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1 Introduction
A WI on network energy saving for NR was endorsed in [1]. One objective is to specify enhancement on cell DTX/DRX mechanism as following.
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 RAN1#114 meeting, the following agreements were achieved [2].
	[bookmark: _Hlk144470361]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.

Agreement
· 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



In addition, the following agreements were made in RAN2#123 meeting [3].
	Agreements:
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.
11 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.


This contribution discusses the remaining issues on cell DTX/DRX mechanism. 
2 Definition of cell DTX/DRX
For the definition of cell DTX/DRX, it was agreed in RAN1#112 meeting to further discuss the channels/signals configured by higher layer signaling. In RAN1#112bis-emeeting, P/SP-CSI-RS for CSI reporting was agreed to not to be received and P/SP CSI report and P/SP SRS were agreed to not to be transmitted during non-active period of cell DTX and DRX, respectively. In RAN1#114 meeting, SRS for positioning, HARQ-ACK of a DCI format without scheduling a PDSCH and HARQ-ACK of SPS PDSCH transmitted were agreed to be not impacted by cell DRX operation. PDCCHs associated with DCI format 2_0 – DCI Format 2_5 were agreed not to be monitored during non-active periods of cell DTX. In addition, in RAN2#121bis-e meeting, it was agreed that UE doesn’t monitor SPS occasions and PDCCH for dynamic grants/assignments for new transmissions during non-active time of cell DTX and UE does not transmit SR or CG PUSCH during non-active time of cell DRX. In RAN2#122 meeting, it was further agreed that UE monitors PDCCH for RAR/msg4 and receives DG PDSCH during Cell DTX non-active time and UE transmits DG PUSCH and HARQ-ACK of DG PDSCHs during Cell DRX non-active time. 
TRS is significant for UE to have good T/F tracking and TRS can be received by IDLE/INACTIVE UEs. According to the note “Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.” in the WID, TRS should be treated similar as RACH, paging, and SIBs which are agreed not to be impacted based on the agreement made in RAN2#121 meeting. 
Proposal 1: RAN1 conclude that TRS is not impacted by cell DTX.

For a channel/signal scheduled/indicated by a DCI format, if gNB would like to avoid transmitting/receiving such channel/signal, gNB can simply not transmit the PDCCH. On the other hand, if UE receives the PDCCH, UE should always follow the indication of gNB to receive/transmit the channel/signal scheduled/indicated by the DCI format. In RAN2#122 meeting, it was agreed that UE receives DG PDSCH during Cell DTX non-active time and UE transmits DG PUSCH and HARQ-ACK of DG PDSCHs during Cell DRX non-active time. In RAN1#114 meeting, HARQ-ACK of a DCI format without scheduling a PDSCH was agreed to be not impacted by cell DRX operation Same rule should apply to PUSCH with AP-CSI.
Proposal 2: RAN1 conclude that UE transmits PUSCH with AP-CSI during non-active periods of cell DRX if a PDCCH providing a DCI format triggering AP-CSI is received.
Whether a UE monitors DCI format 2_9 was also discussed in RAN1#114 meeting without consensus. UE always monitoring DCI format 2_9 can be beneficial for network energy saving because gNB can configure a long period of non-active time and can dynamically deactivate the cell DTX/DRX whenever there is traffic arriving. It is also beneficial for UE power saving since it can reduce the blind detection of other DCI formats.
Proposal 3: RAN1 conclude that a UE monitors DCI format 2_9 during non-active periods of cell DTX.
PUCCH with HARQ-ACK for only SPS PDSCHs was also discussed in previous RAN1 meetings. It is concluded that HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX, the remaining open issue is whether to transmit HARQ-ACK of SPS PDSCH configured to be received during non-active. If gNB does not transmit any SPS PDSCH in the configured resources, gNB can simply skip the detection of the PUCCH with HARQ-ACK for the SPS PDSCHs regardless of whether UE transmits the HARQ-ACK of the SPS PDSCH.
From UE’s perspective, when configured with cell DTX, it has been agreed that SPS PDSCH are not received during non-active period based on RAN2’s agreement made in RAN#121bis-e meeting. Therefore, if a UE does not receive a SPS PDSCH, there is no need for the UE to transmit the HARQ-ACK for the SPS PDSCH at least for the case where there is no HARQ-ACK in a same PUCCH. It is possible that UE and gNB may have different understanding regarding whether a SPS PDSCH is received if UE misses the DCI format 2_9, if the HARQ-ACK codebook includes HARQ-ACK information for other PDSCHs, not transmitting the HARQ-ACK of the SPS PDSCH would result in UE and gNB to have different understanding on the size of HARQ-ACK codebook. In such case, a padding NACK for the SPS PDSCH should be included in the HARQ-ACK codebook to ensure gNB correctly decode the HARQ-ACK information bits for other PDSCHs.
Proposal 4: A UE does not transmit the HARQ-ACK information bit for a SPS PDSCH if the SPS PDSCH overlaps with the non-active periods and there is no other HARQ-ACK information bit in the same PUCCH slot with the HARQ-ACK information bit for the SPS PDSCH. UE generates a NACK information bit for a SPS PDSCH if the SPS PDSCH overlaps with the non-active periods and there is another HARQ-ACK information bit in the same PUCCH slot with the HARQ-ACK information bit for the SPS PDSCH.
[bookmark: _Hlk146699723]It was agreed that semi-persistent or periodic CSI-RS is not expected to be received during the active period of cell DTX. A remaining follow-up issue is the handling of CSI report using semi-persistent or periodic CSI-RS for channel measurement and/or interference measurement. If there is no CSI-RS occasion for measurement within cell DTX active period, the corresponding CSI report is not meaningful and should be dropped. Similar issue exists in C-DRX, the following text from TS 38.214 describes the UE behaviour. Same principle should apply to cell DTX. In addition, when both cell DTX and C-DRX are configured, how to report the CSI should be further considered.
	TS 38.214
When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise.



