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Introduction
In RAN#114 [1], the following agreements were reached for NES enhancements using cell DTX/DRX mechanism:
	[bookmark: _Hlk134828865]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
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.
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.
· 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



Furthermore, the following was agreed in RAN2#123 [2]:
	1. Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2. RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3. The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4. As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5. RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6. RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7. Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8. On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9. RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10. Confirm 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.
We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.



In this document, we discuss a few remaining issues of NES enhancements via cell DTX/DRX mechanism, including the UE behavior on handling signals/channels that occupy multiple slots, in addition to whether time restriction configuration for channel measurements associated with CSI reporting configuration is ignored when cell DTX is configured.
Cell DTX/DRX behavior for signals/channels occupying multiple slots
[bookmark: _Hlk100228640]In RAN1#114, the list of signals/channels that are impacted by cell DTX/DRX has been finalized, which includes different configurations of SPS PDSCH, CG PUSCH, NZP CSI-RS for channel measurement, PUSCH transmissions carrying CSI report(s) and PUCCH transmissions carrying a combination of CSI report(s) and/or SR, CSI-RS associated with RI reporting, and SRS. While most configurations of the aforementioned signals/channels occupy one slot for each transmission occasion, some configurations cause these signals/channels to occupy multiple slots for each transmission occasion. We provide examples of such signals/channels in Table 1, in addition to the corresponding configuration(s) associated with multi-slot transmission.
	Signal/Channel
	Configuration

	SP PDSCH
	DL multi-TRP with repetition scheme set to TDM Scheme A with slot-based repetition

	NZP CSI-RS resource set associated with channel measurement
	NZP CSI-RS resource set configured with N resource pairs and two resource groups for DL multi-TRP, with the slot offset of the two resource groups in a resource pair is set to , i.e., the two CSI-RS resources are mapped to two slots

	CG PUSCH
	UL Multi-TRP with K repetitions of N TBs over NK slots

	PUCCH
	Multi-TRP based PUCCH repetition via inter-slot frequency hopping

	SRS
	SRS comprising two SRS resource sets configured with usage set to ‘antennaswitching’ occupying two consecutive slots


[bookmark: _Ref146726069]Table 1: Examples of signals/channels occupying multiple slots
Note that a subset of the signals/channels listed in Table 1 correspond to repetitions of the same signal content over multiple slots, e.g., PDSCH configured with TDM Scheme A, another subset of the signals/channels correspond to different signal content over the multiple slots, e.g., PUSCH with transmission of one TB over  slots. For a multi-slot signal/channel, the signal/channel may partially overlap with a cell DTX/DRX inactive period, i.e., a subset of the slots of the multi-slot signal/channel are within an on-duration period of cell DTX/DRX, whereas the remainder of the slots correspond to inactive slots due to cell DTX/DRX. As of the agreements reached up to RAN1#114 and RAN2#123, the UE behavior under this scenario, i.e., whether to monitor/transmit such multi-slot signals/channels that partially overlap with cell DTX/DRX inactive period, is not clarified. We believe RAN1 needs to clarify the UE behavior under this scenario to avoid ambiguity in the implementation of cell DTX/DRX mechanisms for Rel-18 UEs.
The UE behavior for multi-slot signals/channels that partially overlap with a cell DTX/DRX inactive period is addressed in the maintenance phase of cell DTX/DRX enhancements 
Assuming a multi-slot signal/channel occupying a total of L slots, the following scenarios need to be considered:
· Scenario 1: the first X slots () of the signal/channel fall within a cell DTX/DRX active period, whereas the remaining  slots fall within a cell DTX/DRX inactive period. An illustration of this scenario is provided in Figure 1. 
· Scenario 2: the first Y slots () of the signal/channel fall within a cell DTX/DRX inactive period, whereas the remaining  slots fall within a cell DTX/DRX active period An illustration of this scenario is provided in Figure 2.
· Scenario 3: the first Z slots () of the signal/channel fall within the slots preceding the activation of cell DTX/DRX, whereas W slots of the remaining  slots () fall within a cell DTX/DRX inactive period, e.g., for a cell DTX/DRX triggered via L1 signaling to start at slot m, the signal/channel is transmitted at slot , whereas the last W slots of the signal/channel fall within the cell DTX/DRX inactive period of the first cycle DTX/DRX cycle. An illustration of this scenario is provided in Figure 3.

