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[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]In this contribution, we will discuss the remaining issues related to the enhancement on cell DTX/DRX. And in our companion contribution, we will discuss the remaining issues on techniques in spatial and power domains [1].
Remaining issues on cell DTX/DRX Mechanism
L1 Signaling aspects for cell DTX/DRX (de)-activation indication
On the design of the new DCI format 2_9, the following agreements were made in the RAN1#114 meeting: 
	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: 
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.


Moreover, in the previous RAN2#123bis meeting, the following agreements were made on cell DTX/DRX and CHO with NES:
	Cell DTX/DRX
· Configuration details:
· Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity, 
· The two configured patterns are aligned,
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.
· Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation). This reverses previous agreement on implicit activation.
· Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured. 
· Standalone cell DRX configuration is possible to configure.  
· Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell. 
· Working assumption on emergency call: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.

CHO
· We agreed to use group common DCI forma 2-X for indicating “cell off” case that may then trigger CHO NES event
· Details how to capture new CHO NES event are left for email discussion. It may become bit complex if rapporteur is not willing to make this simple. 
· After short discussion it was agreed that we don’t need to any work for UE to take target cell NES mode into account



a) On the new DCI format 2_9 content
Based on the outcome of RAN1 #114 meeting, a new DCI format 2_9 with CRC scrambled by the new NES-RNTI was agreed for (de)-activation of cell DTX and/or DRX configuration, which includes at least N information block fields and where each information block field contains (de)-activation indication of a configuration of cell DTX and/or DRX of a serving cell. Moreover, the starting bit position for each information block is determined by a new parameter provided by higher layers for the UE. 
Moreover, practically a gNB may contain multiple serving cells, where different UEs served by the gNB can be configured with different serving cells. From network perspective, one serving cell can be served as Pcell of some UEs or as Scell of other UEs, e.g. for example, UE#1 with serving cell#1 as Pcell and serving cell#2&5 as Scell, UE#2 with serving cell#2 as Pcell and serving cell#1&3 as Scell, and UE#3 with serving cell#1 as Pcell and serving cell#4 as Scell.
Considering the RAN2 LS request (R2-2311589) to RAN1 on requesting to add the indication of NES “cell off” for conditional handover (CHO), as shown below: 
	RAN2 discussed network energy saving in RAN2#123bis, and made below agreement related to Conditional Handover (CHO) enhancement:
Agreements
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.
The intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2-X) is to decouple CHO enhancement for NES from Cell DTX/DRX activation. 


To our view, from RAN1 perspective, the earlier introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be resued for NES cell off indication for CHO event as described below and in our companion contribution [2].
Proposal 1: The introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be reused for NES cell off indication for CHO event.
Furthermore, considering of adding the additional one bit indication for NES cell off for CHO event in DCI format 2-9, with one way, it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in a gNB (Alt-1).
However, practically the HO procedure is based on the Pcell of a UE, not the Scell, the added 1-bit for each serving cell for indicating of NES cell off can be a bit redundant if a given block/serving cell is utilized only as Scell for all UEs in the cell, meaning that there is no need to have the NES cell off indication for Scell of UEs, and the "cell off" indication via Pcell is sufficient for UEs performing HO. Thus, from configuration perspective, it is sensible for gNB to configure which serving cells have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed. As an example shown in Figure 1, assuming that the serving cell of Block#3 is used as Scell for all UEs in the gNB, thus there is no need for the indication bit configured for NES cell off for CHO of that block.
	Block #1
Contains (de)-activation indication of cell DTX and DRX of cell #1 (2-bit)
+Cell off indication (1-bit)
	Block #2
Contains (de)-activation indication of only cell DTX or DRX of cell #2 (1-bit)
+Cell off indication (1-bit)
	Block #3
Contains (de)-activation indication of cell DTX and DRX of cell #3 (2-bit)

	…
	Block #N
Contains (de)-activation indication of cell DTX and DRX of cell #N (2-bit)
+Cell off indication (1-bit)
	Padding

	2+1=3 bits
	1+1=2 bit
	2 bits
	…
	2+1=3 bits
	


Starting position for UEs whose serving cell is cell #1
Starting position for UEs whose serving cell is cell #N
Starting position for UEs whose serving cell is cell #3
Starting position for UEs whose serving cell is cell #2