Proposal 5: When cell DTX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of P/SP CSI-RS 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.

Another remaining issue is for a channel overlapping with both active and non-active period of cell DTX/DRX. It was agreed in RAN2 that cellDTX-onDurationTimer (and cellDRX-onDurationTimer) have the same value range as UE C-DRX on-duration timer. According to the candidate values of subMilliSeconds, it is possible that the switching point can be in the middle of a slot. Therefore, it is possible that a channel can overlap with both active and non-active period of cell DTX/DRX. Whether UE receives/transmits the channel should be clarified.
	TS 38.331

DRX-Config ::=                      SEQUENCE {
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },
…
drx-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.



Proposal 6: UE receives/transmits the following channels overlapping with both active and non-active periods of cell DTX/DRX, respectively.
· SPS PDSCH
· PDCCH that are not monitoring during non-active periods of cell DTX
· P/SP-CSI-RS for CSI
· P/SP CSI report 
· P/SP SRS
· SR
· CG PUSCH
3 Activating/Deactivating of cell DTX/DRX
1 
2 
3 
In the current specification of TS 38.212, there are two open issues highlighted in the text below.
	[bookmark: _Toc146106284]7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by NES-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX provided by higher layers for the UE.
If the UE is configured with higher layer parameter XYZ, one or more blocks are configured for the UE by higher layers, with the following field defined for each block:
-	Cell DTX/DRX indication – 2 bits if XYZ, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.



In the post meeting email discussion, the understanding of the following agreement made in RAN1#114 meeting is controversial. 
	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.



The higher layer signalling should be interpreted as a new and separate RRC parameter instead of the already agreed RRC parameter for configuring the cell DTX/DRX pattern, to avoid making the activation/deactivating mandatory for all the cells configured with cell DTX/DRX. In addition, the RRC parameter configuring the starting bit position cannot be used as the indication of whether a cell is dynamically activated/deactivated in DCI format 2_9 based on the following agreement. The RRC parameter configuring the starting bit position is only configured for a cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, and the RRC parameter configuring a cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration should be a different parameter which should be the higher layer signalling in the above agreement.
	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.



Proposal 7: Adopt the following TP for TS 38.212.
Reason for change: The RRC parameter for DCI format 2_9 is not specified.
Summary of change: The RRC parameter cellDTRX-DCI-config configures the activation/deactivation of cell DTX/DRX for a serving cell.
Consequences if not approved: UE is not clear about the indication of DCI format 2_9.
	7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by NES-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX provided by higher layers for the UE.
If the UE is configured with higher layer parameter XYZ cellDTRX-DCI-config for a serving cell, one or more blocks are configured for the UE by higher layers, with the following field is defined for each a corresponding block:
-	Cell DTX/DRX indication – 2 bits if XYZ cellDTRX-DCI-config configures both cell DTX and cell DRX, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.