[bookmark: _Ref146881120]Figure 1: Example of Scenario 1 of a multi-slot signal partially overlapping with cell DTX/DRX on-duration period


[bookmark: _Ref146727938]Figure 2: Example of Scenario 2 of a multi-slot signal partially overlapping with cell DTX/DRX on-duration period
[image: ]
[bookmark: _Ref146881144]Figure 3: Example of Scenario 3 of a multi-slot signal partially overlapping with cell DTX/DRX inactive period
While the three scenarios commonly assume a subset the multi-slot signal/channel falling within the cell DTX/DRX inactive period, the location of this subset of slots with respect to the cell DTX/DRX inactive period is different for each scenario, which may require introducing different UE behaviors for each of these scenarios. We therefore propose the following:
Assuming a multi-slot signal/channel that partially overlaps with a cell DTX/DRX inactive period, specify the corresponding UE behavior for at least the following three scenarios:
· Scenario 1: the first X slots of the signal/channel fall within a cell DTX/DRX active period, whereas the remaining slots fall within a cell DTX/DRX inactive period
· Scenario 2: the first Y slots of the signal/channel fall within a cell DTX/DRX inactive period, whereas the remaining slots fall within a cell DTX/DRX active period
· Scenario 3: the first Z slots of the signal/channel precede the activation of cell DTX/DRX, whereas at least one of the remaining slots falls within a cell DTX/DRX inactive period
An alternative approach would correspond to classifying the multi-slot signals/channels according to the signal/channel type, as follows: 
· Type 1: Repetition signals/channels. A multi-slot signal/channel is classified as a repetition signal/channel if the same signal is transmitted over the multiple slots, e.g., PDSCH configured with TDM Scheme A repetition scheme over multiple slots
· Type 2: Non-repetition signals/channels. A multi-slot signal/channel is classified as a non-repetition signal/channel if different signals are transmitted over the multiple slots, e.g., SRS comprising two resource sets configured with usage parameter set to ‘antennaSwitching’, where different SRS ports are transmitted over multiple slots. 
For different signal/channel types, the UE behavior under cell DTX/DRX assuming partial overlapping between the multi-slot signal/channel and the cell DTX/DRX inactive period may vary. For instance, Type 1 repetition signals/channels can be configured with a behavior in which the subset of slots that overlap with cell DTX/DRX inactive periods are dropped, whereas the remainder of the slots that fall within the cell DTX/DRX active periods are monitored (expected to be received by UE)/transmitted assuming cell DTX/DRX, respectively.
For multi-slot repetition signals/channels that partially overlap with the cell DTX/DRX inactive period, the subset of slots that overlap with cell DTX/DRX inactive periods are dropped, whereas the remainder of the slots that fall within the cell DTX/DRX active periods are monitored/transmitted assuming cell DTX/DRX, respectively
 On the other hand, monitoring only a subset of slots corresponding to Type 2 non-repetition signals/channels while dropping the remaining slots may not be helpful, since a portion of the signal content is omitted due to cell DTX/DRX operation. Given that, a non-repetition signal/channel can be either fully dropped or fully received/transmitted in case of partial overlapping with a cell DTX/DRX inactive period respectively. 
For multi-slot non-repetition signals/channels where different slots carry different content, and the signal/channel partially overlaps with a cell DTX/DRX inactive period, down select between the following behavior alternatives:
· Alt1: All slots of the multi-slot signal/channel are dropped, i.e., the signal/channel is not monitored/transmitted assuming cell DTX/DRX, respectively
· Alt2: All slots of the multi-slot signal/channel are monitored/transmitted, including the subset of slots falling within cell DTX/DRX inactive periods, respectively
Time restriction for CSI measurement reporting under cell DTX
In RAN1#112bis-e [3], it was agreed that periodic/semi-persistent CSI-RS associated with CSI reporting, i.e., CSI reporting configured with RI report quantity, are included in the list of signals that are impacted by cell DTX, i.e., a UE that is configured with cell DTX is not expected to monitor periodic/semi-persistent CSI-RS received within cell DTX inactive periods. Two features that are configured as part of the CSI reporting configuration are the time restriction for channel measurements, timeRestrictionForChannelMeasurements, and time restriction for interference measurements, timeRestrictionForInterferenceMeasurements. When the time restriction for channel measurements is configured, the UE is expected to report CSI according to the latest CSI-RS transmission occasion before the CSI reference resource, otherwise the UE can report CSI according to any combination of CSI-RS transmission occasions before the CSI reference resource. A similar behavior is followed for time restriction for interference measurements. Assuming a UE is configured with CSI reporting where time restriction for channel measurements is not configured, if the UE is further configured with cell DTX that impacts the corresponding CSI-RS for channel measurement, the CSI feedback may not be accurate. One example is illustrated in Figure 4, where the UE suffers a gap in available CSI measurements due to cell DTX impacting the CSI-RS monitoring of a periodic CSI-RS transmission. Due to the large gap between the last two monitored CSI-RS occasions, caused by cell DTX, it could be beneficial that the UE assumes time restriction for channel measurements by default, and compute the CSI only based on the last CSI-RS transmission occasion before the CSI reference resource. While this can be pursued via implementation, it is preferred that this behavior is consistent over all implementations to avoid variations in CSI measurement quality. Hence, we propose that time restriction for channel measurement is configured by default for a CSI reporting associated with CSI-RS resources for channel measurement that are impacted by cell DTX. A similar behavior can be introduced for time restriction for interference measurements with respect to CSI-RS resources for interference measurement that are impacted by cell DTX.
For a UE configured with a CSI reporting setting, time restriction for channel measurements is configured by default if the monitoring of CSI-RS resource(s) for channel measurement associated with the CSI reporting setting is impacted by cell DTX operation
For a UE configured with a CSI reporting setting, time restriction for interference measurements is configured by default if the monitoring of CSI-RS resource(s) for interference measurement associated with the CSI reporting setting is impacted by cell DTX operation