Figure 1: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-1).
Observation 1: With one way (Alt-1), it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in DCI format 2_9.
Proposal 2: From configuration perspective, it is sensible for gNB to configure which serving cells/blocks have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed.
For another approach (Alt-2), instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO, as shown in Figure 2, where: 
· Option-1: The bit string for NES cell off indication can be placed after the bit string for cell DTX/DRX (de-)activation indication as an example shown in Figure 2, where again a new starting bit position shall be configured via higher-layer configuration for monitoring the indication of serving cell NES off for CHO. The bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, simlar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off is enabled.
· Option-2: As another alternative, the newly added bits for cell off indication for CHO can be also consider to be placed before the cell DTX/DRX (de)-activation indication, where the rest of the design, i.e. new starting bit postion configuration, bit string block structure, etc., are the same as described in Option-1.
Moreover, considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cellis indicated off.

	Block #1
Contains (de)-activation indication of cell DTX and DRX of cell #1
	Block #2
Contains (de)-activation indication of only cell DTX or DRX of cell #2
	Block #3
Contains (de)-activation indication of cell DTX and DRX of cell #3
	…
	Block #N
Contains (de)-activation indication of cell DTX and DRX of cell #N
	Cell off indication
	Padding


	
	
	
	
	
	
	
	
	
	
	

	2 bits
	1 bit
	2 bits
	…
	2 bits
	x bits
	


Additional starting position for cell OFF indication
Starting position for UEs whose serving cell is cell #N
Starting position for UEs whose serving cell is cell #1
Starting position for UEs whose serving cell is cell #3
Starting position for UEs whose serving cell is cell #2




[bookmark: _Ref149821064]Figure 2: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-2).
Observation 2: Instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO (Alt-2).
Proposal 3: The bit field for NES cell off indication can be considered to be placed either after or before the bit field for cell DTX/DRX (de-)activation indication.
Proposal 4: The information bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the information bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, similar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off for CHO is enabled.
Proposal 5: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cell is indicated off.
Furthermore, for the above Alt-1 and Alt-2, the indication for NES cell off for CHO is mixed or combined with the indication for cell DTX/DRX (de-)activation in the same bit field string of DCI format 2-9. Considering that these two NES features can be rather independent to each other, where the (de-)activation of cell DTX/DRX and cell OFF for CHO do not need to be indicated at the same time for the same serving cell. 
Observation 3: The two NES features (i.e. Cell DTX/DRX (de-)activation and NES cell OFF for CHO) do not need to be indicated at the same time for the same serving cell.
Thus, to limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features), it can be benefit to re-interpret the bit fields of DCI format 2-9 (Alt-3) where it was originally defined for cell DTX/DRX (de-)activation indication, and to add a bit in the bit string (e.g. 1st bit of the bit string) to inform the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered for the indicated information in the bit field.
Proposal 6: To limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features, as another alternative (Alt-3), it can be benefit to re-interpret the bit fields of DCI format 2-9 as it was originally defined for cell DTX/DRX (de-)activation indication. 
Proposal 7: A flag bit in the information bits informs the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered.
The flag bit can be considered to be either per block (i.e. with re-interpret the information bits only within a given block for a serving cell, such that one or more of the serving cells can be indicated as CHO cell off and other serving cells can be indicated with the changing of the cell DTX/DRX status), or as another alternative the flag bit can be also considered for the whole information bit in the bit field of DCI format 2_9, i.e. with one example as shown in Figure 3, a flag-bit in the bit string of the DCI (e.g., 1st bit of the bit string) informs UEs which one of the two NES features (i.e., Cell DTX/DRX or Cell OFF) should be considered for the indicated information in the bit string, where:
· a flag-bit with value=0 represents the bit string is used for (de-)activation of cell DTX/DRX purpose, where multi-block structure is applied by UE. 
· a flag-bit with value=1 represents the bit string is used for cell off indication for CHO, where single block structure is assumed and applied by UEs.

	


Figure 3: Illustration of the new DCI format 2_9 content indicating a single cell DTX and/or cell DRX (de)-activation and cell off (Alt-3). 