A similar issue exists in TS 38.213 and the follow proposal is made.
Proposal 8: Adopt the following TP for TS 38.213. 
Reason for change: The RRC parameter for DCI format 2_9 is not specified.
Summary of change: The RRC parameter cellDTRX-DCI-config configures the activation/deactivation of cell DTX/DRX for a serving cell.
Consequences if not approved: UE and gNB may have different understanding regarding the indication of DCI format 2_9.
	[bookmark: _Toc137056426][bookmark: _Toc146214457]11.5	Adaptation of cell operation
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 [11, 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 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 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell by cellDTRX-DCI-config, the cell DTX/DRX indicator field includes two bits where the first bit indicates the cell DTX operation and the second bit indicates the cell DRX operation
-	if the UE is configured with only one of the cell DTX operation and cell DRX operation for the serving cell by cellDTRX-DCI-config, the cell DTX/DRX indicator field includes one bit indicating one of the cell DTX operation and cell DRX operation, respectively, for the serving cell
-	a '0' value for a bit of the cell DTX/DRX indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier



The serving gNB may not always transmit a PDCCH providing DCI format 2_9 at every DCI 2_9 monitoring occasions. For example, during cell DTX/DRX non-active periods, the serving gNB may skip transmitting a PDCCH providing DCI format 2_9 for network energy saving, unless the serving gNB wants to switch the operation state on the cell. Note however that this case is not distinguishable from the case that a UE fails to detect a PDCCH providing DCI format 2_9, while it was actually transmitted by the serving gNB. Therefore, there is a need to define a UE behavior when a PDCCH providing DCI format 2_9 is not received at its monitoring occasion. If a UE does not detect a PDCCH providing DCI format 2_9 at a monitoring occasion for DCI format 2_9, the UE shall assume that the current operation state on the cell is maintained. For instance, if the UE does not detect a PDCCH providing DCI format 2_9 at its monitoring occasion while the Cell DTX (or Cell DRX) is activated (or deactivated), the UE shall assume activated Cell DTX (or Cell DRX) state (or inactivated Cell DTX state) on the cell.
Proposal 9: If a UE does not detect a PDCCH providing DCI format 2_9 at a monitoring occasion for DCI format 2_9, the UE shall assume that the current operation state on the cell is maintained.
Whether PDCCH monitoring configuration for the new DCI format should be identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats was discussed in RAN1#113 meeting. The gain of a same PDCCH monitoring configuration for the new DCI format 2_9 and DCI format 2_6 is not clear. In addition, considering there can be multiple UEs in a cell and there can be multiple cells, agreeing on a same PDCCH monitoring configuration could be restrictive. Whether to have a same PDCCH monitoring configuration should be up to gNB implementation.
Observation 1: It should be up to gNB implementation to configure whether PDCCH monitoring configuration for the new DCI format 2_9 is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats, i.e., no spec impact is needed. 
4 
4 Joint operation of cell DTX/DRX and other collision handling
In RAN2#121bis-e meeting, it was agreed that a UE doesn’t monitor SPS occasions and PDCCH for dynamic grants/assignments for new transmissions during non-active time of cell DTX, and the UE does not transmit SR or CG PUSCH during non-active time of cell DRX. However, some channel should be received/transmitted during non-active time as we pointed out in previous discussions, e.g., PDSCH/PUSCH/PUCCH with a DCI format. The channel collision handling should be reconsidered when configured with cell DTX/DRX.
For DL, a PDCCH scheduling a PDSCH that overlaps with SPS PDSCH should satisfy a timeline condition as described in TS 38.214 copied below. If a SPS PDSCH is not to be received by a UE, the timeline restriction is not necessary any more when the gNB transmits a PDCCH scheduling a PDSCH overlapping with the SPS PDSCH, instead, removing such restriction can be beneficial for reducing the scheduling latency.
	The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where m and the symbol duration are based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respective search space sets, as described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time is used.



