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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#114bis [1], the following agreements were made:
Agreement
For CSI report associated with P/SP CSI-RS resource and configured with reportQuantity including RI, when cell DTX is configured
· the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of each P/SP CSI-RS resource for channel measurement and/or interference measurement for the CSI report in cell DTX active period no later than CSI reference resource and drops the report otherwise.

Agreements
Cell DTX/DRX operation is only supported for sTRP.
When cell DTX operation is configured and the time domain restriction for channel measurements or interference measurements is enabled, the CSI-RS used for the corresponding measurements can be redefined as the most recent CSI-RS within the active periods of cell DTX.
A UE configured for operation on a serving cell according to one or both of a cell DTX operation by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [TS 38.331], can be additionally provided by dci-Format2-9 a search space set to monitor PDCCH for detection of DCI format 2_9 according to a Type3-PDCCH common search space as described in clause 10.1, and a location in DCI format 2_9 by position-inDCI-NES of a cell DTX/DRX indicator field for the serving cell. 
In this contribution, we discuss our views on the remaining issues of cell DTX/DRX configuration.
[bookmark: _Ref129681832]Discussion
Monitoring DCI format 2-9 during C-DRX non-active period
There can be the following alternatives related to DCI format 2-9 during non-active periods of C-DRX [1]:
· Alt 1) UE does not monitor DCI format 2-9 during non-active periods of C-DRX
· Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX

If a UE does not monitor DCI format 2-9 during non-active periods of C-DRX, there could be a misalignment between the gNB and the UE on cell DTX/DRX. The Type3-PDCCH common search space may be configured such that it would not negatively impact UE power saving, if the UE is required to monitor DCI 2-9 during C-DRX non-active time.  
Proposal 1: UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX.
[bookmark: _Hlk140844969][bookmark: _Hlk140845354]During the non-active periods of cell DRX, while multiple UCIs/PUSCHs overlap in a slot and part of them are impacted by cell DRX, the UCIs/PUSCHs impacted by cell DRX should be considered within the UL multiplexing procedure. To achieve energy saving while allowing required UL transmissions, e.g. for HARQ ACK/NACK or high priority SR, a PRI may be used to select the PUCCH resource. A default allocation or fallback PUCCH resource for use during this non-active period may be indicated via group common cell DTX/DRX activation/deactivation DCI. The specified PUCCH resources may have the same time domain allocation across a group of UEs, e.g. in terms of start symbol, number of symbols. There can be the following options:
· Option-1: different PRI index (i.e. multiple indications, one for each cell) for different cells within the cell group
· Option-2: one PRI index for all cells within the cell group
The indicated PRI may also be used for PUCCH switching (if the new cell is active and not in cell DRX), and the UE is configured with uplink switching with parameter uplinkTxSwitching.
Proposal 2: Support default or fallback PUCCH resource indication during the cell DTX/DRX non-active period in cell DTX/DRX activation DCI.
During the cell DTX/DRX non-active period, longer interval, shorter length PDCCH monitoring occasion may be needed. It is beneficial to support common search space and joint indication to reduce time domain transmission time/monitoring occasion for the group of UEs. Furthermore, it may also be used for default or fallback PDCCH monitoring during cell DTX non-active period. There can be the following options:
· Option-1: different CORESET/SS index for different cells (i.e. multiple indications, one for each cell) within the cell group
· Option-2: one CORESET/SS index for all cells within the cell group
The group common DCI for cell DTX/DRX activation/deactivation may not need to be transmitted during cell DTX non-active period for gNB/UE power saving. It is beneficial to support one-bit indication for whether PDCCH monitoring for cell DTX/DRX activation/deactivation could be skipped (i.e. the cell DTX/DRX search space will not be monitored) in non-active period of cell DTX for the group of UEs. If it is not set, cell DTX/DRX activation is monitored during cell DTX non-active period for the group of UEs as usual. 
Proposal 3: Support default or fallback PDCCH search space monitoring during the cell DTX/DRX non-active period in cell DTX/DRX activation DCI.
[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 this 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 for PUCCH resource configurations, SR or CSI report configurations and configured grant.
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.
Configuring cell DRX non-active period specific parameters such as larger values of HARQ-ACK feedback timing indication, delta parameters etc. improves network energy saving, provides flexibility with minimal signalling overhead.