Proposal 8: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, Alt-3 for cell off indication is preferred.

b) On PDCCH monitoring for the new DCI format 2_9 
Regarding the PDCCH monitoring during cell DTX, the following agreements were made in RAN1#114:
	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: 
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: 
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



The following has been proposed by the FL in R1-2310454, but unfortunately it had been left out in the end due to limited time in the previous meeting:
	Proposal #6-7
Conclusion:
· UE is expected to continue monitoring all configured DCI formats in non-active periods of cell DTX unless there is an explicit agreement to not perform monitoring.
· UE is expected to only update the L1-based cell DTX/DRX activation/deactivation configuration upon successful reception of DCI format 2-9. The UE retains previous activation and deactivation of the cell DTX/DRX configuration when UE has not received DCI format 2-9 during monitoring occasions.



Based on the agreements, it is understood that the new DCI format 2_9 for (de-)activation of cell DTX/DRX will be monitored by UE in the configured common search space of both active period and non-active period of cell DTX/DRX.
Observation 4: It is understood that the new DCI format 2_9 for (de-)activation of cell DTX/DRX will be monitored by UE in the configured common search space of both active periods and non-active periods of cell DTX.
Generally, the non-active period of cell DTX/DRX is designed for the network energy saving purpose, where the indication and monitoring of DCI format 2_9 during the non-active period of cell DTX/DRX provide the opportunities for network for handling sporadic arrival of urgent services, i.e. with switching to the normal active state operation again by deactivating of cell DTX/DRX operation. On the other hand, if there is no data arrival at all at the network, the network may decide to keep sleeping for energy saving in the non-active period of cell DTX/DRX with possible “disabling” of the upcoming active period of cell DTX/DRX via DCI format 2_9 indication in the UE monitoring occasion during the non-active period of cell DTX/DRX.  
Observation 5: Monitoring of the DCI format 2_9 during the non-active period of cell DTX/DRX provide the opportunities for the network for handling arrival of urgent services, i.e. with switching to the normal active state operation again by deactivating of cell DTX/DRX operation.
Observation 6: If there is no data arrival at all at the network, the network may decide to keep sleeping for energy saving in the non-active period of cell DTX/DRX with “disabling” of upcoming active period of cell DTX/DRX via DCI format 2_9 indication in the UE monitoring occasion during the non-active period of cell DTX/DRX.
Proposal 9: RAN1 to confirm the common understanding that the new DCI format 2_9 for (de-)activation of cell DTX/DRX can be monitored by UE in the configured Type-3 PDCCH CSS of both active periods and non-active periods of cell DTX.
Moreover, practically as a tradeoff between network energy saving and system performance, the monitoring of DCI format 2_9 during the cell DTX non-active period can be less often than the monitoring of DCI format 2_9 during the active period. Thus, it can be that the common search space configuration, i.e. periodicity, for monitoring of DCI format 2_9 during the non-active period is different from the monitoring of DCI format 2_9 during the active period, e.g. the monitoring occasions during the non-active period can be configured as multiple of those occurring in the active period, conditioned to the cell DTX cycle length and other parameters.
Observation 7: Practically, as a tradeoff between network energy saving and system performance, the monitoring of DCI format 2_9 during the cell DTX non-active period can be less often than the monitoring of DCI format 2_9 during the active period.
Proposal 10: For cell configured with DTX, the monitoring periodicity of DCI format 2_9 in the non-active period can be different from the monitoring periodicity of DCI format 2_9 in the active period.

