInfo is applicable to all the PLMNs and SNPNs in plmn-IdentityInfoList and npn-IdentityInfoList. If individualPLMNList is chosen, the 1st entry in the list corresponds to the first network within all of the PLMNs and SNPNs across the plmn-IdentityList and the npn-IdentityInfoList, the 2nd entry in the list corresponds to the second network within all of the PLMNs and SNPNs across the plmn-IdentityList and the npn-IdentityInfoList and so on. If uac-AC1-SelectAssistInfo-r16 is present, the UE shall ignore the uac-AccessCategory1-SelectionAssistanceInfo.

	uac-AC1-SelectAssistInfo
Information used to determine whether Access Category 1 applies to the UE, as defined in TS 22.261 [25]. The 1st entry in the list corresponds to the first network within all of the PLMNs and SNPNs across the plmn-IdentityList and npn-IdentityInfoList, the 2nd entry in the list corresponds to the second network within all of the PLMNs and SNPNs across the plmn-IdentityList and the npn-IdentityInfoList and so on. Value notConfigured indicates that Access Category1 is not configured for the corresponding PLMN/SNPN.

	uac-BarringForCommon
Common access control parameters for each access category. Common values are used for all PLMNs/SNPNs, unless overwritten by the PLMN/SNPN specific configuration provided in uac-BarringPerPLMN-List. The parameters are specified by providing an index to the set of configurations (uac-BarringInfoSetList). UE behaviour upon absence of this field is specified in clause 5.3.14.2.

	ue-TimersAndConstants
Timer and constant values to be used by the UE. The cell operating as PCell always provides this field.

	useFullResumeID
Indicates which resume identifier and Resume request message should be used. UE uses fullI-RNTI and RRCResumeRequest1 if the field is present, or shortI-RNTI and RRCResumeRequest if the field is absent.



	Conditional Presence
	Explanation

	EDRX-RC
	The field is optionally present, Need R, in a cell that enables eDRX-AllowedIdle, otherwise it is absent.

	MINT
	The field is optionally present, Need R, in a cell that provides a configuration for disaster roaming, otherwise it is absent, Need R.

	Standalone
	The field is mandatory present in a cell that supports standalone operation, otherwise it is absent.
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The IE DRX-Config is used to configure DRX related parameters.
DRX-Config information element
-- ASN1START
-- TAG-DRX-CONFIG-START

DRX-Config ::=                      SEQUENCE {
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },
    drx-InactivityTimer                 ENUMERATED {
                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,
                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-HARQ-RTT-TimerDL                INTEGER (0..56),
    drx-HARQ-RTT-TimerUL                INTEGER (0..56),
    drx-RetransmissionTimerDL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-RetransmissionTimerUL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
        drx-ShortCycleTimer                 INTEGER (1..16)
    }                                                                                                           OPTIONAL,   -- Need R
    drx-SlotOffset                      INTEGER (0..31)
}

DRX-ConfigExt-v1700 ::=                 SEQUENCE {
    drx-HARQ-RTT-TimerDL-r17                INTEGER (0..448),
    drx-HARQ-RTT-TimerUL-r17                INTEGER (0..448)
}
DRX-ConfigExt-v1800 ::=                 SEQUENCE {
    drx-eLongCycleDividend-r18          INTEGER (1..1000)
    drx-eLongCycleDivisor-r18           INTEGER (1..1000)
    drx-eShortCycleDividend-r18         INTEGER (1..1000)
    drx-eShortCycleDivisor-r18          INTEGER (1..1000)
    drx-eStartOffset-r18                INTEGER (0..999)
}

-- TAG-DRX-CONFIG-STOP
-- ASN1STOP

	DRX-Config field descriptions

	drx-HARQ-RTT-TimerDL
Value in number of symbols of the BWP where the transport block was received. drx-HARQ-RTT-TimerDL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerDL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-HARQ-RTT-TimerUL
Value in number of symbols of the BWP where the transport block was transmitted. drx-HARQ-RTT-TimerUL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerUL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-eLongCycleDividend
Dividend part of drx-eLongCycle as specified in TS 38.321 [3]. The calculated drx-eLongCycle value is in ms. If drx-eShortCycle is configured, the value of drx-eLongCycle shall be a multiple of the drx-eShortCycle value.

	drx-eLongCycleDivisor
Divisor part of drx-eLongCycle as specified in TS 38.321 [3]. The calculated drx-eLongCycle value is in ms. If drx-eShortCycle is configured, the value of drx-eLongCycle shall be a multiple of the drx-eShortCycle value.

	drx-eShortCycleDividend
Dividend part of drx-eShortCycle as specified in TS 38.321 [3]. The calculated drx-eShortCycle value is in ms.

	drx-eShortCycleDivisor
Divisor part of drx-eShortCycle as specified in TS 38.321 [3]. The calculated drx-eShortCycle value is in ms.

	drx-eStartOffset
Value in ms. The value shall be less than the calculated drx-eLongCycle value.

	drx-InactivityTimer
Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	drx-RetransmissionTimerDL
Value in number of slot lengths of the BWP where the transport block was received. value sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-RetransmissionTimerUL
Value in number of slot lengths of the BWP where the transport block was transmitted. sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-ShortCycleTimer
Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-SlotOffset
Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.
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