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1. Introduction
The enhancements for DRX have already been discussed widely and RAN2 has made the main agreements, including to introduce rational number DRX cycles and to resolve the SFN wrap-around using the counter NSFN. However, there are still some remaining issues for further discussion.
In this contribution, we will first discuss the details of using rational number DRX cycles, with the answers of whether rational numbers should be applied to the short DRX cycle and how to design the RRC signalling. Besides, we would like to point out that the current agreements cannot solve the issue of SFN wrap-around actually. We will give our analysis and proposals.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Rational number DRX cycles
2.2.1 Short DRX cycle
Although it is agreed to introduce rational number DRX cycles, RAN2 has not discussed about whether this is needed for short DRX cycles. In our view, there is no reason to apply rational numbers to short DRX cycles. Currently, there are two mechanisms for the UE to adopt short DRX cycle during the DRX procedure: (a) by reception of short DRX cycle MAC CE; (b) by the expiry of DRX inactivity timer. 
First, considering the frame rate is quite stable, the DRX cycle should also be fixed. So the NW is not supposed to adjust the DRX cycle via MAC CE, i.e. switch to the short DRX cycle. 
Observation 1: There is no need to switch to short DRX cycle via MAC CE for XR.
Next, as for the short DRX cycle triggered by the expiry of drx-InactivityTimer, we first analyse the motivation of this mechanism. For MBB traffic, data may arrive continuously over a period of time. Once there is some data transmitted, it is probable to have more data for transmission in the subsequent period of time. To be able to transmit the subsequent data timely, the UE shall wake up more frequently. This motivates the introduction of short DRX cycle. The DRX cycle is switched to the short one when drx-InactivityTimer expires as drx-InactivityTimer is triggered by data transmission.
However, the above motivation does not hold for XR traffic. In XR, the data bursts arrives by periodicities and there is one data burst in each periodicity. Once the data burst is captured by drx-onDuration, it will be completely transmitted before the expiry of drx-InactivityTimer. Then, the UE can sleep until the next periodicity without switching to short DRX cycle.
Observation 2: There is no need to switch to short DRX cycle when drx-InactivityTimer expires for XR.
From the above observations, we can see that there is no need to support short DRX cycle for XR. The rational numbers should not be applicable for short DRX cycle. With the new periodicity, there is no need either to introduce the counter NSFN for the formula determining short DRX cycle.
Proposal 1: Short DRX cycle with rational number for XR traffic is not supported and NSFN does not need to be introduced for the formula determining the short DRX cycle.
Proposal 2: Short DRX cycle should not be configured when the long DRX cycle is configured as rational number.
2.2.2 RRC signalling
For XR, the length of DRX cycle is decided by the traffic frame rates. SA4 and RAN1 have contributed a lot on the modelling of XR traffic and we can take their work as a reference to design the RRC signalling. In SA4 TR 26.926 [2], 60, 90 and 120 fps have been considered as typical parameters for video signalling, as quoted below. Also, RAN1 has done some evaluation on XR performance in TR 38.838 [3]. During the evaluations, different frame rates were considered, including 30, 60, 90 and 120 fps.
	[bookmark: _Toc63856205][bookmark: _Toc123913954]6.2.3	Considered System Parameters
· [bookmark: MCCQCTEMPBM_00000301]Formats of rasterized video signal. Typical parameters are:
· [bookmark: MCCQCTEMPBM_00000302]1.5K x 1.5K per eye at 60, 90, 120fps 
· [bookmark: MCCQCTEMPBM_00000303]2K x 2K at 60, 90, 120fps
· [bookmark: MCCQCTEMPBM_00000304]YUV 4:2:0 or 4:4:4


