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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#112bis-e [1], the following agreements were made:

Agreement
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 behaviour for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behaviour 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 behaviour 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

Agreement
Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:
· PDCCH based signaling
· FFS: Whether enhancing legacy DCI or introducing new DCI
· FFS: DCI content
· FFS: Whether L1 signaling is UE specific DCI or group common DCI
· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX
· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 
· FFS: If multiple Cell DTX/DRX patterns are to be supported
· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay
· FFS how to guarantee reliability of the L1 signaling
· FFS whether the L1 signal can be monitored in non-active periods.

Agreement
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

In this contribution, we discuss our views on cell DTX/DRX configuration and UE behavior,  potential solutions and procedures when cell DTX/DRX is in operation.
[bookmark: _Ref129681832]Discussion
Cell DTX/DRX Configuration 

Alignment of C-DRX of UEs cannot implement cell DRX as during UE DRX off period the UE is allowed to initiate UL transmission. However, cell DRX can be configured by gNB implementation via appropriate configuration of UL resources to allow inactive periods for UL transmission.  Therefore, enhancements may need to be considered for cell DRX configuration.

Following options can be considered for signaling to align DRX of UEs:
· UE specific signaling 
· Cell specific signaling
· Group specific signaling

[bookmark: _Hlk126851329][bookmark: _Hlk126851356]Depending on the number of connected mode UEs, (re) configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX via gNB implementation may result in large signaling overhead. Therefore, group specific or cell specific signaling may be more suitable for cell DTX/DRX configuration and operation.

Observation 1: (Re)Configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX, may result in large signalling overhead for relatively large number of connected UEs.

Proposal 1: Support group specific or cell specific signaling for cell DTX/DRX configuration and operation.

Parameters defining cell DTX/DRX pattern can include different elements e.g., ON duration, OFF duration, periodicity, start slot/offset, number of cycles etc. DTX/DRX patterns can be associated with the SSB transmission characteristics e.g., an increase in time duration between SSB transmissions can be mapped to more patterns e.g. with different periodicities while reduced SSB transmission periodicity can be mapped to lower number of associated cell DTX/DRX patterns/configurations. This way, change in SSB transmission can implicitly indicate change in DTX/DRX configuration.

Proposal 2: Support mapping of cell DTX/DRX patterns/configurations to SSB transmission characteristics.

In the existing UE C-DRX, dynamic indication of the activation or inactivation of a DRX on-duration by wake-up signal (i.e., the DCP) is supported, it allows the UE to stay in the sleeping mode if gNB has no data for it in the next on-duration. In addition, an on-duration can also be early terminated by a go-to-sleep MAC-CE signalling if all the transmission for the UE is finished. These mechanisms are very useful for further reduce the power consumption for UE, and similar methods can be also studied for the cell DTX/DRX.

Proposal 3: Support dynamic indication of the activation or inactivation of a cell DTX/DRX on-duration, and dynamic indication of extension or termination of a cell DTX/DRX on-duration.

[bookmark: _Hlk67056900]UL transmission during cell DRX
During cell DRX non-active period, certain high priority traffic may need to be transmitted. To ensure maximum network energy savings, the network would ideally like to switch off all DL and UL transmissions during the DTX/DRX non-active period, but that may not be feasible since some traffic has high priority and low latency requirements, for example:
· URLLC traffic
· Beam management reporting (e.g. RSRP based CSI reporting)
· Radio link failure/beam failure procedures 
· Measurement report for handover procedures
To enable such procedures from the UE, some of the following transmissions may be allowed:
· Scheduling request transmission
· Configured grant transmission
However, not all transmissions need to be supported during DRX non-active period, only a subset of transmissions (e.g., high priority SR, beam management report) should be allowed. This can be done by signalling within the resource configuration whether the UCI is allowed to be transmitted during cell DRX non-active period. 
[bookmark: _Hlk134738219]Proposal 4: For UL transmission during cell DRX, support indication whether the UCI is allowed to be transmitted.
Additional set of UL control resource configurations may be required during the cell DRX non-active duration. To reduce signalling overhead, only delta configuration may be needed. For example, the delta parameters for PUCCH resource configurations can be time/frequency resources allocation, PUCCH format, while PUCCH configuration ID may remain the same. The delta parameters for SR or CSI report configuration can be periodicity and offset.
For the configure grant configuration, also only the transmission parameters which are different between cell DRX active and cell DRX non-active state may need to be provided, e.g. different values of periodicity and offset. 
[bookmark: _Hlk134793202]Proposal 5: For UL control resource configurations during cell DRX, support delta parameters only for PUCCH resource configurations, SR or CSI report configurations and configured grant.