Interaction of UE monitoring DCI format 2_9 with UE C-DRX
In the previous RAN1#114bis meeting, one of the controversial issues is whether the UE should monitor the DCI format 2_9 during the off-duration of UE C-DRX. Currently in the specification, the DCI format 2_6 can be monitored by UE during the off-duration of UE C-DRX. And the concerns from companies are the extra power consumption and implementation complexity at UE side when there are separate monitoring occasions of DCI format 2_9 (that is different from the monitoring occasions of DCI format 2_6) during the off-duration of UE C-DRX.
Observation 8: Concern from companies is the extra power consumption and implementation complexity at UE side when there are separate monitoring occasions of DCI format 2_9 during the off-duration of UE C-DRX.
Practically, different UEs in a cell may have different UE C-DRX configured, i.e. with different offset for UE DRX on-duration time for load balancing purpose, where it may result in the on-duration of one UE’s C-DRX can be overlapped with the off-duration of other UEs’ C-DRX. From network perspective, especially during the non-active period of cell DTX/DRX, it is more energy efficient to send the group-common DCI format 2_9 in a single common occasion to all the UEs, rather than network transmitting of DCI format 2_9 in multiple time occasions to each UE respectively. Thus, it is very likely in practice that some of the UEs in any way have to monitor the configured DCI format 2_9 during the off-duration periods of UE C-DRX.
Furthermore, practically if we restrict the UE monitoring on DCI format 2_9 only in all the UEs’ DRX on-duration time, it might in the end the network gNB needs to configure relatively much longer OnDuration for all the UEs that increase the power consumption of the UEs than allowing the DCI format 2_9 monitoring in the off-duration of UE DRX.
Observation 9: Practically, different UEs in a cell may have different UE C-DRX configured, where the on-duration of one UE’s C-DRX can be overlapped with the off-duration of other UEs’ C-DRX. 
Observation 10: From network perspective, especially during the non-active period of cell DTX/DRX, it is more energy efficient to send the group-common DCI format 2_9 in a single common occasion to all the UEs. Thus, it is very likely that some of the UEs in any way have to monitor the configured DCI format 2_9 during the off-duration periods of UE C-DRX.
Observation 11: Practically, if we restrict the UE monitoring on DCI format 2_9 only in all the UEs’ DRX on-duration time, it might in the end the network gNB needs to configure relatively much longer OnDuration for all the UEs that increase the power consumption of the UEs than allowing the DCI format 2_9 monitoring in the off-duration of UE DRX.
During the offline discussion in RAN1#114bis, company proposed a compromised solution with the common monitoring occasion for both DCI format 2_6 and 2_9 during the off-duration period of UE C-DRX, where the UE side implementation can be relaxed. To our view, such limitation can be handled by network implementations. But from specification point of view, the common search space configuration of DCI format 2_9 should be applied independently from the configuration of DCI format 2_6, where different monitoring occasions of DCI format 2_9 from DCI format 2_6 should be allowed by specification during the off-duration periods of UE C-DRX, otherwise from network configuration point of view, the configuration flexibility is quite restricted. 
Proposal 11: UE is expected to monitor DCI format 2-9 during off-duration periods of UE C-DRX, where different monitoring occasions of DCI format 2_9 from DCI format 2_6 should be allowed by specification during the off-duration periods of UE C-DRX.
· Note: the common monitoring occasion for both DCI format 2_6 and 2_9 during the off-duration periods of UE C-DRX can be handled by network implementation.

Analysis of cell DTX/DRX impact to signals/channels
In RAN1#112bis-e, the following agreement was made, where it has been agreed that, during the non-active period of cell DTX in DL, the UE is not expected to receive and/or process the periodic/semi-persistent CSI-RS resource configured in the CSI report configuration with reportQuantity including RI configured for CSI reporting purposes. Similarly, it has also been agreed that, during the non-active period of cell DRX in UL, the UE is not expected to transmit the periodic/semi-persistent CSI report.
	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)
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 


However, for Scell activation, in DL, the UE needs to monitor the P/SP CSI-RS resource for channel measurements before the Scell activation, and the measurements on P/SP CSI-RS resource can be interrupted by non-active periods of cell DTX, which may result in introducing much longer Scell activation delay. Similarly, in UL, for Scell activation, the UE is expected to transmit the valid CSI report to inform network the channel status on the SCell. If the cell DRX is configured on PCell, the CSI report may be interrupted by non-active periods of cell DRX, which again may result in introducing much long SCell activation delay.
Observation 12: The channel measurements on P/SP CSI-RS resource can be interrupted by non-active periods of cell DTX if configured on SCell, which may result in introducing much longer Scell activation delay.
Observation 13: The CSI report may be interrupted by non-active periods of cell DRX if configured on PCell, which again may result in introducing much long SCell activation delay.
To avoid the above negative impacts on Scell activation, we expect the SCell activation delay shall not be interrupted or extended by the non-active periods of cell DTX/DRX. Practically, especially during the non-active periods of cell DTX/DRX, the network may not have the timely occasion for UE DCI monitoring to deactivate the cell DTX before activating a Scell. Thus, the exception rule is necessary for assisting the timely Scell activation, where the P/SP CSI-RS resource transmission for channel measurements for Scell activation during cell DTX non-active periods, and corresponding P/SP CSI report during the cell DRX non-active periods, shall be allowed. Thus, we have the following proposal:
Proposal 12: For assisting fast Scell activation operation, the UE is expected to receive and/or process the P/SP CSI-RS resource transmission for channel measurements for Scell activation during cell DTX non-active periods, and the UE is expected to transmit the P/SP CSI report for Scell activation during the cell DRX non-active periods.