Proposal 10: When a PDCCH schedules a PDSCH overlapping with a SPS PDSCH where the SPS PDSCH is not expected to be received by the UE due to cell DTX, the overriding timeline condition does not need to be satisfied. Adopt the following TP for TS 38.214.
Reason for change: The overlapping PDSCHs does not differentiate SPS PDSCH with or without non-active period of cell DTX in the current specification 
Summary of change: SPS PDSCH overlapping with non-active period of cell DTX are excluded from the overlapping PDSCHs for DL scheduling timeline restriction
Consequences if not approved: Unnecessarily enforce gNB to satisfy a timeline restriction for scheduling PDSCHs
	The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission except the PDSCH(s) overlapping with non-active periods of cell DTX if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where m and the symbol duration are based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respective search space sets, as described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time is used.



Another issue for DL is overlapping SPS PDSCHs, according to the TS 38.214 specification copied below, UE first resolves the collision of semi-static UL symbols and SPS PDSCHs and then if there is overlapping SPS PDSCHs on a same cell, UE receives the SPS PDSCH with the smallest index. Following the rules of the collision handling of semi-static UL symbols, UE should first exclude the SPS PDSCHs that are canceled by cell DTX non-active period before resolving the collision of overlapping SPS PDSCHs. The transmission opportunities of SPS PDSCHs with larger indexes can be thus increased if the overlapping SPS PDSCH with smaller index is canceled by cell DTX non-active period. 
	If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
[bookmark: _Hlk39314234]‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 



Proposal 11: A UE first determines SPS PDSCH reception based on cell DTX non-active periods and then the UE resolves the overlapping SPS PDSCHs on a same serving cell. Adopt the following TP for TS 38.214.
Reason for change: The overlapping PDSCHs does not differentiate SPS PDSCH with or without non-active period of cell DTX in the current specification 
Summary of change: SPS PDSCH overlapping with non-active period of cell DTX are excluded from the overlapping PDSCHs for resolving overlapping SPS PDSCHs
Consequences if not approved: Unnecessarily enforce gNB to not transmit a SPS PDSCH overlapping with another SPS PDSCH in non-active periods of cell DTX  
	If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, or determined as non-active periods of cell DTX, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 



For UL, the issue is more complicated. Both single carrier case and multiple carrier case should be considered. An example of single carrier case is given in Figure 1 for illustration. A PUCCH with SR overlaps with a PUCCH with CSI, the PUCCH with SR is within the active duration while the PUCCH with CSI overlaps with the non-active duration. If the UE first determines not to transmit the CSI due to the cell DRX, the SR could be transmitted. However, if the UE first performs UCI multiplexing, the SR will be multiplexed in the PUCCH with CSI and will not be transmitted. UE behaviour needs to be clarified in such case. A simple solution is that a UE first resolves the overlapping among UL channels and then determines whether to transmit the result UL channel if the channel overlaps with non-active duration of cell DRX.
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Figure 1
Another example of multiple carriers case is given in Figure 2, a PUCCH with HARQ-ACK on PCell overlaps with a CG PUSCH on SCell where the CG PUSCH overlaps with non-active period. If HARQ-ACK is multiplexed in the CG PUSCH, not transmitting the CG PUSCH would degrade system performance. Same issue exists for PUSCH with SP CSI. One simple solution is to exclude CG PUSCH/PUSCH with SP CSI before resolving the overlapping channels to avoid the impact on UCI transmission.
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Figure 2
Proposal 12: CG PUSCH/PUSCH with SP-CSI overlapping with non-active periods of cell DRX are excluded for resolving the overlapping PUCCHs/PUSCHs. Adopt the following TP for TS 38.213.
Reason for change: The overlapping PUCCHs/PUSCHs does not differentiate CG PUSCH transmissions and PUSCH transmissions with SP-CSI with or without non-active period of cell DRX in the current specification 
Summary of change: the UE excludes CG PUSCH transmissions and PUSCH transmissions with SP-CSI overlapping with non-active periods of cell DRX for resolving overlapping for PUCCH and/or PUSCH transmissions
Consequences if not approved: Unnecessarily enforce UE to not transmit HARQ-ACK multiplexed in CG PUSCH transmissions and PUSCH transmissions with SP-CSI in non-active periods of cell DRX  
	A DCI format indicating a SPS PDSCH release, or SCell dormancy without scheduling a PDSCH reception, or indicating a TCI state update without scheduling PDSCH reception, is referred to as a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception. 
When a UE determines overlapping for PUCCH and/or PUSCH transmissions, the UE excludes CG PUSCH transmissions and PUSCH transmissions with SP-CSI overlapping with non-active periods of cell DRX.
For the remaining of this clause, when a UE 
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs, and is provided coresetPoolIndex with a value of 1 for second CORESETs, on active DL BWPs of serving cells, and
-	is provided enableSTx2PofmDCI
the UE separately determines and resolves time overlapping among first PUSCH transmissions that use respective first spatial domain filters corresponding to first TCI-State or TCI-UL-State associated with the first CORESETs, and among second PUSCH transmissions that use respective second spatial domain filters corresponding to second TCI-State or TCI-UL-State associated with the second CORESETs.



