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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The following agreements were made during RAN1#113 [1] related to group common L1 signaling for cell DTX/DRX activation/deactivation
	Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability

Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used


The other agreements made during RAN1#113 [1] and RAN2#122 [2] are provided in the Appendix. This contribution discusses the remaining aspects for supporting the cell DTX/DRX mechanism.
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 an activation/deactivation indication, some adjustments can be applied at the UE (e.g. on which siganals and channels can be transmitted or received) in alignment with the cell DTX/DRX pattern.   
During the RAN1#113 meeting [1], a number of issues with potential RAN1 impacts were discussed. In the following, we discuss these aspects:  
· PDCCH monitoring for detection of new DCI format 2_X
· UE behavior and procedures when cell DTX/DRX is in operation  
[bookmark: _Hlk127093786]PDCCH monitoring for detection of new DCI format 2_X
Group common L1 signaling was agreed [1] for indicating the activation and deactivation of a cell DTX/DRX configuration. Prior to receiving the indication, the UE can be preconfigured with a cell DTX/DRX pattern by RRC signaling, where the configuration includes at least periodicity, start slot/offset, and on duration. 
During RAN1#113, the following FFS were captured in the agreements on the group common L1 signaling:
· FFS-1: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)
· FFS-2: application delay, timers for activation/deactivation
· FFS-3: handling of multiple cells including when UE supports different number of cells
· FFS-4: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS-5: New RNTI is used

[bookmark: _Hlk142469773]Regarding FFS-1 on the UE behavior, if the UE is configured with CDRX, the UE can receive the new DCI format 2_X during the CDRX active time that overlap with the cell DTX Active period. Upon receiving the DCI in any slot during the CDRX active time, the UE can assume the cell DTX/DRX configuration is activated/deactivated from the next slot onwards. If CDRX is not configured, the UE monitors PDCCH in the occasions/slots the UE is configured to monitor as per legacy when cell DTX is deactivated or during cell DTX active periods when cell DTX is activated. 
[bookmark: _Hlk142469951]Once cell DTX/DRX is activated, the UE does not monitor for PDCCH for the DCI format 2_X during the cell DTX non-active periods. Also, once cell DTX/DRX is activated, the UE may receive the DCI format 2_X indicating the deactivation of cell DTX/DRX during the cell DTX active periods. There is no need to introduce any fallback behavior, other than using the legacy CDRX (if configured), upon reception or no reception of the new DCI format 2_X.    
Proposal 1: UE monitors PDCCH for detecting DCI format 2_x during the CDRX Active Time (e.g. when DRX ON duration timer and inavivity timer are running) and during the cell DTX Active Period
On FFS-2, our understanding is that since the gNB is aware of how the CDRX may be aligned with the cell DTX/DRX periods, the gNB can ensure that the new DCI format 2_X is received only during the CDRX active periods and cell DTX active periods. As such, there is also no need to introduce any additional application delay or timers for determining when the cell DTX/DRX periods start/end. The benefit of introducing such delays and timers is unclear. 
Proposal 2: No additional application delay and timers for activation/deactivation need to be supported with the DCI format 2_X 
For FFS-3 on handling of multiple cells in the new DCI format, there can be different approaches to consider when the UE supports different number of cells. In one approach (Alt-1), the DCI can explicitly indicate the cell indices for which the activation/deactivation of cell DTX/DRX applies. Although the single DCI approach can be useful for cross-cell indication, it is unclear whether there is any benefit for such indication since anyways the CDRX is configured per cell group and there will not be much power savings at network if some cells are kept active.  
In another approach (Alt-2), the DCI can be per cell (e.g. one PDCCH indicates cell DTX/DRX activation of one cell) without any cross-cell indication. This approach can be more useful in terms of lower overhead and spec impact for not having to carry any cell indices in the new DCI format. Also, since most of the time there may be only low number of active cells, e.g at low load conditions, the DCIs indicating the activation/deactivation can be received directly from the cells. For these reasons, our prefererence is more towards Alt-2 than Alt-1.  
Proposal 3: For handling multiple cells in the new DCI format 2_X, the following can be considered for activation/deactivation of cell DTX/DRX:
· Alt-1: Single DCI for multiple cells (e.g. DCI carries indices of multiple cells)
· Alt-2: Per cell DCI (e.g. each DCI indicates per cell level status)  
 