Joint considerations for cell DTX/DRX with legacy operations
Based on RAN1#112bis-e meeting outcome, the following topics are proposed for further studies in RAN1, which are about the interaction of cell DTX/DRX with legacy operations:
	· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.



In this section, we discuss the interactions of cell DTX/DRX with the following legacy operations:
· HARQ-ACK codebook generation
· Intra-UE handling of overlapping UL transmissions
· PUCCH deferral
· PUCCH cell switching

HARQ-ACK codebook generation
First, it’s worth recalling that in legacy Type 1 HARQ-ACK codebook generation, the UE should omit PDSCH allocations that would overlap with a set of symbols indicated as uplink in the TDD configuration. Similarly, considering now cell DTX non-active periods, the impact of such periods on HARQ-ACK feedback content and reporting would need to be considered.
[bookmark: _Hlk149759438]Overall, accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting ‘invalid’ PDSCH resource allocations. Also, given that both gNB and UE have same understanding regarding the absence of a PDSCH transmission when the corresponding PDSCH allocation overlaps with cell DTX, it would be strange and useless to still let the UE provides HARQ-ACK bit for that absent PDSCH.
Observation 14: Accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation is important for the following reasons:
· It can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting ‘invalid’ PDSCH resource allocations. 
· Also, given that both gNB and UE have same understanding regarding the absence of a PDSCH transmission when the corresponding PDSCH allocation overlaps with cell DTX, it would be strange and useless to let the UE still provides HARQ-ACK bit for that PDSCH.

Proposal 13: For HARQ-ACK codebook generation, at least for Type 1 HARQ-ACK codebook, the UE omits the HARQ-ACK bits, corresponding to a dropped PDSCH by UE due to overlapping with the non-active periods of cell DTX.

Intra-UE handling of overlapping UL transmissions
In Rel-15 NR, multiplexing rules and conditions are defined for the scenarios where a PUCCH(s) overlaps (in time) with a PUSCH(s). Handling/multiplexing of PUCCH and PUSCH(s) is valid also for CA (carrier aggregation) cases, where the PUCCH could overlap with one or more PUSCHs on different cells / CCs (component carriers). In Rel-16 only dropping but no multiplexing of channels of different priority is supported. Rel-17 specified the multiplexing of channels with different priorities.
Removing first e.g., invalid PUSCH resource allocations that overlap with cell DRX non-active periods from the overlapping handling for multiplexing / prioritization can help to prevent unnecessary loss of HARQ-ACK / UCI information. This is because a PUSCH that will anyhow be dropped due to overlap with cell DRX non-active period shouldn’t be considered as candidate for UCI multiplexing. An example of how such operation would prevent unnecessary loss of HARQ-ACK/UCI could be found in Figure 4, in contrast to legacy handling shown in Figure 5.
[bookmark: _Hlk149760620]Note that it’s important to define the UE behaviour with respect to UCI multiplexing considering the presence of cell DRX non-active periods in one or more CCs, in order for the gNB to know on which PUSCH the UCI is multiplexed or even whether the UCI is dropped – as shown in the Figures below. Otherwise, if such UE behaviour is not clearly defined, additional complexity would be added at the gNB as it would need to perform multiple hypotheses, and this is clearly not acceptable from a network vendor perspective.
Observation 15: It’s important to define the UE behaviour with respect to UCI multiplexing considering the presence of cell DRX non-active periods (in one or more CCs), in order for the gNB to know on which PUSCH the UCI(s) is multiplexed or even whether the UCI(s) is dropped. Otherwise, if such UE behaviour is not defined, additional complexity would be added at the gNB as it would need to perform multiple hypotheses, and this would not be acceptable from a network vendor perspective.
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Figure 4: Example of handling overlapping UL transmissions including UCI multiplexing operation on PUSCH for cell and appropriately accounting for cell DRX non-active periods.
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Figure 5: Example of handling overlapping UL transmissions without considering cell DRX non-active periods in the multiplexing operation. Step 1 is thus based on legacy handling.