Short Cell DRX Cycle
Upon receiving SR for high priority data during cell DRX non-active state, the gNB may start a short DRX cycle. UL transmissions on PUCCH or configured grant may take place during the active duration of the short cell DRX cycle. As shown in Figure 1, some configured grant resources are available during the non-active duration of short cell DRX cycle, these resources may be used to transmit high priority UL data during the long cell DRX non-active duration.
[image: ]
Figure 1 Short DRX cycle triggered by SR request 
If the gNB is in DTX non-active state when SR is transmitted, the UE may not be monitoring C-RNTI based transmissions from the gNB. In order for the UE to receive UL grants after SR transmission, UE may be required to monitor for C-RNTI based DCI transmission or UL grant from gNB after SR is transmitted.
[bookmark: _Hlk134739220]Proposal 6: For UL high priority data transmissions during cell DRX, support the activation of a short Cell DRX cycle within the long cell DRX non-active duration.
Proposal 7: For high priority data transmissions during cell DRX, UE may be required to monitor for UL grant from gNB after SR is transmitted.
[bookmark: _Hlk134803209]HARQ-ACK feedback delay
To allow for ACK transmission delay due to the cell DRX cycle, larger value (greater than 15 slots) may need to be supported for DL data to UL ACK timing. When PDSCH is received in the cell DRX non-active state, an additional offset may be added to the HARQ-ACK timing, which may be configurable by the network or indicated within the scheduling DCI.
If a HARQ-ACK codebook corresponds to HARQ-ACK feedback within the cell DRX non-active duration, the HARQ-ACK feedback may be delayed to use the next available PUCCH resource within the cell DRX active duration. For example, the HARQ-ACK timing parameter K1, may need to be increased to {1, 3, 5, 7, 9, 11, 13, 15} slots.
[bookmark: _Hlk134739865][bookmark: _Hlk134806529]Proposal 8: Support larger values of HARQ-ACK feedback timing indication.
UCI multiplexing during cell DRX
If an SR associated with SR configuration is disabled during cell DRX non-active duration by higher layer, then the SR bit is not transmitted in the UCI. During cell DRX non-active duration, CSI report for the following may be allowed to transmit and multiplex onto the limited PUCCH resources in order of priority:
· Tracking – TRS 
· RLM
· Beam Failure Detection/Recovery
· RRM
· Beam Management
When configured with cell DRX, UE does not transmit a PUCCH during the non-active duration, e.g. for periodic or semi-persistent CSI-RS configured in CSI report configuration. There may be the following impact on UCI multiplexing: 

As a baseline, if a PUCCH within the cell DRX active duration overlaps with a PUCCH for disabled CSI from the non-active duration, the UE may cancel the CSI transmission of the non-active duration, and UE does not perform UCI multiplexing. 

However, if the PUCCH of cell DRX non-active ends before the overlapping PUCCH of cell DRX active, the UE may first perform UCI multiplexing, and the transmission may take place during the cell DRX active duration.