Proposal 13: A UE first resolves the overlapping among UL channels and then determines whether to transmit the result UL channel if the channel overlaps with non-active duration of cell DRX.
5 Conclusion 
The contribution discusses cell DTX/DRX related procedure and the proposals are summarized below.
Proposal 1: RAN1 conclude that TRS is not impacted by cell DTX.
Proposal 2: RAN1 conclude that UE transmits PUSCH with AP-CSI during non-active periods of cell DRX if a PDCCH providing a DCI format triggering AP-CSI is received.
Proposal 3: RAN1 conclude that a UE monitors DCI format 2_9 during non-active periods of cell DTX.
Proposal 4: A UE does not transmit the HARQ-ACK information bit for a SPS PDSCH if the SPS PDSCH overlaps with the non-active periods and there is no other HARQ-ACK information bit in the same PUCCH slot with the HARQ-ACK information bit for the SPS PDSCH. UE generates a NACK information bit for a SPS PDSCH if the SPS PDSCH overlaps with the non-active periods and there is another HARQ-ACK information bit in the same PUCCH slot with the HARQ-ACK information bit for the SPS PDSCH.
Proposal 5: When cell DTX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of P/SP CSI-RS 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.
Proposal 6: UE receives/transmits the following channels overlapping with both active and non-active periods of cell DTX/DRX, respectively.
· SPS PDSCH
· PDCCH that are not monitoring during non-active periods of cell DTX
· P/SP-CSI-RS for CSI
· P/SP CSI report 
· P/SP SRS
· SR
· CG PUSCH
Proposal 7: Adopt the following TP for TS 38.212.
Reason for change: The RRC parameter for DCI format 2_9 is not specified.
Summary of change: The RRC parameter cellDTRX-DCI-config configures the activation/deactivation of cell DTX/DRX for a serving cell.
Consequences if not approved: UE is not clear about the indication of DCI format 2_9.
	7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs. 
The following information is transmitted by means of the DCI format 2_9 with CRC scrambled by NES-RNTI:
-	block number 1, block number 2,…, block number N
	where the starting position of a block is determined by the parameter positionInDCI-cellDTRX provided by higher layers for the UE.
If the UE is configured with higher layer parameter XYZ cellDTRX-DCI-config for a serving cell, one or more blocks are configured for the UE by higher layers, with the following field is defined for each a corresponding block:
-	Cell DTX/DRX indication – 2 bits if XYZ cellDTRX-DCI-config configures both cell DTX and cell DRX, with the MSB corresponding to cell DTX configuration and the LSB corresponding to cell DRX configuration; otherwise 1 bit. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9.



Proposal 8: Adopt the following TP for TS 38.213. 
Reason for change: The RRC parameter for DCI format 2_9 is not specified.
Summary of change: The RRC parameter cellDTRX-DCI-config configures the activation/deactivation of cell DTX/DRX for a serving cell.
Consequences if not approved: UE and gNB may have different understanding regarding the indication of DCI format 2_9.
	11.5	Adaptation of cell operation
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 [11, 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 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 
-	if the UE is configured with both cell DTX operation and cell DRX operation for the serving cell by cellDTRX-DCI-config, the cell DTX/DRX indicator field includes two bits where the first bit indicates the cell DTX operation and the second bit indicates the cell DRX operation
-	if the UE is configured with only one of the cell DTX operation and cell DRX operation for the serving cell by cellDTRX-DCI-config, the cell DTX/DRX indicator field includes one bit indicating one of the cell DTX operation and cell DRX operation, respectively, for the serving cell
-	a '0' value for a bit of the cell DTX/DRX indicator field indicates deactivation of cell DTX or of cell DRX
-	a '1' value for a bit of the cell DTX/DRX indicator field indicates activation of cell DTX or of cell DRX
-	if the serving cell is configured with a SUL carrier, the cell DTX/DRX indicator field indication for activation or deactivation of cell DRX applies to both the UL carrier and the SUL carrier