Based on the above, the following handling operation /order could be adopted:
· First exclude/drop any PUSCH from a set of PUSCH that would overlap with a PUCCH if this PUSCH overlaps with a cell DRX non-active period.
· Handle the overlapping between the PUCCH and the remaining (non-dropped or non-excluded) PUSCHs of the set of PUSCHs.
Note that the above handling operation would also work for the case where simultaneous PUCCH and PUSCH transmission is supported.
Proposal 14: RAN1 considers the impact of cell DRX non-active periods on the intra-UE handling of overlapping UL transmissions, in order to avoid unnecessary loss of HARQ-ACK / UCI information, by adopting the following operation/order:
· First, exclude/drop any PUSCH from a set of PUSCH that would overlap with a PUCCH if this PUSCH overlaps with a cell DRX non-active period.
· Then, handle the overlapping between the PUCCH and the remaining (non-dropped/ non-excluded) PUSCHs of the set of PUSCHs.

PUCCH deferral
SPS HARQ-ACK deferral, as described in clause 9.2.5.3 of TS 38.213, was introduced in Rel-17. Further, deferral is in general supported since Rel-15 for PUCCH repetition operation, where a repetition of a PUCCH transmission is only performed in valid UL symbols/slots, i.e., symbols that are not SSB, semi-static downlink symbols, etc.
Observation 16: PUCCH deferral operations in legacy consist of (i) deferral for PUCCH repetition operation (from Rel-15), and (ii) SPS HARQ-ACK deferral (from Rel-17).
Considering now the presence of cell DRX non-active periods, the interaction of cell DRX with the above existing PUCCH deferral operations would need to be discussed. For SPS HARQ-ACK, the following RAN1#114 conclusion indicates no impact on SPS HARQ-ACK by cell DRX non-active periods. 
	Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.


[bookmark: _Hlk134519667]Hence, since no impact is expected on SPS HARQ-ACK by cell DRX non-active periods, we focus on deferral for PUCCH repetition operation. For a similar reason as for the HARQ-ACK codebook generation, non-active periods of cell DRX should be taken into account in the PUCCH repetition in order to avoid unnecessary dropping of PUCCH repetitions.
Proposal 15: RAN1 shall account for cell DRX non-active periods in the (legacy) deferral for PUCCH repetition operation in order to avoid unnecessary dropping of PUCCH repetitions.

