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During RANP # 98-e, the following objectives were agreed related to cell DTX/DRX as part of new Rel-18 WID on network energy saving.
	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


In this contribution, we discuss several aspects related to cell DTX/DRX operation.
Discussion 
Activation/deactivation DCI Design
In RAN1 # 113, the following agreements were reached with regards to L1 signaling of activation/deactivation of cell DTX/DRX configuration.
	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



Based on agreements on L1 signaling, the details of the DCI design to supporting activation and deactivation of cell DTX and DRX configuration needs to be completed. Since the DCI format need to be able to support an arbitrary number of group of UEs, we suggest to leverage DCI format 2_6 structure, where the DCI are composed of N information blocks. The DCI can be scrambled with a new RNTI dedicated for cell DTX/DRX configuration activation and deactivation purposes. The introduction of the new RNTI does not increase the blind decoding (BD) attempts needed to be made by the UE as BD attempts depend on number of different DCI sizes and not based on number of RNTIs supported.
Proposal 1:
· DCI format 2_X for activation and deactivation of cell DTX/DRX configuration consists of following information fields:
· Information Block number 1, information block number 2, …, information block number N
· Where number of information block N is determined by the size of the DCI.
Proposal 2:
· DCI format 2_X for activation and deactivation of cell DTX/DRX configuration is scrambled with new RNTI dedicated for cell DTX/DRX operations, e.g. cdd-RNTI
Each information filed of the DCI need to carry sufficient information to either activate or deactivate a cell DTX and/or cell DRX configuration, which may be configured separately. We suggest to use a simple 1 bit indicator to activate or deactivate a cell DTX configuration, a 1 bit indicator to activate or deactivate a cell DRX configuration. So far RAN2 has agreed to support a single DTX/DRX configuration. However, discussion on support of multiple DTX/DRX configuration is being conducted. In case, multiple DTX/DRX configuration are supported in the future, the same information block format can be used to activate and deactivate multiple DTX/DRX configurations. Each information block can be directly mapped to a specific configuration of a UE. In case UE supports multiple configurations, the UE may simply read multiple information blocks that correspond to each configuration. Therefore, the information block of 2 bits, one for cell DTX and one for DRX configuration may be sufficient.
Proposal 3:
· Information block field of the DCI format 2_X for activation and deactivation of cell DTX/DRX configuration consists of following sub-fields:
· Activation/deactivation of configured cell DTX – 1 bit
· Activation/deactivation of configured cell DRX – 1 bit
Observation 1:
· 2 bit Information block field of the DCI format 2_X for activation and deactivation of cell DTX/DRX configuration can be applicable to support activation and/or deactivation of a configuration of the multiple cell DTX/DRX configurations.
· No additional reserved bits is necessarily to support future expansions of the feature.

Types of signal/channel transmission/receptions allowed outside active time

Agreements made so far on DTX/DRX of signals and channels from cell DTX/DRX operations are as follows:
	Agreements (RAN2 #121):
1.	There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2.	Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.

Agreement (RAN1 #112-bis-e):
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreements (RAN2 #121-bis-e):
6.	As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7.	As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8.	As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9.	(for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10.	The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions

Agreements (RAN2 #122):
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.   
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.  



RAN1 was not able to conclude on whether other signals/channels can be dropped during non-active time periods of cell DTX and DRX. In order to maximize the cell DTX/DRX benefitis, we believe the specification should support dropping of a many non-mission critical signals and channels as possible. Otherwise, the key benefits of cell DTX and DRX is lost.
For cell DTX non-active periods, we suggest to additional drop the following signals and channels:
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)

Proposal 4:
· Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX 
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)

Disabling CSI-RS for inter-cell mobility, especially non-serving cell CSI-RS requires that multiple cells to coordinate the cell DTX and DRX efforts. We believe this will be extremely complex to manage, and latency associated with coordinating sleep modes of multiple cells will make the feature not practical. Therefore, we suggest to not impact the CSI-RS for mobility during non-active periods of cell DTX.

Similar logic applies for PRS, where coordination from multiple cell are also required.
Proposal 5:
· The following signals/channels are not impacted by cell DTX operation:
· CSI-RS configured by measObjectNR (for RRM)
· PRS

For uplink transmissions during non-active periods of cell DRX, gNB has more flexibility and control over uplink transmissions. Therefore, even if UE transmits certain signals/channels, it might be possible to ignore them. Of course, if the gNB drops reception of any mission critical signals, such as SRS needed for positioning, there could be system performance penalty. However, it should not impact UE operations even in such cases. The only potential cases are how to deal with HARQ feedback. Following the RAN2 agreement on keeping the legacy behavior for retransmissions, it might be sensible to allow the UE continue providing HARQ feedback as in legacy operations. Any potential impact could be absorbed by gNB implementation.
Proposal 6:
· The following signals/channels are not impacted by cell DRX operation:
· HARQ feedback for SPS transmissions

Conclusions
In this contribution, we discussed different aspects of cell DTX/DRX operations and we have the following observations and proposals.
Proposal 1:
· DCI format 2_X for activation and deactivation of cell DTX/DRX configuration consists of following information fields:
· Information Block number 1, information block number 2, …, information block number N
· Where number of information block N is determined by the size of the DCI.
Proposal 2:
· DCI format 2_X for activation and deactivation of cell DTX/DRX configuration is scrambled with new RNTI dedicated for cell DTX/DRX operations, e.g. cdd-RNTI

Proposal 3:
· Information block field of the DCI format 2_X for activation and deactivation of cell DTX/DRX configuration consists of following sub-fields:
· Activation/deactivation of configured cell DTX – 1 bit
· Activation/deactivation of configured cell DRX – 1 bit
Observation 1:
· 2 bit Information block field of the DCI format 2_X for activation and deactivation of cell DTX/DRX configuration can be applicable to support activation and/or deactivation of a configuration of the multiple cell DTX/DRX configurations.
· No additional reserved bits is necessarily to support future expansions of the feature.
Proposal 4:
· Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX 
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
Proposal 5:
· The following signals/channels are not impacted by cell DTX operation:
· CSI-RS configured by measObjectNR (for RRM)
· PRS
Proposal 6:
· The following signals/channels are not impacted by cell DRX operation:
· HARQ feedback for SPS transmissions
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