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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The agreements made during RAN1#114 [1], on the DCI format 2_X and the UE behavior during cell DTX/DRX operation, are provided in the Appendix.
This contribution discusses the remaining aspects associated with the UE behavior for 
· reception of DCI format 2_X
· reception of DL signals/channels during cell DTX
Discussion
The Cell DTX/DRX mechanism allows the gNB to operate in reduced downlink transmission and and uplink reception activity by informing the UE on whether/when the cell DTX/DRX is activated and deactivated. When receiving the DCI format 2_X indicating the activation/deactivation of cell DTX/DRX, the UE behavior can be adapted (e.g. on which signals/channels can be transmitted or received) in alignment with the cell DTX/DRX configuration.   
[bookmark: _Hlk127093786]UE behavior for reception of DCI format 2_X
In RAN1#114 [1], an agreement was made for introducing an application delay that is applied after the reception of the DCI Format 2_X that activates/deactivates a cell DTX/DRX configuration. The values of the application delay D in terms of the number of slots for different SCS were also agreed.  
Although the past agreements clarify the UE behavior regarding the application delay, one aspect remains to be discussed is the UE behavior for receiving the DCI format 2_X when CDRX is configured. Our understanding is, if the UE is configured with CDRX, the UE can receive the DCI format 2_X during the CDRX active time (e.g. when DRX ON duration timer and inactivity timer are running). Upon receiving the DCI, the UE can assume the behavior associated with the cell DTX/DRX configuration from the first slot onwards after the application delay. 
[bookmark: _Hlk142469951]After cell DTX/DRX is activated (e.g. via RRC or DCI), the UE is not expected to monitor PDCCH for the DCI format 2_X indicating deactivation of cell DTX/DRX during the cell DTX non-active periods or CDRX non-active time. Since the gNB is aware of how the CDRX may be aligned with the cell DTX/DRX periods, the gNB can ensure that the deactivation indication in the DCI is received only during the CDRX active time and cell DTX active periods. Any behavior associated with the deactivation of cell DTX/DRX is expected to start only after the application delay D.    
Proposal 1: UE is not expected to monitor PDCCH for detecting DCI format 2_x during the CDRX non-active time and during the cell DTX non-active period (e.g. if cell DTX configuration is activated)
Another issue to be discussed is on handling of CG bundle transmission during cell DRX. This issue was listed as one of the NES open issues for MAC [2] with potential RAN1 inputs. As per the previous agreements in RAN2#121-bis [3], the CG is not indicated to the HARQ entity if it does not overlap with the cell DRX active period. The issue raised in RAN2 is regarding the transmisison of repetitions (when configured) with a CG bundle during cell DRX, where some of the CG PUSCH occasions may overlap with cell DRX active period and others in the cell DRX non-active period. The previous RAN2 agreement on not transmitting on CG during non-active period was general for all transmissions and did not differentiate between the CG configured with repetitions and no repetitions. For addressing this issue, the following two options can be considered:
· Option 1: UE transmits only a subset of the repetitions with CG that do not overlap with non-active period
· Option 2: UE transmits the repetition with CG only if the whole bundle falls within the active period  
Although Option 1 allows partial transmissions with CG bundle that overlap with the cell DRX active period, there may be issues during HARQ decoding when the certain RVs (e.g. RV0) are dropped due to overlap with non-active period and hence, not preferred. From a HARQ and channel coding perspective, it’s important that the RV0 is included in the transmission bundle, as it has more systematic bits. In this case, our preference is Option 2 since it avoids any wasteful transmissions with CG bundle configured with repetitions. 
Proposal 2: UE transmits the repetitions in CG bundle only if the whole bundle overlaps with cell DRX active period     
UE behavior for reception of DL signals/channels during cell DTX 
In the past meetings (RAN1#112bis-e [4], RAN1#114 [1]) the following signals and channels were agreed not to be received in DL or transmitted in UL during the non-active periods of cell DTX/DRX:
· DL
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· PDCCH for dynamic grants/assignments 
· SPS-PDSCH 
· PDSCH for new transmisisons
· PDCCHs associated with DCI format 2_0 – DCI Format 2_5
· UL
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· SR
· CG-PUSCH
· DG-PUSCH for new transmisisons   
Other UL signals/channels such as HARQ-ACK of SPS PDSCH and SRS for positioning were agreed or concluded in RAN1#114 not to be impacted by cell DTX/DRX operation.   
In this section, we discuss the following DL signals/channels and the corresponding UE behavior during the non-active periods of cell DTX/DRX:
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· PRS