PUCCH cell switching
In Rel-17, two modes for PUCCH cell switching were defined for TDD cells in NR: 
1. (Semi-static) PUCCH cell switching based on an RRC configured time-domain pattern, which defines the cell for PUCCH transmission 
2. (Dynamic) PUCCH cells switching based on a dynamic indication in the DCI scheduling PDSCH, indicating the applicable cell for PUCCH cell switching
Considering cell DRX non-active periods, it should be discussed how the existing PUCCH cell switching would interact with the cell DRX. For a similar reason as other operations (covered above), non-active periods of cell DRX should be taken into account in the PUCCH cell switching procedures in order to avoid unnecessary loss of HARQ-ACK/ UCI information. 
Proposal 16: RAN1 shall account for cell DRX non-active periods in the PUCCH cell switching operation in order to avoid unnecessary loss of HARQ-ACK / UCI information.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: The introduced group-common DCI format 2-9 in Rel18 NES for (de-)activation of cell DTX/DRX can be reused for NES cell off indication for CHO event.
Observation 1: With one way (Alt-1), it can be rather straightforward to add 1-bit for indicating of serving cell NES off for CHO in each block corresponding to each serving cell in DCI format 2_9.
Proposal 2: From configuration perspective, it is sensible for gNB to configure which serving cells/blocks have the corresponding bit for NES cell off indication, as well as the starting position of the bit if needed.
Observation 2: Instead of adding 1-bit for each block, we may also consider utilizing the padding bits for indication of serving cells off for CHO (Alt-2).
Proposal 3: The bit field for NES cell off indication can be considered to be placed either after or before the bit field for cell DTX/DRX (de-)activation indication.
Proposal 4: The information bit string for the serving cell NES off indication can be in a form of either a single block or multi-block structure. 
· With single-block structure, each bit in the bit string represents a serving cell and the length of the information bit string can be equal to the total number or subset of serving cells in gNB.
· With multi-block structure, similar as it was defined for the indication of (de-)activation of cell DTX/DRX can be applied, where with fixed 1-bit per block if the NES cell off for CHO is enabled.
Proposal 5: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, the UE may skip the information on the cell DTX/DRX (de)-activation indication if its serving cell is indicated off.
Observation 3: The two NES features (i.e. Cell DTX/DRX (de-)activation and NES cell OFF for CHO) do not need to be indicated at the same time for the same serving cell.
Proposal 6: To limit the UE reception complexity on DCI format 2-9 (i.e. UE decoding a bit field information of only one of the NES features, as another alternative (Alt-3), it can be benefit to re-interpret the bit fields of DCI format 2-9 as it was originally defined for cell DTX/DRX (de-)activation indication. 
Proposal 7: A flag bit in the information bits informs the UE which one of the two NES features (i.e. Cell DTX/DRX (de-)activation and Cell OFF for CHO) should be considered.
Proposal 8: Considering the RAN2 LS request on decoupling the CHO enhancement for NES from cell DTX/DRX (de-)activation, Alt-3 for cell off indication is preferred.
Observation 4: It is understood that the new DCI format 2_9 for (de-)activation of cell DTX/DRX will be monitored by UE in the configured common search space of both active periods and non-active periods of cell DTX.
Observation 5: Monitoring of the DCI format 2_9 during the non-active period of cell DTX/DRX provide the opportunities for the network for handling arrival of urgent services, i.e. with switching to the normal active state operation again by deactivating of cell DTX/DRX operation.
Observation 6: If there is no data arrival at all at the network, the network may decide to keep sleeping for energy saving in the non-active period of cell DTX/DRX with “disabling” of upcoming active period of cell DTX/DRX via DCI format 2_9 indication in the UE monitoring occasion during the non-active period of cell DTX/DRX.
Proposal 9: RAN1 to confirm the common understanding that the new DCI format 2_9 for (de-)activation of cell DTX/DRX can be monitored by UE in the configured Type-3 PDCCH CSS of both active periods and non-active periods of cell DTX.
Observation 7: Practically, as a tradeoff between network energy saving and system performance, the monitoring of DCI format 2_9 during the cell DTX non-active period can be less often than the monitoring of DCI format 2_9 during the active period.
Proposal 10: For cell configured with DTX, the monitoring periodicity of DCI format 2_9 in the non-active period can be different from the monitoring periodicity of DCI format 2_9 in the active period.
Observation 8: Concern from companies is the extra power consumption and implementation complexity at UE side when there are separate monitoring occasions of DCI format 2_9 during the off-duration of UE C-DRX.
Observation 9: Practically, different UEs in a cell may have different UE C-DRX configured, where the on-duration of one UE’s C-DRX can be overlapped with the off-duration of other UEs’ C-DRX. 
Observation 10: From network perspective, especially during the non-active period of cell DTX/DRX, it is more energy efficient to send the group-common DCI format 2_9 in a single common occasion to all the UEs. Thus, it is very likely that some of the UEs in any way have to monitor the configured DCI format 2_9 during the off-duration periods of UE C-DRX.
Observation 11: Practically, if we restrict the UE monitoring on DCI format 2_9 only in all the UEs’ DRX on-duration time, it might in the end the network gNB needs to configure relatively much longer OnDuration for all the UEs that increase the power consumption of the UEs than allowing the DCI format 2_9 monitoring in the off-duration of UE DRX.
Proposal 11: UE is expected to monitor DCI format 2-9 during off-duration periods of UE C-DRX, where different monitoring occasions of DCI format 2_9 from DCI format 2_6 should be allowed by specification during the off-duration periods of UE C-DRX.
· Note: the common monitoring occasion for both DCI format 2_6 and 2_9 during the off-duration periods of UE C-DRX can be handled by network implementation.

