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 The work item on Further NR energy saving was approved as in the WID [1].  The following items are listed as RAN1 specific work:
--------------
Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
--------------
In this contribution, we discuss about potential items for DTX/DRX enhancements based on the discussion during the study item. In the TR 38.364, as potential RAN1 specification impacts, the following aspects are listed:
----------------
Specification impact of the technique may include:
-	design of cell DTX/DRX pattern/timers/parameters/procedure, if needed,
-	configuration and indication of cell DTX/DRX information to UE, if needed and applicable,
-	UE behavior and procedures when cell DTX/DRX is in operation and/or when UE DRX is configured, if needed,
-	potential channel/signal design and mechanism and uplink procedure (e.g., UE request or assistance feedback) related to cell DTX/DRX,
-	enhancements to UE DRX configuration
-	enhancements to UE DRX parameter adaptation.
-----------------

In RAN1#112 meeting, the following proposals were agreed related with cell DTX/DRX:

Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded

Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded
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Discussion on Cell DTX/DRX
As per the offline discussion in RAN1 #112 meeting, there were multiple options about signaling perspective:
1) Signaling granularity of the cell DTX/DRX functionality or associated behavior to RAN1 specification:
· Option 1) no explicit signaling
· Option 2) UE-specific signaling
· Option 3) Cell-specific signaling
2) Signaling type of the cell DTX/DRX functionality or associated behavior to RAN1 specification assuming signaling is needed:
· L1 signaling (e.g. DCI)
· MAC CE
· RRC
· other

Since Cell DTX/DRX is operated while aligning ON/OFF duration with UE C-DRX mechanism, configurability of the Cell DTX/DRX should be finer than the one with UE C-DRX to guarantee the alignment. As the UE C-DRX can be operated in UE group level configurability, Cell DTX/DRX should have at least UE group or finer level of the configurability. From gNB perspective, UE group level configuration means multiple cell-specific configuration(s) depending on the UE’s QoS requirements. Hence, Cell DTX/DRX signaling can be done in a cell-specific manner. In addition, to guarantee e.g., latency requirement of the users, UE-specific signaling to allow special handling depending on UE’s QoS will be beneficial. Therefore, UE-specific signaling can be considered. 
In terms of the signaling types, as explained, cell specific RRC signaling is useful to keep alignment with UE C-DRX in terms of semi-static configuration. In addition, to satisfy latency reduction requirement to satisfy UE QoS, UE-specific or group-common L1 signaling can be supported. As an essential part, UE specific L1 signaling can be considered. As the further enhancement for efficient signaling, group common signaling can be considered.

To summarize the discussion above, in our opinion, multiple solutions can be considered:
Solution 1) RRC configuration
Solution 2) Semi-static RRC + dynamic L1 signaling

From perspective of the simplicity of the specification, solution 1 will have minimum impact on the specification. However, from RAN1 perspective, since dynamic adaptation of DTX/DRX is not possible in this solution, it is necessary to study degradation in terms of e,g., latency. Second, in case of solution 2, cell-wise static/semi-static configuration regarding cell DTX/DRX is provided in RRC to reduce the number of indications in L1 while for UEs which require low latency, dynamic indication of the additional TX/RX resources is provided. 
Since the RRC/MAC CE signaling perspective is studied in RAN2, as agreed in RAN1#112 meeting, RAN1 can focus on the necessity of L1 signaling. However, to confirm the necessity of additional indication by L1 signaling, assumption on signaling granularity of the RRC signaling is necessary. From our perspective, as explained, RRC signaling is used to indicate cell-specific, semi-static cell DTX/DRX timing over UEs while additional UE/UE-group specific configuration is done in dynamic L1 signaling.

Observation 1
Based on the agreement of the study scope in RAN1#112, RAN1 aim is Semi-static RRC + dynamic L1 signaling.
Observation 2
Interaction between cell DTX/DRX and UE DRX can be realized based on configuration alignment without any special functionality.
Proposal 1
As signaling types to configure cell DTX/DRX, discuss further about combination of static/semi-static signaling via RRC and dynamic signaling via L1 signaling.
Proposal 2
In case that dynamic signaling is supported, RRC signaling can be cell-specific or group common.

