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1. Introduction
In R18 new XR SI [1], the following objective is proposed:

Objectives on XR-specific Power Saving (RAN1, RAN2):

· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:

· C-DRX enhancement.

· PDCCH monitoring enhancement.

In this paper, we would like to discuss CDRX enhancements for XR.
2. Background for CDRX

In R15, the DRX is configured common for all data and the parameters to decide the DRX pattern includes: drx-onDurationTimer, drx-LongCycleStartOffset, drx-SlotOffset. The drx-LongCycleStartOffset is in number of ms and drx-SlotOffset can be used to move the DRX duration to align with slot boundary from subframe boundary. 
drx-InactivityTimer is in number of ms.

The drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/ drx-RetransmissionTimerUL are HARQ process related DRX parameters and they are in number of slots.
	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)

}


Observation 1a: The drx-LongCycleStartOffset and drx-InactivityTimer is in number of ms and drx-SlotOffset can be used to move the DRX duration to align with slot boundary from subframe boundary. drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/ drx-RetransmissionTimerUL are HARQ process related DRX parameters and they are in number of slots.
Observation 1b: HARQ process related DRX parameters including drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/ drx-RetransmissionTimerUL are configured per MAC entity and same regardless the concerned the service type of the data.
Currently, the SPS/CG during DRX inactive time can be used for data reception and transmission considering latency sensitive service without compromise UE’s power consumption.
For some delay tolerant service transmitted in SPS/CG, it is possible to make data transmission/reception in DRX active time for UE power saving purpose.
Observation 2: The SPS/CG during DRX inactive time can be used for data reception and transmission considering latency sensitive service without compromise UE’s power consumption in R15.
In R16, dual DRX are introduced for FR1 and FR2, i.e. shorter cDRX parameter values in FR2 can improve the power consumption in FR2. However, only drx-onDurationTimer and drx-InactivityTimer parameters are configured seperated and other DRX parameters are same in the two DRX.
	DRX-ConfigSecondaryGroup ::=       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}

}


Observation 3: Secondary DRX are introduced for power saving purpose and only drx-onDurationTimer and drx-InactivityTimer parameters are configured separated from primary DRX in R16.
In R16 power saving WI, the UE can report the DRX parameters UE preferred in UEAssistanceInformation message to aid the network to configure the DRX parameters for UE power saving. The UE can report the following parameters: preferredDRX-InactivityTimer, preferredDRX-LongCycle, preferredDRX-ShortCycle and preferredDRX-ShortCycleTimer.
	DRX-Preference-r16 ::=              SEQUENCE {

    preferredDRX-InactivityTimer-r16    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} OPTIONAL,

    preferredDRX-LongCycle-r16          ENUMERATED {

                                            ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512,

                                            ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240, spare12, spare11, spare10,

                                            spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 } OPTIONAL,

    preferredDRX-ShortCycle-r16         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 } OPTIONAL,

    preferredDRX-ShortCycleTimer-r16    INTEGER (1..16)    OPTIONAL
}


Observation 4: The UE can report the DRX parameters UE preferred in UEAssistanceInformation message to aid the network to configure the DRX parameters for UE power saving in R16.
In R17 MBS, the multiple MBS DRXes can be configured per G-RNTI and theses MBS DRXes are performed independently each other and also independent from unicast DRX. Furthermore, the DRX parameters for each MBS DRX are also configured separately, i.e. no shared DRX parameters configuration between any MBS DRX in RRC signalling.
Observation 5: Multiple MBS DRXes can be configured per G-RNTI separately and the multiple MBS DRXes are independent from each other and also independent from unicast DRX in R17.
3. Discussion on CDRX enhancement for UE power saving
In LTE, the HARQ RTT timer is specified in specification and the HARQ RTT timer can be configured by RRC signalling in NR and the DL RTT timer and UL RTT timer can be configured separately. In LTE, the retransmission timer is configured in RRC signalling for both DL reception and UL transmission. In NR, the retransmission timer for DL and UL can be configured in RRC separately.
Currently in NR, the HARQ related DRX parameters are configured in RRC signalling and the same HARQ related DRX parameters will be used across all HARQ processes regardless the current TB is for delay sensitive service or delay tolerant service. 
If the current TB is for delay tolerant service, the HARQ RTT timer can be longer to delay starting retransmission timer and to make the starting of retransmission timer overlap with DRX on duration period as much as possible for UE power saving purpose.
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If the current TB is delay sensitive service or has strict PDB requirement, the network or UE expects quick HARQ feedback and quick retransmission. So DRX RTT timer and DRX retransmission timer can be shorter than other data.
Proposal 1: The HARQ related DRX parameters, i.e. DRX RTT timer and DRX retransmission timer can be specified per data in DCI for UE power saving.
When UE receive DCI for new DL reception or UL transmission, the UE will start drx-InactivityTimer for DL PDSCH reception and UL PUSCH transmission. Currently, the DRX drx-InactivityTimer parameter is configured in RRC signalling and always same value for each DCI for DL and UL. So the network can change the value of drx-InactivityTimer according to the actual DL assignment and UL grant in DCI.
Proposal 2: The network can change the value of drx-InactivityTimer according to the actually DL assignment and UL grant in DCI for UE power saving.
Currently, the SPS/CG during DRX inactive time can be used for data reception and transmission considering latency sensitive service without compromise UE’s power consumption and this point was discussed online in R15.
The allowedCG-List in LogicalChannelConfig IE indicates that UL MAC SDUs from this logical channel can only be mapped to the indicated configured grant configuration. From UE power saving perspective, if the CG is used for latency tolerant service, it is not necessary to make the UE to perform the data transmission on the CG during DRX inactive time.
Proposal 3: It propose to configure an indication per SPS/CG to indicate whether the SPS/CG can perform reception/transmission during DRX inactive time for UE power saving.
In R16, dual DRX are introduced for FR1 and FR2, i.e. shorter cDRX parameter values in FR2 can improve the power consumption in FR2. However, we can not see the necessary to introduce more than one DRX for FR1 or for FR2. In R16 power saving WI, the UE can report the DRX parameters UE preferred in UEAssistanceInformation message to aid the network to configure the DRX parameters for UE power saving. However, the UE can only report one DRX preference in UAI and it is also not clear it is for primary DRX or secondary DRX. If dual DRXes are configured, it is better to report the DRX preference for primary DRX and secondary DRX separately in UAI.
Proposal 4: No need to introduce multiple DRX and current dual DRX for FR1 and FR2 is enough.
Proposal 5: The UE can report DRX assistance information to network in UAI to aid network to configure the DRX for UE power saving for primary DRX and secondary DRX separately and R16 DRX-Preference reporting in UAI is baseline.
4. Discussion on CDRX enhancement to meet the period of XR service