Regarding DL reference signals such as periodic CSI-RS for tracking and BM, similar to the periodic/semi-persistent CSI-RS configured in CSI-ReportConfig, it is reasonable to assume that for maximizing energy savings the network does not transmit the CSI-RS and hence, the UE does not perform CSI-RS measurements during cell DTX non-active periods. Since the CSI-RS for RRM, RLM and BFD can be UE-specific and are not shared with legacy UEs, the UE is not expected to perform measurements during cell DTX non-active periods. It is important to note that such assumption may apply during the middle of the cell DTX non-active periods, rather than the symbols/slots when the synchronization RS may be transmitted just before the start of CDRX active time. It may still be necessary for the UE to perform synchronization and channel measurements, e.g. to get the PDCCH BLER to the right range, before the start of the CDRX active time. The UE and network can align the CSI-RS measurement occasions to the active periods of cell DTX, upon receiving the new DCI format indicating the activation of the cell DTX during CDRX active time. 
In scenarios when the non-active duration of cell DTX is long, there is a possibility for the UE measurement quality of CSI-RS (e.g., for RRM, RLM, BFD) could go below the RAN4 requirements. To address this, some exception in the form of relaxation to the measurement requirement can be considered when the configured cell DTX duration is longer than a threshold. For example, the UE can be configured with two different measurement requirements, and the requirements to apply can depend on cell DTX configuration parameters such as periodicity and length of non-active duration.
[bookmark: _Hlk127534704]Proposal 3: UE is not expected to measure periodic/semi-persistent CSI-RS (for tracking, BM, RLM and BFD) during non-active periods of cell DTX
The PRS resource configuration can be common for multiple UEs and is provided to the UE by LMF based on exchange of NRPPa signaling between LMF and one or multiple cells. For NES, a similar assumption as that of periodic/semi-persistent CSI-RS can be made for periodic PRS. When there are multiple cells that may be transmitting PRS, how the cells may coordinate with LMF when transitioning to cell DTX can be up to network implementation. In this case, the different cells are not expected to transmit PRS and the UEs are not expected to measure PRS during the non-active periods of cell DTX.    
For minimizing any adverse impact to positioning accuracy due to not performing PRS measurements during cell DTX non-active periods, certain relaxation to the PRS measurements and accuracy requirement can be considered (e.g. with two different sets of requirements), e.g. for scenarios where the cell DTX non-active duration may be longer than a threshold. For LMF-based positioning the the set of requirements to apply when calculating the UE location information can be determined by LMF based on the measurement reports provided by the UE (per legacy) and information on cell DTX provided by the different cells in RAN configured to transmit PRS. 
Proposal 4: UE is not expected to measure PRS during non-active periods of cell DTX
Conclusion
In this contribution, the following proposals are made:
Proposal 1: UE is not expected to monitor PDCCH for detecting DCI format 2_x during the CDRX non-active time and during the cell DTX non-active period (e.g. if cell DTX configuration is activated)
Proposal 2: UE transmits the repetitions in CG bundle only if the whole bundle overlaps with cell DRX active period     
Proposal 3: UE is not expected to measure periodic/semi-persistent CSI-RS (for tracking, BM, RLM and BFD) during non-active periods of cell DTX
Proposal 4: UE is not expected to measure PRS during non-active periods of cell DTX
Appendix

The following show the agreements made during RAN1#114:
	Agreement
DCI format 2_X, for activation and deactivation of cell DTX and DRX configuration, 
· at least includes following fields, 
· N information block field(s), 
· Spare/reserved padding bits to match the size configured for DCI 2_X (if needed)
· payload size is configurable and within the bounds set by existing RAN1 specification
· an information block field contains signaling of activation or deactivation of ‘a configuration of cell DTX and/or DRX’ of ‘a serving cell’
· for serving cell configured with SUL, the same bit is applicable for both NUL and SUL
Above applies at least for sTRP case.

Agreement
For at least the case where one cell DTX/DRX pattern is configured, an information block field of DCI format 2_X for activation and deactivation of cell DTX and DRX configuration supports the following:
· Separate (activation/deactivation) signaling for cell DTX and cell DRX, i.e. one activation/deactivation signaling sub-field for cell DTX configuration and one activation/deactivation signaling sub-field for cell DRX configuration
· Separate 1 bit indication for each of activation/deactivation for one cell DTX and one cell DRX
Above does not imply that multiple DTX/DRX patterns is not supported.

Agreement
Support new RNTI (e.g. nes-RNTI) which is configured by higher layer, for scrambling of DCI format 2_X

Agreement
From RAN1 point of view, DCI format 2_X supports activation/deactivation of cell DTX/DRX configuration of multiple serving cells and support activation/deactivation per cell
· UE monitor DCI format 2_X in one serving cell

Agreement
DCI format 2_X is monitored in the common search space
Note: Search space set configuration for DCI format 2_X is separately provided by higher layers

Agreement
The following high layer signaling are to be included to the RRC parameter list for new DCI format 2_X for activation and deactivation of cell DTX/DRX
· search space set configuration with new DCI format 2_X
· DCI size for new DCI format 2_X

Agreement
· An information block field of DCI format 2_X is variable size either 1 or 2 bits.
· Higher layer signaling configures whether the activation/deactivation of cell DTX and/or cell DRX is indicated in DCI format 2_X for a serving cell.
· If both cell DTX and cell DRX are configured for a serving cell, 
· 1st bit corresponds to activation/deactivation of cell DTX configuration, and
· 2nd bit corresponds to activation/deactivation of cell DRX configuration, 
· otherwise, the 1 bit corresponds to the configured cell DTX or cell DRX configuration.
· Note: this does not imply there may be separate higher layer signaling to enable L1 signaling based activation/deactivation for a cell DTX and/or cell DRX configuration. Signaling design is up to RAN2.

Agreement
For each serving cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, starting bit position of an information block of DCI format 2_X is provided by UE specific higher layer signaling.
Agreement
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.

Agreement
· UE is expected to apply cell DTX or DRX activation/deactivation change at beginning of the slot X where the SCS of slot X is with respect to the active DL or UL BWP of the serving cell, respectively.
· Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the slot containing the PDCCH of DCI format 2_X based on SCS of PDCCH.

	SCS of PDCCH (kHz)
	Value of D (in unit of slot)

	15
	3

	30
	6

	60
	12

	120
	24

	480
	96

	960
	192



Agreement
Rel-18 UE supporting cell DTX is not required to monitor the following signals/channels from the gNB, during non-active periods of cell DTX 
· PDCCHs associated with DCI format 2_0 – DCI Format 2_5

Conclusion
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.

Agreement
For the FFS from agreement from RAN1 #112bis
· SRS for positioning is not impacted by cell DRX operation.

Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH
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