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1 Introduction
[bookmark: _Hlk61519723]SI of Network energy saving (RP-213554) was agreed in RAN#94e [1]. The related SID objectives involving RAN2 are summarized below.
1. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
In RAN2#119-e [2], multiple identified Network Energy Saving (NES) solutions were discussed and continued in post-meeting email discussion [3]. Based on company input, the Rapporteur summary proposal is:Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.

Among all these identified solutions, NW DTX / DRX and cell (re)selection get majority support (15 Yes vs 3 No). And only NW DTX / DRX can be applied to all RRC states (including RRC_IDLE / RRC_INACTIVE / RRC_CONNECTED). In this contribution, we share our view on NW DTX / DRX. Cell (re)selection and SSB-less solutions are discussed in our companion contribution [4]. And group CHO and BWP adaptation solutions are discussed in our companion contribution [5].
2 Discussion 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	Configure DRX in a UE-group or cell-specific manner, so that DTX at the gNB can be applied and aligned.

	Scenario
	Single-carrier, multi-carrier; UEs in all states

	NES gain
	Reduce the always-on transmission/monitoring

	Impact to legacy Ues
	Current spec already allows DRX, where legacy Ues can only be configured by per-UE signalling.

	UE assistance info candidates
	short-term traffic characteristic/status etc. FFS preferred DRX/DTX pattern

	RAN2 impact
	Current spec already allows configuring same DRX configuration for Ues.
FFS UE behaviour during NW DRX/DTX on/off duration, NW expected behaviour/ NES state during NW DRX/DTX on/off duration.



This solution gets majority support (15 Yes vs 3 No) during the email discussion. What's more, it is within RAN2 expertise. Thus, we think RAN2 prioritize the study of NW DTX / DRX and lead its discussion in Network energy saving.
Proposal 1: RAN2 prioritize the study of NW DTX / DRX and lead the discussion in Rel-18 SI of Network energy saving.
First, during post-meeting email discussion, there were some concerns raised on whether current UE CDRX is sufficient (i.e. leave alignment of DRX pattern to gNB implementation), we think it is not sufficient:
1) NW DTX/DRX is also applied to IDLE/INACTIVE state while CDRX is only for CONNECTED state. 
2) NW DTX/DRX includes also TX behaviour while UE CDRX includes only RX behaviours. 
We suggest RAN2 to confirm above understanding.
Proposal 2: RAN2 confirm that NW DTX/DRX is necessary to be introduced for Network energy saving:
1) NW DTX/DRX is also applied to IDLE/INACTIVE state while CDRX is only for CONNECTED state. 
2) NW DTX/DRX includes also TX behaviour while UE CDRX includes only RX behaviours. 
To support UEs in all RRC states, we think it is straight forward that a cell specific ON-OFF pattern can be broadcast in SIB for IDLE / INACTIVE UE to apply it. And the NES capable CONNECTED UEs also apply the cell specific ON-OFF pattern (i.e. NW DRX/DTX) in SIB unless UE or UE group dedicated signaling is received to change the ON-OFF pattern. The details of UE or UE group dedicated signaling can be FFS. 
Proposal 3: gNB can broadcast a cell specific periodic ON-OFF pattern (i.e. NW DTX / DRX) in SIB for NES capable IDLE / INACTIVE UE. 
Proposal 4: The NES capable CONNECTED UEs apply the cell specific ON-OFF pattern (i.e. NW DTX/DRX) in SIB which can be changed to another ON-OFF pattern if UE or UE group dedicated signaling is received. FFS The details of UE or UE group dedicated signaling.
Next, we think it is necessary to discuss expected DTX and DRX behaviours during the cell specific ON and OFF durations, similar to UE CDRX. In our understanding, DTX and DRX behaviours discussed in RAN1 and post-meeting email discussion [3] are gNB behaviour. Although 3GPP generally don't specify gNB behaviour, we think it is necessary for RAN2 to discuss the expected gNB DTX and DRX behaviours during NW DRX/DTX OFF duration. This is for clarification purpose, and RAN2 should specify corresponding UE behaviour based on clarified gNB expected behaviour.     
Proposal 5: Although 3GPP generally don't specify gNB behavior, RAN2 discuss the expected gNB DTX and DRX behaviors during NW DTX/DRX OFF duration, and then specify corresponding UE behavior based on clarified gNB expected behavior.   
With regarding to details of expected gNB DTX and DRX behaviors, we think one particular gNB DTX/DRX behavior can include expected transmission / reception from both data traffic and reference signals. Depending on different data/RS TX/RX types, we can take below examples on different expected gNB DTX/DRX behaviors:
· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.
· Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).
· Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).
Proposal 6: RAN2 discuss expected gNB DTX / DRX behavior with details of different TX / RX types:
· Expected dynamic transmission / reception of data traffic (e.g. DG-PDSCH, DG-PUSCH, PDCCH)
· Expected periodic / semi-periodic transmission / reception of data traffic (e.g. SPS, CG-PUSCH)
· Expected periodic / semi-periodic transmission / reception of reference signals (e.g. SR, RACH)
Furthermore, we think the above different expected gNB DTX / DRX behaviors can be associated to different NES states. As far we know, RAN1 is discussing multiple NES states for flexibility. Similarly, multiple expected gNB DTX / DRX behaviors may be allowed.   
Observation 1: For flexibility consideration, RAN1 is discussing multiple NES states where each NES state is associated to different gNB DTX / DRX behaviors.  
Proposal 7: RAN2 discuss whether to allow multiple expected gNB DTX and DRX behaviors during NW DRX / DTX OFF duration which are associated with different NES states.
Finally, we discuss UE assistance information related to NW DTX / DRX. In existing UAI message, preferred CDRX pattern is specified:
Existing preferred CDRX pattern specifeid in TS 38.331