The above mentioned frame rates correspond to different rational number periodicities, which should be supported by DRX.
Proposal 3: At least 30/60/90/120 fps are considered for DRX cycle configuration for R18.
To support the configuration of rational number DRX cycles, we may consider the following options.
· Option 1. Use two integers to configure the numerator and the denominator of the rational number respectively.
This is a natural idea and it configures the DRX cycles directly. Since a rational number can always be expressed as a fraction number, and the numerator and the denominator are integers, the rational number DRX cycles can be easily indicated via two integers. For example, the NW can configure one integer as 50 and another as 3 to indicate that the DRX cycle is 50/3 ms. Upon receiving the configuration, the UE can perform the calculation to get the DRX cycle.
· Option 2. Use a choice structure to configure the rational number of the DRX cycle along with the offsets
This option still tries to configure the DRX cycles directly. Instead of using two integers, it finds a specific way to express the rational numbers with a single parameter. This is inspired by the fact that we only have several possible frame rates for XR traffic. Actually, during the study of traffic modelling in SA4 and RAN1, only 30/60/90/120 fps are considered for XR, which simply correspond to the DRX cycles of 100/3 ms, 50/3 ms, 100/9 ms and 50/6 ms. These rational number DRX cycles can be easily concluded using a parameter with four elements, e.g. [100/3, 50/3, 100/9, 25/3]. Furthermore, it can be a choice structure to include the start offset, e.g. with the following structure.
    drx-LongCycleStartOffset-XR-r18         CHOICE {
        ms-100-3                            INTEGER(0..32),
        ms-50-3                             INTEGER(0..15),
        ms-100-9                            INTEGER(0..10),
        ms-25-3                             INTEGER(0..7)
    }
Option 2 has less specification impacts since it has the similar structure to the current DRX cycle configuration. Also, the signalling overhead of option 2 is much smaller than option 1. Thus, we propose RAN2 to adopt option 2 for DRX cycle configuration.
Proposal 4: RAN2 to specify the DRX cycle by different fields under a CHOICE structure and specify in the field description the correspondence between different fields and DRX cycles.
2.2 SFN wrap around
2.2.1 NSFN initialization
In RAN2#123 meeting, RAN2 has agreed to add NSFN and drx-ReferenceSFN to the DRX formula and initialize NSFN to 0. The agreements are quoted as below. 
		Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0. 


With the above agreements, the DRX formula is supposed to be modified as following:
floor{[(NSFN × 1024 + SFN) × 10) + subframe number] modulo (drx-LongCycle)} 
= floor{(drx-ReferenceSFN × 10 + drx-StartOffset) modulo drx-LongCycle}
However, we think this cannot solve the problem correctly. An example can be found in Fig.1, the traffic arrives with the periodicity of 50/3ms. Assuming the DRX configuration signalling is sent by the gNB during the second half of H-SFN#0. Taking drx-ReferenceSFN × 10 + drx-StartOffset as a whole, if the RRC signalling is received by the UE during H-SFN#0, the UE will use T1 as the reference point to calculate the DRX cycles. Otherwise if the RRC signalling is received during H-SFN#1, the UE will use T3 as the reference point, resulting in mismatching DRX cycles.
 [image: ]
Fig.1. Example to show the issue of NSFN initialization.
Detailed calculations of the problem case illustrated above, i.e., the DRX configuration is sent during H-SFN#0 but received during H-SFN#1, is shown by option A in Table 1. It can be seen that the on-duration would be started at SFN#0 and subframe#0 in H-SFN#1, which mismatches with the real data burst. 
This is because the formula actually calculates the DRX cycles within a NSFN period, but in the examplified case, the starting point of the NSFN period in the UE’s mind is different from what the gNB thinks, i.e., the gNB configures DRX based on the thinking hyper frame#0 corresponds to NSFN#0 while the UE takes hyper frame#1 as NSFN#0, making the result out of the gNB’s expectation. 
Table 1. Comparison between different NSFN initialization methods.
	Option A (current TP)
	Formula
	floor{[(NSFN × 1024 + SFN) × 10) + subframe number] modulo (drx-LongCycle)} = floor{(drx-ReferenceSFN × 10 + drx-StartOffset) modulo drx-LongCycle}

	
	Configuration
	drx-LongCycle = 50/3, drx-ReferenceSFN = 512, drx-StartOffset = 40/3

	
	Initialization
	NSFN = 0

	
	Result
	SFN = 0, subframe number = 0 => Wrong!
Mismatches with the first data burst in H-SFN#1.

	Option B (our proposal)
	Formula
	floor{[(NSFN × 1024 + SFN) × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset

	
	Configuration
	drx-LongCycle = 50/3, drx-ReferenceSFN = 512, drx-StartOffset = 0

	
	Initialization
	NSFN = 1

	
	Result
	SFN = 1, subframe number = 0 => Correct!
Matches with the first data burst in H-SFN#1.