Proposal 9: Support UCI multiplexing during cell DRX non-active duration.
Interaction of legacy C-DRX and cell DTX/DRX
A straightforward solution for interaction of legacy UE C-DRX and cell DTX/DRX is that cell DTX overrides the UE behaviour on UE DRX. However, there may be inefficient power consumption for some UEs as described earlier. Therefore, we prefer that cell DTX/DRX is configured independently and UEs with inactivity durations longer than cell inactivity duration still stay inactive outside cell inactive period. Network can indicate cell DTX/DRX configuration and parameters and L1/L2 signalling can be used to activate cell DTX/DRX. Activation signalling can also configure some parameters of DTX/DRX pattern, that is to be activated, in an implicit and/or explicit manner. For instance, there may be an implicit relation between reception of activation signalling and start slot/offset of cell DTX/DRX.  Or start offset/slot for cell DTX/DRX cycle can be indicated explicitly via the activation signaling.
Proposal 10: Indicate parameters related to cell DTX/DRX pattern via DTX/DRX activation signaling.
[bookmark: _Hlk126863166]Activation signalling can also indicate if cell DTX overrides C-DRX of UEs or not. In the latter case, network can also indicate if start offset/slot of C-DRX cycle of UEs need alignment with start of cell DTX cycle. UEs without legacy C-DRX configuration can consider active and inactive period in cell DTX/DRX pattern for reception/transmission of signals and channels as per cell DTX/DRX configuration. Transmission from UEs can only take place in gNB active periods according to the configured cell DRX configuration.
If activation signalling indicates that cell DTX does not override UE C-DRX, behavior of UEs with legacy C-DRX configuration can be adapted as follows:
· Cell DTX/DRX overrides the UE behavior on UE C-DRX if C-DRX cycle(s) is completely concentrated within cell inactivity period.
· Legacy UE behavior is not expected to change if its C-DRX cycle(s) is completely concentrated within cell active/ON period.
· If C-DRX cycle of a UE overlaps with the cell DTX cycle such that UE’s inactive duration overlaps with cell’s active and inactive duration,  UE remains OFF for its entire inactive duration. 
· If C-DRX cycle of a UE overlaps with the cell DTX cycle such that UE’s active duration overlaps with cell’s active and inactive duration,  UE remains active only for the duration when UE’s and cell’s ON duration overlap. 
Proposal 11: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have following observations and proposals:

Observation 1: (Re)Configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX, may result in large signalling overhead for relatively large number of connected UEs.
Proposal 1: Support group specific or cell specific signaling for cell DTX/DRX configuration and operation.
Proposal 2: Support mapping of cell DTX/DRX patterns/configurations to SSB transmission characteristics.
Proposal 3: Support dynamic indication of the activation or inactivation of a cell DTX/DRX on-duration, and dynamic indication of extension or termination of a cell DTX/DRX on-duration.
Proposal 4: For UL transmission during cell DRX, support indication whether the UCI is allowed to be transmitted.
Proposal 5: For UL control resource configurations during cell DRX, support delta parameters only for PUCCH resource configurations, SR or CSI report configurations and configured grant.

Proposal 6: For UL high priority data transmissions during cell DRX, support the activation of a short Cell DRX cycle within the long Cell DRX inactive period.
Proposal 7: For high priority data transmissions during cell DRX, UE may be required to monitor for UL grant from gNB after SR is transmitted.
Proposal 8: Support larger values of HARQ ACK feedback timing indication.
Proposal 9: Support UCI multiplexing during cell DRX non-active duration.
Proposal 10: Indicate parameters related to cell DTX/DRX pattern via DTX/DRX activation signaling.
Proposal 11: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.

References
[bookmark: _Ref534892461][1] Chairman’s notes for 3GPP TSG RAN WG1 #112bis-e


image1.png
%72 SR occasion available but not used
Bl SR occasion available and used
El CG resources available

Long Cell DRX DRX Active DRX Inactive DRX Active
g 2 lg 2 [g2
Short Cell DRX Bl o2 Bl £ f5 2
gNB activates short
cell DRX to UE
7 17 12 1 7 L I
7 07 U7 7 7 0 b
Al 1Bl