Proposal 9: If a UE does not detect a PDCCH providing DCI format 2_9 at a monitoring occasion for DCI format 2_9, the UE shall assume that the current operation state on the cell is maintained.
Proposal 10: When a PDCCH schedules a PDSCH overlapping with a SPS PDSCH where the SPS PDSCH is not expected to be received by the UE due to cell DTX, the overriding timeline condition does not need to be satisfied. Adopt the following TP for TS 38.214.
Reason for change: The overlapping PDSCHs does not differentiate SPS PDSCH with or without non-active period of cell DTX in the current specification 
Summary of change: SPS PDSCH overlapping with non-active period of cell DTX are excluded from the overlapping PDSCHs for DL scheduling timeline restriction
Consequences if not approved: Unnecessarily enforce gNB to satisfy a timeline restriction for scheduling PDSCHs
	The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission except the PDSCH(s) overlapping with non-active periods of cell DTX if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where m and the symbol duration are based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respective search space sets, as described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time is used.



Proposal 11: A UE first determines SPS PDSCH reception based on cell DTX non-active periods and then the UE resolves the overlapping SPS PDSCHs on a same serving cell. Adopt the following TP for TS 38.214.
Reason for change: The overlapping PDSCHs does not differentiate SPS PDSCH with or without non-active period of cell DTX in the current specification 
Summary of change: SPS PDSCH overlapping with non-active period of cell DTX are excluded from the overlapping PDSCHs for resolving overlapping SPS PDSCHs
Consequences if not approved: Unnecessarily enforce gNB to not transmit a SPS PDSCH overlapping with another SPS PDSCH in non-active periods of cell DTX  
	If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, or determined as non-active periods of cell DTX, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 



Proposal 12: CG PUSCH/PUSCH with SP-CSI overlapping with non-active periods of cell DRX are excluded for resolving the overlapping PUCCHs/PUSCHs. Adopt the following TP for TS 38.213.
Reason for change: The overlapping PUCCHs/PUSCHs does not differentiate CG PUSCH transmissions and PUSCH transmissions with SP-CSI with or without non-active period of cell DRX in the current specification 
Summary of change: the UE excludes CG PUSCH transmissions and PUSCH transmissions with SP-CSI overlapping with non-active periods of cell DRX for resolving overlapping for PUCCH and/or PUSCH transmissions
Consequences if not approved: Unnecessarily enforce UE to not transmit HARQ-ACK multiplexed in CG PUSCH transmissions and PUSCH transmissions with SP-CSI in non-active periods of cell DRX  
	A DCI format indicating a SPS PDSCH release, or SCell dormancy without scheduling a PDSCH reception, or indicating a TCI state update without scheduling PDSCH reception, is referred to as a DCI format having associated HARQ-ACK information without scheduling a PDSCH reception. 
When a UE determines overlapping for PUCCH and/or PUSCH transmissions, the UE excludes CG PUSCH transmissions and PUSCH transmissions with SP-CSI overlapping with non-active periods of cell DRX.
For the remaining of this clause, when a UE 
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs, and is provided coresetPoolIndex with a value of 1 for second CORESETs, on active DL BWPs of serving cells, and
-	is provided enableSTx2PofmDCI
the UE separately determines and resolves time overlapping among first PUSCH transmissions that use respective first spatial domain filters corresponding to first TCI-State or TCI-UL-State associated with the first CORESETs, and among second PUSCH transmissions that use respective second spatial domain filters corresponding to second TCI-State or TCI-UL-State associated with the second CORESETs.



Proposal 13: A UE first resolves the overlapping among UL channels and then determines whether to transmit the result UL channel if the channel overlaps with non-active duration of cell DRX.
The observation is summarized below.
Observation 1: It should be up to gNB implementation to configure whether PDCCH monitoring configuration for the new DCI format 2_9 is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats, i.e., no spec impact is needed. 
5 
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