Regarding FFS-4 on whether the PDCCH monitoring configuration on the new DCI format should be identical with that of DCI format 2_6 (DCP), it is important to first identify whether there is a scenario when both DCI formats may be received by the UE at the same time. 
The DCP, which indicates whether to wake up or skip waking up, may be detected by the UE with a offset of ps-Offset before the start of the CDRX active period. In the case of cell DTX/DRX, there is enough opportunity for the gNB is send the new DCI format 2_X during the CDRX active time and cell DTX active period. Since the duration of the cell DTX/DRX periods can potentially span a few seconds, sending the new DCI format a few milliseconds earlier than the CDRX active time does not provide much gains from energy savings perspective. As such, there is no need for the PDCCH monitoring configuration for the new DCI format to be identical to the PDCCH monitoring configuration for DCI format 2_6. 
Proposal 4: PDCCH monitoring configuration for the new DCI format can be independent and different than that applied for DCI format 2_6 
[bookmark: _Hlk142320672]On FFS-5, a new RNTI is needed for the new DCI format 2_X to avoid any ambiguity with the other DCI formats detectable in overlapping search space sets, such as DCP (DCI format 2_6). Additionally, using a new RNTI (e.g. group common DCI format 2_X is scrambled by new NES-RNTI) allows any impact of cell DTX/DRX to be aimed towards to Rel-18 UEs, while not impacting the legacy UEs.  
Proposal 5: Define new RNTI for the DCI format 2_X
UE behavior and procedures when cell DTX/DRX is in operation 
In RAN1#112bis-e [4] and RAN2#121bis-e [5], the signals and channels that were agreed not to be received in DL or transmitted in UL during the non-active periods of cell DTX/DRX are:
· 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 
· UL
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· SR
· CG-PUSCH
· DG-PUSCH for new transmisisons   
In RAN2#122 [2], a working assumption was made that when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX and that it is up to the network whether it schedules retransmissions outside of the Cell DTX active period. RAN2 also agreed when a DG grant (e.g. including for DL HARQ feedback) is received during cell DRX/DTX, the UE follows the grant assignment as per legacy. Any follow-up discussions regarding PDCCH moniotoring for retransmissions during cell DTX/DRX can be left to RAN2. 
In this section, we discuss the following signals/channels with potential RAN1 impacts (marked as FFS from the RAN1#112bis-e meeting) and the corresponding UE behavior during the non-active periods of cell DTX/DRX:
· DL
· 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
· UL
· SRS for positioning

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 synchronization RS that 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 6: 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) 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. Similarly, for UE-based positioning, the requirements to apply can be made by the UE based on the PRS measurements and cell DTX info (e.g. cell DTX active period duration).
Proposal 7: UE is not expected to measure PRS during non-active periods of cell DTX
For UL signals/channels, if the UE is configured to transmit SRS for positioning (SRSp), the periodic/semi-persistent/aperiodic SRSp resources can be dedicated and configured on a per-UE basis. The network can configure the SRSp resources such that they do not overlap with non-active periods of cell DRX. In this regard, it makes sense to assume that in the UL the UE is not expected to transmit SRSp during the non-active periods of cell DRX for similar reasons why SRS is not expected to be transmitted in UL and CSI-RS is not expected to be transmitted in DL during non-active periods of cell DRX and cell DTX, respectively. Although this may have some impact on the SRSp measurement accuracy at different gNBs/TRPs, it can be up to the network on how to strike a balance between energy savings and measurement accuracy, for example, by aligning the cell DRX pattern with the SRSp resources and measurement occasions.
Proposal 8: UE is not expected to transmit SRS for positioning (SRSp) during non-active periods of cell DRX
Conclusion
In this contribution, the following proposals are made:
Proposal 1: UE monitors PDCCH for detecting DCI format 2_x during the CDRX Active Time (e.g. when DRX ON duration timer and inavivity timer are running) and during the cell DTX Active Period
Proposal 2: No additional application delay and timers for activation/deactivation need to be supported with the DCI format 2_X 
Proposal 3: For handling multiple cells in the new DCI format 2_X, the following can be considered for activation/deactivation of cell DTX/DRX:
· Alt-1: Single DCI for multiple cells (e.g. DCI carries indices of multiple cells)
· Alt-2: Per cell DCI (e.g. each DCI indicates per cell level status)  
Proposal 4: PDCCH monitoring configuration for the new DCI format can be independent and different than that applied for DCI format 2_6 
Proposal 5: Define new RNTI for the DCI format 2_X
Proposal 6: 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 7: UE is not expected to measure PRS during non-active periods of cell DTX
Proposal 8: UE is not expected to transmit SRS for positioning (SRSp) during non-active periods of cell DRX
Appendix

The following show the agreements made during RAN1#113:
	Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability

Agreement
Confirmation of WA from previous meeting with removal of the two sub-bullets.
Working Assumption
· Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18\
· Note: Reliability, overhead, and benefits are FFS

Agreement
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (downselect just one among alternatives)
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· FFS: Monitoring within DRX active time
· FFS: Field content
· Alt 2) Based on new DCI format 2_X
· Field content format
· Block number 1, block number 2, …, block number N
· For each block should at least support the following:
· DTX configuration activation/deactivation
· DRX configuration activation/deactivation
· FFS: other field details, mapping of UE and each blocks
· DCI size indicated by higher layers
· FFS: RNTI
· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells
· FFS: details on PDCCH monitoring aspects, including but not limited to:
· Search Space
· PDCCH monitoring occasion
· slots to monitor (during cell DTX/DRX non-active periods, and active periods)
· BD/CE aspects
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)

Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used


The following are the agreements made in RAN2#122:
Agreements:
1	UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2	UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3	Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
4	Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5	When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.  
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