[bookmark: _Ref146739887]Figure 4: Example of CSI reporting that is impacted by unmonitored CSI-RS due to cell DTX
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution addressed the remaining issues for cell DTX/DRX enhancements for network energy saving techniques. In light of the discussion in this technical document, we have the following proposals:
1. The UE behavior for multi-slot signals/channels that partially overlap with a cell DTX/DRX inactive period is addressed in the maintenance phase of cell DTX/DRX enhancements
1. Assuming a multi-slot signal/channel that partially overlaps with a cell DTX/DRX inactive period, specify the corresponding UE behavior for at least the following three scenarios:
· Scenario 1: the first X slots of the signal/channel fall within a cell DTX/DRX active period, whereas the remaining slots fall within a cell DTX/DRX inactive period
· Scenario 2: the first Y slots of the signal/channel fall within a cell DTX/DRX inactive period, whereas the remaining slots fall within a cell DTX/DRX active period
· Scenario 3: the first Z slots of the signal/channel precede the activation of cell DTX/DRX, whereas at least one of the remaining slots falls within a cell DTX/DRX inactive period
1. For multi-slot repetition signals/channels that partially overlap with cell DTX/DRX inactive periods, the subset of slots that overlap with cell DTX/DRX inactive periods are dropped, whereas the remainder of the slots that fall within the cell DTX/DRX active periods are monitored/transmitted assuming cell DTX/DRX, respectively
1. For multi-slot non-repetition signals/channels where different slots carry different content, and the signal/channel partially overlaps with a cell DTX/DRX inactive period, down select between the following behavior alternatives:
· Alt1: All slots of the multi-slot signal/channel are dropped, i.e., the signal/channel is not monitored/transmitted assuming cell DTX/DRX, respectively
· Alt2: All slots of the multi-slot signal/channel are monitored/transmitted, including the subset of slots falling within cell DTX/DRX inactive periods, respectively
1. For a UE configured with a CSI reporting setting, time restriction for channel measurements is configured by default if the monitoring of CSI-RS resource(s) for channel measurement associated with the CSI reporting setting is impacted by cell DTX operation
1. For a UE configured with a CSI reporting setting, time restriction for interference measurements is configured by default if the monitoring of CSI-RS resource(s) for interference measurement associated with the CSI reporting setting is impacted by cell DTX operation
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