UEAssistanceInformation-v1610-IEs ::= SEQUENCE {
    idc-Assistance-r16                  IDC-Assistance-r16                  OPTIONAL,
    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releasePreference-r16               ReleasePreference-r16               OPTIONAL,
    sl-UE-AssistanceInformationNR-r16   SL-UE-AssistanceInformationNR-r16   OPTIONAL,
    referenceTimeInfoPreference-r16     BOOLEAN                             OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v1700-IEs   OPTIONAL
}
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
}

In our understanding, it is another form of short traffic characteristic. 
Observation 2: TS 38.331 has specified UE preferred CDRX pattern as one UE assistance information, which is another form of short traffic characteristic.   
Since preferred CDRX pattern is already specified, we suggest to use the similar way for NW DTX/DRX.
Proposal 8: UE can send assistance information to notify gNB its preferred NW DTX / DRX pattern similar to existing CDRX. FFS signaling details of the assistance information. FFS whether other information needs to be included in the assistance information.
3 Conclusion
In this contribution, we share our views on NW DTX / DRX. Our observations are:
Observation 1: For flexibility consideration, RAN1 is discussing multiple NES states where each NES state is associated to different gNB DTX / DRX behaviors.  
Observation 2: TS 38.331 has specified UE preferred CDRX pattern as one UE assistance information, which is another form of short traffic characteristic.   

Based on observations, our proposals are:
Proposal 1: RAN2 prioritize the study of NW DTX / DRX and lead the discussion in Rel-18 SI of Network energy saving.
Proposal 2: RAN2 confirm that NW DTX/DRX is necessary to be introduced for Network energy saving:
1) NW DTX/DRX is also applied to IDLE/INACTIVE state while CDRX is only for CONNECTED state. 
2) NW DTX/DRX includes also TX behaviour while UE CDRX includes only RX behaviours. 
Proposal 3: gNB can broadcast a cell specific periodic ON-OFF pattern (i.e. NW DTX / DRX) in SIB for NES capable IDLE / INACTIVE UE. 
Proposal 4: The NES capable CONNECTED UEs apply the cell specific ON-OFF pattern (i.e. NW DTX/DRX) in SIB which can be changed to another ON-OFF pattern if UE or UE group dedicated signaling is received. FFS The details of UE or UE group dedicated signaling.
Proposal 5: Although 3GPP generally don't specify gNB behavior, RAN2 discuss the expected gNB DTX and DRX behaviors during NW DTX/DRX OFF duration, and then specify corresponding UE behavior based on clarified gNB expected behavior.   
Proposal 6: RAN2 discuss expected gNB DTX / DRX behavior with details of different TX / RX types:
· Expected dynamic transmission / reception of data traffic (e.g. DG-PDSCH, DG-PUSCH, PDCCH)
· Expected periodic / semi-periodic transmission / reception of data traffic (e.g. SPS, CG-PUSCH)
· Expected periodic / semi-periodic transmission / reception of reference signals (e.g. SR, RACH)
Proposal 7: RAN2 discuss whether to allow multiple expected gNB DTX and DRX behaviors during NW DRX / DTX OFF duration which are associated with different NES states.
Proposal 8: UE can send assistance information to notify gNB its preferred NW DRX / DTX pattern similar to existing CDRX. FFS signaling details of the assistance information. FFS whether other information needs to be included in the assistance information.
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