The root cause of the above phenomenon is the incorrect initialization of NSFN, making NSFN misaligned between the gNB and the UE.To overcome the above issue, a proper method to initialize NSFN is needed. The key point is whether the DRX configuration signalling is sent and received during the same hyper frame. There are three potential scenarios:
· Scenario 1: The gNB sends the RRC signalling during the first half of the hyper frame. The UE receives/decodes the signalling during the same hyper frame.
· Scenario 2: The gNB sends the RRC signalling during the second half of the hyper frame. The UE receives/decodes the signalling during the same hyper frame.
· Scenario 3: The gNB sends the RRC signalling during the second half of the hyper frame. The UE receives/decodes the signalling during the first half of the next hyper frame.
UE shall distinguish these scenarios and initialize NSFN accordingly. For scenario 2 and 3, drx-ReferenceSFN can be carried within the RRC configuration signalling to indicate that the signalling is sent during the second half of the hyper frame. Upon receiving drx-ReferenceSFN at the UE side, in the case of scenario 3, if the gNB transmission and the UE reception of the signalling is not in the same hyper-frame, NSFN should be initialized to 1. Otherwise, it shall be initialized to 0. Then for scenario 1, there is no need to send drx-referenceSFN to the UE and NSFN is also initialized to 0. This is illustrated in Fig.2. 
[image: ]
Fig.2. Initialize NSFN according to drx-ReferenceSFN.
With the above solution, NSFN would be initialized to 1 in the example shown in Fig.1. Besides, there is no need to add drx-ReferenceSFN into the formula. Option B in Table.1 shows how the proposed solution works for the mentioned example. The result matches well with the real traffic. With the analysis, we propose RAN2 to revise the agreements by adopting the following proposal:
Proposal 5: Address the issue of DRX config crossing the H-SFN boundary in the current running CR: Use drx-ReferenceSFN to initialize NSFN at the UE side
· When drx-ReferenceSFN is configured and the RRC signalling is received during the first half of the hyper frame, NSFN is initialized to 1; 
· Otherwise, NSFN is initialized to 0.
2.2.2 Range of NSFN
There is also an agreement about the range of NSFN:
	The maximum value of the counter (NSFN) is 2^16-1 = 65535. 


However, this agreement is unreasonable. Now that we decide to set a maximum value for NSFN, we should make sure the period of NSFN wrap around is an integer multiple of the XR traffic periodicities so that there would be no mismatch. Unfortunately, the agreed value 65535 cannot achieve the purpose.
We believe it is better to have a general max count for NSFN which can eliminate the mismatches thoroughly. We provide the possible max count of NSFN for each frame rate in Table 2.
Table 2. The max count for E-SFN for different frame rates.
	Frame rates
	Traffic periodicities
	The max count of NSFN
	The period of E-SFN wrap around

	30 fps
	100/3 ms
	5
	5 * 10240 ms = 1536 * 100/3 ms

	60 fps
	50/3 ms
	5
	5 * 10240 ms = 3072 * 50/3 ms

	90 fps
	100/9 ms
	5
	5 * 10240 ms = 4608 * 100/9 ms

	120 fps
	25/3 ms
	5
	5 * 10240 ms = 6144 * 25/3 ms

	X fps (0<X<1000)
	1000/X ms
	25
	25 * 10240 ms = (256*X) * 1000/X ms


Observation 3: With the max count of 5, the period of NSFN wrap around is an integer multiple of the traffic periodicities for frame rate 30/60/90/120 fps.
Observation 4: With the max count of 25, the period of NSFN wrap around is an integer multiple of the traffic periodicities for any frame rate.
It can be seen that for any frame rates, there exists a finite range for E-SFN which will not cause any mismatch issue. And from the analysis, the max count can be 5 for the current existing frame rates and 25 for any other possible frame rates. The range is so small that the counter can be easily handled by the UE without occupying too much memory. It is obviously much reasonable than the current agreed value 65536 from both technical and realistic perspective.
Proposal 6: Introduce NSFN with the pre-defined maximum range of 25 to resolve the issue of SFN wrap around.
3. Conclusion
In this contribution, we have made analysis on XR-specific power saving, especially for the DRX enhancements addressing rational number DRX cycles and SFN wrap-around, and shared our views. The following proposals were made:
Rational number DRx cycles
Proposal 1: Short DRX cycle with rational number for XR traffic is not supported and NSFN does not need to be introduced for the formula determining the short DRX cycle.
Proposal 2: Short DRX cycle should not be configured when the long DRX cycle is configured as rational number.
Proposal 3: At least 30/60/90/120 fps are considered for DRX cycle configuration for R18.
Proposal 4: RAN2 to specify the DRX cycle by different fields under a CHOICE structure and specify in the field description the correspondence between different fields and DRX cycles.
SFN wrap around
Proposal 5: Address the issue of DRX config crossing the H-SFN boundary in the current running CR: Use drx-ReferenceSFN to initialize NSFN at the UE side
· When drx-ReferenceSFN is configured and the RRC signalling is received during the first half of the hyper frame, NSFN is initialized to 1; 
· Otherwise, NSFN is initialized to 0.
[bookmark: _GoBack]Proposal 6: Introduce NSFN with the pre-defined maximum range of 25 to resolve the issue of SFN wrap around.
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Annex A: TP for C-DRX enhancements
======================================================CHANGE STARTS==========================================================
38.331 v17.5.0
[bookmark: _Toc60777251][bookmark: _Toc124713195]–	MAC-CellGroupConfig
The IE MAC-CellGroupConfig is used to configure MAC parameters for a cell group, including DRX.
MAC-CellGroupConfig information element
-- ASN1START
-- TAG-MAC-CELLGROUPCONFIG-START