Observation 12: The channel measurements on P/SP CSI-RS resource can be interrupted by non-active periods of cell DTX if configured on SCell, which may result in introducing much longer Scell activation delay.
Observation 13: The CSI report may be interrupted by non-active periods of cell DRX if configured on PCell, which again may result in introducing much long SCell activation delay.
Proposal 12: For assisting fast Scell activation operation, the UE is expected to receive and/or process the P/SP CSI-RS resource transmission for channel measurements for Scell activation during cell DTX non-active periods, and the UE is expected to transmit the P/SP CSI report for Scell activation during the cell DRX non-active periods.
Observation 14: Accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation is important for the following reasons:
· It can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting ‘invalid’ PDSCH resource allocations. 
· Also, given that both gNB and UE have same understanding regarding the absence of a PDSCH transmission when the corresponding PDSCH allocation overlaps with cell DTX, it would be strange and useless to let the UE still provides HARQ-ACK bit for that PDSCH.
Proposal 13: For HARQ-ACK codebook generation, at least for Type 1 HARQ-ACK codebook, the UE omits the HARQ-ACK bits, corresponding to a dropped PDSCH by UE due to overlapping with the non-active periods of cell DTX.
Observation 15: It’s important to define the UE behaviour with respect to UCI multiplexing considering the presence of cell DRX non-active periods (in one or more CCs), in order for the gNB to know on which PUSCH the UCI(s) is multiplexed or even whether the UCI(s) is dropped. Otherwise, if such UE behaviour is not defined, additional complexity would be added at the gNB as it would need to perform multiple hypotheses, and this would not be acceptable from a network vendor perspective.
Proposal 14: RAN1 considers the impact of cell DRX non-active periods on the intra-UE handling of overlapping UL transmissions, in order to avoid unnecessary loss of HARQ-ACK / UCI information, by adopting the following operation/order:
· First, exclude/drop any PUSCH from a set of PUSCH that would overlap with a PUCCH if this PUSCH overlaps with a cell DRX non-active period.
· Then, handle the overlapping between the PUCCH and the remaining (non-dropped/ non-excluded) PUSCHs of the set of PUSCHs.
Observation 16: PUCCH deferral operations in legacy consist of (i) deferral for PUCCH repetition operation (from Rel-15), and (ii) SPS HARQ-ACK deferral (from Rel-17).
Proposal 15: RAN1 shall account for cell DRX non-active periods in the (legacy) deferral for PUCCH repetition operation in order to avoid unnecessary dropping of PUCCH repetitions.
Proposal 16: RAN1 shall account for cell DRX non-active periods in the PUCCH cell switching operation in order to avoid unnecessary loss of HARQ-ACK / UCI information.
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On the design of the new DCI format 2_9, the following agreements were made 


in the RAN1#114 


meeting


:
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DCI format 2_X, for activation and deactivation of cell DTX and DRX configuration, 
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at least includes following fields, 
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N information block field(s), 


 


o


 


Spare/reserved padding bits to match the size configured for DCI 2_X (if needed)
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payload size is configurable and within the bounds set by existing RAN1 specification
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an information block field contains signaling


 


of activation or deactivation of ‘a configuration of cell DTX and/or 


DRX’ of ‘a serving cell’
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for serving cell configured with SUL, the same bit is applicable for both NUL and SUL


 


Above applies at least for sTRP case.
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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
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field for cell DTX configuration and one activation/deactivation signaling sub
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field for cell DRX 


configuration


.
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Separate 1 bit indication for each of activation/deactivation for one cell DTX and one cell DRX
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Above does not imply that multiple DTX/DRX patterns is not supported.
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An information block field of DCI format 2_X is variable size either 1 or 2 bits.
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Higher layer signaling
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indicated in DCI format 2_X for a serving cell.
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otherwise, the 1 bit corresponds to the configured cell DTX or cell DRX configuration.
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