[bookmark: _Hlk134806529][bookmark: _Hlk134739865]Proposal 6: Support larger values of HARQ-ACK feedback timing indication.
[bookmark: _Hlk140763786]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 7: Support UCI multiplexing during cell DRX non-active duration.
UE fallback operation for cell DTX/DRX
To resolve the mismatch between UE and gNB on the activation of cell DTX/DRX, for example due to missed detection of group common DCI for cell DTX/DRX, a fallback UE behavior may be needed. For example, there may be cases when the UE does not detect RL failure, but it cannot receive the uplink grant for multiple retransmissions as requested, or it cannot detect the feedback as expected from the gNB for its uplink transmissions.
UE may initiate a scheduling request via a cell DTX/DRX fallback PUCCH indicating ‘cell DTX/DRX fallback’. UE may then start monitoring the cell DTX/DRX fallback search space. gNB may resend the group common DCI a number of times via the fallback search space. UE may stop monitoring the fallback search space after a certain duration.
[bookmark: _Hlk140849232]Proposal 8: Support UE fallback operation for cell DTX/DRX during cell DTX/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. 
[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 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 9: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.
Signals/Channels impacted by cell DTX 
It was proposed that 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 
· P/SP CSI-RS for BM, P CSI-RS for RLM, P CSI-RS for BFD/BFR
· CSI-RS for RRM
· CSI-RS for tracking
· [PRS]
Regarding CSI-RS for RRM, RLM, BFD and BM, SSB can be used instead of CSI-RS. Therefore, transmission of CSI-RS during cell DTX non-active time for these purposes would not be essential. 
Observation 1: Transmission of CSI-RS for RRM/RLM/BFD/BM during Cell DTX non-active time would not be essential due to presence of SSB
Regarding CSI-RS for tracking (TRS), SSB might be used instead for time and frequency tracking purpose and AGC setting, however accuracy of time and frequency tracking based on SSB would not be enough. On the other hand, in case cell DTX non-active time is short, there would be no serious issue on time and frequency tracking. 
Regarding PRS, no transmission during non-active time of Cell DTX may have impact on accuracy of positioning. On the other hand, it could be also dependent on how frequently PRS transmission drops due to cell DTX non-active time, i.e. it depends on the network configuration. 
Considering necessity of transmission of TRS and PRS during Cell DTX non-active time could depend on network implementation, it would be beneficial to make transmission of these signals configurable. 
Proposal 10: Transmission of CSI-RS for tracking (TRS) and positioning reference signal (PRS) during Cell DTX non-active time of the cell should be configurable.
If TRS is allowed to transmit in the Cell DTX non-active time duration, the energy consumption for transmitting the TRS is mainly dependent on the periodicity of the TRS. A small periodicity means gNB has to transmit TRS frequently and the energy consumption will be relatively high. However, considering UE does not expect to be scheduled in the DTX non-active time, the time/frequency synchronization is not necessary to be very precise. Therefore, the periodicity of TRS in DTX non-active time can be larger than it is in the DTX active time. UE may maintain the synchronization in an acceptable level, while the power consumption of gNB to transmit TRS can be reduced.
Proposal 11: Support dedicated TRS configuration, e.g., larger periodicity, which is valid only in the Cell DTX non-active time.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following proposals:
Proposal 1: UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX.
Proposal 2: Support default or fallback PUCCH resource indication during the cell DTX/DRX non-active period in cell DTX/DRX activation DCI.
Proposal 3: Support default or fallback PDCCH search space monitoring during the cell DTX/DRX non-active period in cell DTX/DRX activation DCI.
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: Support larger values of HARQ ACK feedback timing indication.
Proposal 7: Support UCI multiplexing during cell DRX non-active duration.
Proposal 8: Support UE fallback operation for cell DTX/DRX during cell DTX/DRX non-active duration.
Proposal 9: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.
Observation 1: Transmission of CSI-RS for RRM/RLM/BFD/BM during Cell DTX non-active time would not be essential due to presence of SSB.
Proposal 10: Transmission of CSI-RS for tracking (TRS) and positioning reference signal (PRS) during Cell DTX non-active time of the cell should be configurable.
Proposal 11: Support dedicated TRS configuration, e.g., larger periodicity, which is valid only in the Cell DTX non-active time.
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