MAC-CellGroupConfig ::=             SEQUENCE {
    drx-Config                          SetupRelease { DRX-Config }                                     OPTIONAL,   -- Need M
    schedulingRequestConfig             SchedulingRequestConfig                                         OPTIONAL,   -- Need M
    bsr-Config                          BSR-Config                                                      OPTIONAL,   -- Need M
    tag-Config                          TAG-Config                                                      OPTIONAL,   -- Need M
    phr-Config                          SetupRelease { PHR-Config }                                     OPTIONAL,   -- Need M
    skipUplinkTxDynamic                 BOOLEAN,
    ...,
    [[
    csi-Mask                            BOOLEAN                                                         OPTIONAL,   -- Need M
    dataInactivityTimer                 SetupRelease { DataInactivityTimer }                            OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    usePreBSR-r16                       ENUMERATED {true}                                               OPTIONAL,   -- Need R
    schedulingRequestID-LBT-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R
    lch-BasedPrioritization-r16         ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    schedulingRequestID-BFR-SCell-r16   SchedulingRequestId                                             OPTIONAL,   -- Need R
    drx-ConfigSecondaryGroup-r16        SetupRelease { DRX-ConfigSecondaryGroup-r16 }                   OPTIONAL    -- Need M
    ]],
    [[
    enhancedSkipUplinkTxDynamic-r16     ENUMERATED {true}                                               OPTIONAL,   -- Need R
    enhancedSkipUplinkTxConfigured-r16  ENUMERATED {true}                                               OPTIONAL    -- Need R
    ]],
    [[
    intraCG-Prioritization-r17          ENUMERATED {enabled}                        OPTIONAL,    -- Cond LCH-PrioWithReTxTimer
    drx-ConfigSL-r17                    SetupRelease { DRX-ConfigSL-r17 }           OPTIONAL,    -- Need M
    drx-ConfigExt-v1700                 SetupRelease { DRX-ConfigExt-v1700 }        OPTIONAL,    -- Need M
    schedulingRequestID-BFR-r17         SchedulingRequestId                         OPTIONAL,    -- Need R
    schedulingRequestID-BFR2-r17        SchedulingRequestId                         OPTIONAL,    -- Need R
    schedulingRequestConfig-v1700       SchedulingRequestConfig-v1700               OPTIONAL,    -- Need M
    tar-Config-r17                      SetupRelease { TAR-Config-r17  }                                OPTIONAL,    -- Need M
    g-RNTI-ConfigToAddModList-r17       SEQUENCE (SIZE (1..maxG-RNTI-r17)) OF MBS-RNTI-SpecificConfig-r17       OPTIONAL,    -- Need N
    g-RNTI-ConfigToReleaseList-r17      SEQUENCE (SIZE (1..maxG-RNTI-r17)) OF MBS-RNTI-SpecificConfigId-r17     OPTIONAL,    -- Need N
    g-CS-RNTI-ConfigToAddModList-r17    SEQUENCE (SIZE (1..maxG-CS-RNTI-r17)) OF MBS-RNTI-SpecificConfig-r17    OPTIONAL,    -- Need N
    g-CS-RNTI-ConfigToReleaseList-r17   SEQUENCE (SIZE (1..maxG-CS-RNTI-r17)) OF MBS-RNTI-SpecificConfigId-r17  OPTIONAL,    -- Need N
    allowCSI-SRS-Tx-MulticastDRX-Active-r17   BOOLEAN                                                           OPTIONAL     -- Need M
    ]],
    [[
    schedulingRequestID-PosMG-Request-r17 SchedulingRequestId                                                   OPTIONAL,    -- Need R
    drx-LastTransmissionUL-r17          ENUMERATED {enabled}                                                    OPTIONAL     -- Need R
    ]] ,
    [[
    drx-ConfigExt-v1800                 SetupRelease { DRX-ConfigExt-v1800 }                                    OPTIONAL     -- Need M
    ]]