In [1], it indicates that the DRX should be enhanced considering the XR service: (i) the non-integer XR traffic periodicity, (ii) variable XR data rate and (iii) quasi-periodic XR periodicity, hence enhancements would be beneficial in this area.
Many of the end user XR and CG devices are expected to be mobile and of small-scale, thus having limited battery power resources. Therefore, additional power enhancements may be needed to reduce the overall UE power consumption when running XR and CG services and thus extend the effective UE battery lifetime. It is understood that the current DRX configurations do not fit well for (i) the non-integer XR traffic periodicity, (ii) variable XR data rate and (iii) quasi-periodic XR periodicity, hence enhancements would be beneficial in this area. 

Considering quasi-periodic XR periodicity (e.g. 8.33ms, 11.11ms, 16.66 ms) and delay requirement of the XR, it is better that the DRX periodicity aligns with the quasi-periodic XR periodicity. However, the unit for DRX cycle are “ms” and the configurable values of DRX long cycle are 10, 20, 32, 40 ms, etc, and 2, 3, 5, 6, 7, 8, 10, 14, 16, 20, 30 ms, etc for short DRX cycle. It is too coarse and it cannot meet the service period of XR, e.g. XR service period (8.33ms, 11.11ms, 16.66ms), i.e. 60.90.120 fps. 
In NR, various numerologies are supported compared with LTE and slot length is different based on different SCS. So, the unit of DRX cycle can be based on slot numbers instead of number of ms.
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Proposal 6: RAN2 is kindly asked to discuss the feasibility to configure DRX cycle with number of slots.
Considering the non-integer XR traffic periodicity (with jitter), drx-SlotOffset can be used to move the DRX duration to align with slot boundary from subframe boundary and the value of drx-SlotOffset can be changed dynamically controlled by network. 

Considering variable XR data rate, the legacy long DRX cycle and short DRX cycle can be used. In order to make the long-short DRX switching more dynamic and meet the XR data rate change, the timer drx-ShortCycleTimer can be changed without RRC signalling.

Proposal 7: The following DRX parameters drx-SlotOffset, drx-ShortCycleTimer can be changed without RRC signalling.
5. Conclusions

Based on the discussion above, there are following observations on the current DRX operation:
Observation 1a: The drx-LongCycleStartOffset and drx-InactivityTimer is in number of ms and drx-SlotOffset can be used to move the DRX duration to align with slot boundary from subframe boundary. drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/ drx-RetransmissionTimerUL are HARQ process related DRX parameters and they are in number of slots.

Observation 1b: HARQ process related DRX parameters including drx-HARQ-RTT-TimerDL/ drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL/ drx-RetransmissionTimerUL are configured per MAC entity and same regardless the concerned the service type of the data.

Observation 2: The SPS/CG during DRX inactive time can be used for data reception and transmission considering latency sensitive service without compromise UE’s power consumption in R15.
Observation 3: Secondary DRX are introduced for power saving purpose and only drx-onDurationTimer and drx-InactivityTimer parameters are configured separated from primary DRX in R16.
Observation 4: The UE can report the DRX parameters UE preferred in UEAssistanceInformation message to aid the network to configure the DRX parameters for UE power saving in R16.
Observation 5: Multiple MBS DRXes can be configured per G-RNTI separately and the multiple MBS DRXes are independent from each other and also independent from unicast DRX in R17.
Based on above observations on the current DRX operation and XR requirements, we propose:

Proposal 1: The HARQ related DRX parameters, i.e. DRX RTT timer and DRX retransmission timer can be specified per data in DCI for UE power saving.
Proposal 2: The network can change the value of drx-InactivityTimer according to the actually DL assignment and UL grant in DCI for UE power saving.
Proposal 3: It propose to configure an indication per SPS/CG to indicate whether the SPS/CG can perform reception/transmission during DRX inactive time for UE power saving.

Proposal 4: No need to introduce multiple DRX and current dual DRX for FR1 and FR2 is enough.
Proposal 5: The UE can report DRX assistance information to network in UAI to aid network to configure the DRX for UE power saving for primary DRX and secondary DRX separately and R16 DRX-Preference reporting in UAI is baseline.

Proposal 6: RAN2 is kindly asked to discuss the feasibility to configure DRX cycle with number of slots.

Proposal 7: The following DRX parameters drx-SlotOffset, drx-ShortCycleTimer can be changed without RRC signalling.
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