Regarding channels/signals to drop during non-active period in cell DTX/DRX, the signals/channels that are related with delay should not be considered as further candidate to drop. In addition, as clearly stated in the WID, any harmful impact on the legacy devices should be avoided. 
 In that sense, SSB transmission alignment, which was discussed in SI phase, should not be considered as it impacts legacy UEs’ SSB reception. Similarly, SIB1, SIB2, Paging signals should not be the further candidates to drop for network energy saving. For uplink signals, initial RACH greatly impact the initial access delay. Therefore, initial RACH signal should not be also impacted by cell DTX/DRX.
 At the same time, e.g., for time sensitive positioning use cases, PRS dropping may affect positioning delay. In such cases, dynamic indication of the additional PRS signal transmission during non active period. Hence, for some signals/channels, it may be necessary to enable adaptive allocation of the transmission timing.

[bookmark: _Hlk131780007]Proposal 3
At least, SSB, SIB1/2, Paging, RACH should not be dropped to avoid any impact to legacy UEs. These channels should not be considered as the further target of dropped channels.

Proposal 4
Dropped channel/signals can be dynamically configured for NES UEs when it is necessary to use to satisfy their QoS, if necessary.

Discussion on the necessity of the coordination with UE C-DRX
Enhancement of the UE C-DRX to consider network resource alignment is discussed in this section. 

Configuration of DRX
Since NES capable and NES non-capable UEs can coexist in NES cell in general, for specification, coexisting scenario should be assumed to evaluate the actual standard modification. In DTX/DRX alignment, by aligning DTX/DRX timing as many as possible among served UEs, it tries to maximize the duration in which gNB can switch to low power operation modes.
Due to the coexisting scenario, it is essential to align DRX parameters among NES capable and non-capable UEs to maximize the number of unused slots. To realize this, at least configurable parameters for DRX should be common among NES capable and non-NES capable UEs.
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The parameter ranges, granularity of DRX related operations for NES can be same as legacy UEs to avoid any impact.
Proposal 5
Configurable range of the enhanced DTX/DRX parameters should be within the range of legacy DTX/DRX parameters in Rel-17. 

In nature, required transmit periodicity for C-DRX cycle is different depending on the required latency. Therefore, more than one DRX configuration may be required to satisfy different QoS requirement. The detail of how to correlate QoS with DRX configuration should be up to RAN2 discussion. 

Proposal 6
NES applicable UE can be configured for enhanced DRX mode, by defining new DRX Group. 
Proposal 7
Multiple DRX groups can be configured to satisfy different QoS requirements.
Proposal 8
At this moment, there is no significant necessity to define additional functionality relevant to RAN1 to coordinate between cell DTX/DRX and UE C-DRX.


Conclusion
Observation 1
Based on the agreement of the study scope in RAN1#112, RAN1 aim is Semi-static RRC + dynamic L1 signaling.
Observation 2
Interaction between cell DTX/DRX and UE DRX can be realized based on configuration alignment without any special functionality.
Proposal 1
As signaling types to configure cell DTX/DRX, discuss further about combination of static/semi-static signaling via RRC and dynamic signaling via L1 signaling.
Proposal 2
In case that dynamic signaling is supported, RRC signaling can be cell-specific or group common.
Proposal 3
At least, SSB, SIB1/2, Paging, RACH should not be dropped to avoid any impact to legacy UEs. These channels should not be considered as the further target of dropped channels.
Proposal 4
Dropped channel/signals can be dynamically configured for NES UEs when it is necessary to use to satisfy their QoS, if necessary.
Observation 3
The parameter ranges, granularity of DRX related operations for NES can be same as legacy UEs to avoid any impact.
Proposal 5
Configurable range of the enhanced DTX/DRX parameters should be within the range of legacy DTX/DRX parameters in Rel-17. 
Proposal 6
NES applicable UE can be configured for enhanced DRX mode, by defining new DRX Group. 
Proposal 7
Multiple DRX groups can be configured to satisfy different QoS requirements.
Proposal 8
At this moment, there is no significant necessity to define additional functionality relevant to RAN1 to coordinate between cell DTX/DRX and UE C-DRX.
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