}

DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}

MBS-RNTI-SpecificConfig-r17 ::=        SEQUENCE {
    mbs-RNTI-SpecificConfigId-r17          MBS-RNTI-SpecificConfigId-r17,
    groupCommon-RNTI-r17                   CHOICE {
        g-RNTI                                 RNTI-Value,
        g-CS-RNTI                              RNTI-Value
    },
    drx-ConfigPTM-r17                      SetupRelease { DRX-ConfigPTM-r17 }                          OPTIONAL,   -- Need M
    harq-FeedbackEnablerMulticast-r17      ENUMERATED {dci-enabler, enabled}                           OPTIONAL,   -- Need S
    harq-FeedbackOptionMulticast-r17       ENUMERATED {ack-nack, nack-only}                            OPTIONAL,   -- Cond HARQFeedback
    pdsch-AggregationFactor-r17            ENUMERATED {n2, n4, n8}                                     OPTIONAL    -- Cond G-RNTI
}

MBS-RNTI-SpecificConfigId-r17 ::= INTEGER (0..maxG-RNTI-1-r17)

-- TAG-MAC-CELLGROUPCONFIG-STOP
-- ASN1STOP

==========================================================NEXT CHANGE========================================================
–	DRX-Config
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-LongCycleStartOffset-XR-r18         CHOICE {
        ms-100-3                              	INTEGER(0..32),
        ms-50-3                                	INTEGER(0..15),
        ms-100-9                               	INTEGER(0..10),
        ms-25-3                                	INTEGER(0..7)
    },
	drx-ReferenceSFN-r18                	ENUMERATED {true}													  OPTIONAL	-- Need S
}



-- 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-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.

	drx-LongCycleStartOffset-XR
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. ms-100-3 corresponds to 100/3 ms, ms-50-3 corresponds to 50/3 ms, ms-100-9 corresponds to 100/9 ms, ms-25-3 corresponds to 25/3 ms. If configured, the UE shall ignore drx-LongCycleStartOffset.

	drx-ReferenceSFN
Indicates the initialization of E-SFN upon receiving the DRX configuration when drx-LongCycleStartOffset-XR is configured, see TS 38.321 [3], clause 5.7. If the field is not present when drx-LongCycleStartOffset-XR is configured, E-SFN is initialized according to TS 38.321 [3], clause 5.7.



===================================NEXT CHANGE =====================================
38.321 v17.5.0
5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
NOTE 1:	Void
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;
-	drx-LongCycleStartOffset-XR (optional): the Long DRX cycle and drx-StartOffset which defines the subframe where the Long DRX cycle starts;
-	drx-ReferenceSFN (optional): the configuration to indicate how NSFN should be initialized;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;
-	drx-RetransmissionTimerSL (per SL HARQ process): the maximum duration until a grant for SL retransmission is received;
-	drx-HARQ-RTT-TimerSL (per SL HARQ process): the minimum duration before an SL retransmission grant is expected by the MAC entity;
-	ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;
-	ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-	ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-	downlinkHARQ-FeedbackDisabled (optional): the configuration to enable HARQ feedback per DL HARQ process;
-	uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process.
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.
When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5). If this Serving Cell is part of a non-terrestrial network, the Active Time is started after the Scheduling Request transmission that is performed when the SR_COUNTER is 0 for all the SR configurations with pending SR(s) plus the UE-gNB RTT; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).
The following MAC timers are used for DRX operation in a non-terrestrial network:
-	HARQ-RTT-TimerDL-NTN (per DL HARQ process configured with HARQ feedback enabled): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	HARQ-RTT-TimerUL-NTN (per UL HARQ process configured with HARQModeA): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
When DRX is not configured and multicast DRX is configured for a G-RNTI or G-CS-RNTI, the MAC entity shall:
1>	monitor the PDCCH as specified in TS 38.213 [6];
1>	if a MAC PDU is received in a configured downlink assignment for unicast; or
1>	if the PDCCH indicates a DL unicast transmission:
2>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process.
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment for unicast:
2>	if this Serving Cell is configured with downlinkHARQ-FeedbackDisabled:
3>	if the corresponding HARQ process is configured with HARQ feedback enabled:
4>	set HARQ-RTT-TimerDL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerDL plus the latest available UE-gNB RTT value;
4>	start the HARQ-RTT-TimerDL-NTN for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
2>	else:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback.
NOTE 1a:	Void.
NOTE 1b:	Void.
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	stop the drx-RetransmissionTimerDL-PTM for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers:
2>	if this Serving Cell is configured with uplinkHARQ-Mode:
3>	if the corresponding HARQ process is configured as HARQModeA:
4>	set HARQ-RTT-TimerUL-NTN for the corresponding HARQ process equal to drx-HARQ-RTT-TimerUL plus the latest available UE-gNB RTT value;
4>	if drx-LastTransmissionUL is configured:
5>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.
4>	else:
5>	start the HARQ-RTT-TimerUL-NTN for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
2>	else:
3>	if drx-LastTransmissionUL is configured:
4>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the last transmission (within a bundle) of the corresponding PUSCH transmission.
3>	else:
4>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission.
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process at the first transmission (within a bundle) of the corresponding PUSCH transmission.
1>	if a MAC PDU is transmitted in a configured sidelink grant:
2>	if the PUCCH resource is configured:
3>	start the drx-HARQ-RTT-TimerSL for the corresponding HARQ process in the first symbol after the end of the corresponding PUCCH transmission carrying the SL HARQ feedback; or
3>	start the drx-HARQ-RTT-TimerSL for the corresponding HARQ process in the first symbol after the end of the corresponding PUCCH resource for the SL HARQ feedback when the PUCCH is not transmitted;
3>	stop the drx-RetransmissionTimerSL for the corresponding HARQ process.
2>	else:
3>	start the drx-HARQ-RTT-TimerSL for the corresponding HARQ process at the first symbol after the end of the corresponding PSSCH transmission;
3>	stop the drx-RetransmissionTimerSL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a HARQ-RTT-TimerDL-NTN expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of HARQ-RTT-TimerDL-NTN.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a HARQ-RTT-TimerUL-NTN expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of HARQ-RTT-TimerUL-NTN.
1>	if a drx-HARQ-RTT-TimerSL expires:
2>	if a HARQ NACK feedback for the corresponding HARQ process is transmitted on PUCCH; or
2>	if a HARQ NACK feedback for the corresponding HARQ process is generated but not transmitted on PUCCH; or
2>	if the PUCCH resource is not configured for the SL grant:
3>	start the drx-RetransmissionTimerSL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerSL.
NOTE 1c:	The UE handles the drx-RetransmissionTimerSL operation when sl-PUCCH-Config is configured by RRC but PUCCH resource is not scheduled same as when sl-PUCCH-Config is not configured.
1>	if a DRX Command MAC CE indicated by PDCCH addressed to C-RNTI or CS-RNTI, or by a configured downlink assignment for unicast transmission or a Long DRX Command MAC CE is received:
[bookmark: _Hlk49354090]2>	stop drx-onDurationTimer for each DRX group;
2>	stop drx-InactivityTimer for each DRX group.
1>	if drx-InactivityTimer for a DRX group expires:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for this DRX group in the first symbol after the expiry of drx-InactivityTimer;
3>	use the Short DRX cycle for this DRX group.
2>	else:
3>	use the Long DRX cycle for this DRX group.
1>	if a DRX Command MAC CE indicated by PDCCH addressed to C-RNTI or CS-RNTI, or by a configured downlink assignment for unicast transmission is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for each DRX group in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX cycle for each DRX group.
2>	else:
3>	use the Long DRX cycle for each DRX group.
1>	if drx-ShortCycleTimer for a DRX group expires:
2>	use the Long DRX cycle for this DRX group.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer for each DRX group;
2>	use the Long DRX cycle for each DRX group.
1>	if drx-LongCycleStartOffset-XR is configured:
2>	if drx-ReferenceSFN is configured and the DRX configuration is received before the frame with SFN = 512:
3>	initilize NSFN with 1.
2>	else:
3>	initialize NSFN with 0.
2>	if the SFN wraps around:
3>	increment NSFN by one;
3>	NSFN = NSFN mod 25.
1>	else:
2>	NSFN = 0.
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 floor ([(NSFN × 1024 + (SFN) × 10) + subframe number] modulo (drx-LongCycle)) = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	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
3>	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
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
=======================================CHANGE ENDS=================================
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