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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:
Support new RNTI (e.g. nes-RNTI) which is configured by higher layer, for scrambling of 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:
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.
Agreement: 
For each serving cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, starting bit position of an information block of DCI format 2_X is provided by UE specific higher layer signaling.
· UE is expected to apply cell DTX or DRX activation/deactivation change at beginning of the slot X where the SCS of slot X is with respect to the active DL or UL BWP of the serving cell, respectively.
· Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the slot containing the PDCCH of DCI format 2_X based on SCS of PDCCH.
	SCS of PDCCH (kHz)
	Value of D (in unit of slot)

	15
	3

	30
	6

	60
	12

	120
	24

	480
	96

	960
	192






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. 
An example is given in Figure 1 for the case with either only one cell DTX or DRX pattern is configured per serving cell, i.e. Block#2, or both a single cell DTX and DRX pattern are configured per serving cell, i.e. for the information blocks other than Block#2.
	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
	Padding

	2 bits
	1 bit
	2 bits
	…
	2 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
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Figure 1: Illustration of the new DCI format 2_9 content when a single cell DTX and/or cell DRX is configured
Proposal 1: [TP#1 to TS 38.212, Sec. 7.3.1, Table 7.3.1-1] Capture in TS 38.212 that the (de)-activation could be applied for both cell DTX and cell DRX when both are configured for a serving cell, or applied for only cell DTX or cell DRX if only one of it is configured.
TP#1 to TS 38.212, Sec. 7.3.1:
Reason for change: The current wording doesn’t clearly capture the cases where both cell DTX and cell DRX are configured or only cell DTX or cell DTX is configured .
Summary of change: Replace “Activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs.” by “Activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs.”
Consequences if not approved: unclear specification
*** Unchanged parts are omitted ***
Table 7.3.1-1: DCI formats
DCI format
Usage
0_0
Scheduling of PUSCH in one cell
0_1
Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)
0_2
Scheduling of PUSCH in one cell
1_0
Scheduling of PDSCH in one cell
1_1
Scheduling of one or multiple PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback
1_2
Scheduling of PDSCH in one cell
2_0
Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching
2_1
Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE
2_2
Transmission of TPC commands for PUCCH and PUSCH
2_3
Transmission of a group of TPC commands for SRS transmissions by one or more UEs
2_4
Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE
2_5
Notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]
2_6
Notifying the power saving information outside DRX Active Time for one or more UEs
2_7
Notifying paging early indication and TRS availability indication for one or more UEs.
2_9
Activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs.
3_0
Scheduling of NR sidelink in one cell
3_1
Scheduling of LTE sidelink in one cell
4_0
Schedulng of PDSCH with CRC scrambled by MCCH-RNTI/G-RNTI for broadcast
4_1
Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast
4_2
Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast
*** Unchanged parts are omitted ***





Similar CR proposal illustrated above should be applied to TS 38.212, Sec. 7.3.1.3.10.
Proposal 2: [TP#2 to TS 38.212, Sec. 7.3.1.3.10] Capture in TS 38.212 the two cases where both cell DTX and cell DRX are configured for a serving cell or only one cell DTX or cell DRX is configured.
Moreover, as agreed, 2 bits are needed for activation or deactivation of cell DTX and cell DRX configurations when both cell DTX and DRX are configured for the serving cell, otherwise only 1 bit is needed for activation or deactivation of cell DTX or cell DRX configuration when only cell DTX or cell DRX is configured. The corresponding part in TS 38.212, Sec. 7.3.1.3.10 should be stated more explicitly. 
Proposal 3: [TP#2 to TS 38.212, Sec. 7.3.1.3.10] Regarding “2 bits are needed for activation or deactivation of cell DTX and cell DRX configurations when both cell DTX and DRX are configured for the serving cell, otherwise only 1 bit is needed for activation or deactivation of cell DTX or cell DRX configuration when only cell DTX or cell DRX is configured”, more explicit description is needed.  
TP#2 to TS 38.212, Sec. 7.3.1.3.10:
Reason for change: Clarify that 2 bits will be needed if both cell DTX and cell DRX are configured for a serving cell; otherwise (i.e. only one cell DTX or cell DRX is configured), 1 bit will be needed which corresponds to cell DTX or cell DRX configuration activation or deactivation.
Summary of change: Explicit description of “2 bits are needed for activation or deactivation of cell DTX and cell DRX configurations when both cell DTX and DRX are configured for the serving cell, otherwise only 1 bit is needed for activation or deactivation of cell DTX or cell DRX configuration when only cell DTX or cell DRX is configured”.
Consequences if not approved: unclear specification
[bookmark: _Toc19798774][bookmark: _Toc26467245][bookmark: _Toc29326606][bookmark: _Toc29327756][bookmark: _Toc36045946][bookmark: _Toc36046206][bookmark: _Toc36046352][bookmark: _Toc45209269][bookmark: _Toc51852443][bookmark: _Toc121820482]*** Unchanged parts are omitted ***
7.3.1.3.10	Format 2_9
DCI format 2_9 is used for activating or de-activating the cell DTX and/or 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 the activation or deactivation of cell DTX configuration and the activation or deactivation of LSB corresponding to cell DRX configuration; otherwise 1 bit corresponding to cell DTX or DRX configuration activation or deactivation. 
The size of DCI format 2_9 is indicated by the higher layer parameter sizeDCI-2-9. 
*** Unchanged parts are omitted ***






Furthermore, to describe the “2 bits”, the MSB and LSB were used in TS 38.212, as shown in below.
	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. 


To align the terminology of description between specifications, the corresponding part of “first bit” and “second bit” in TS 38.213 should be updated with MSB and LSB, as being used in TS 38.212.
Proposal 4: [TP#3 to TS 38.213, Sec. 11.5] To align the terminology of description, the corresponding part of “first bit” and “second bit” in TS 38.213 should be updated with MSB and LSB, as being used in TS 38.212.
TP#3 to TS 38.212, Sec. 11.5:
Reason for change: align the terminology with TS 38.212, on the definition of the cell DTX/DRX indicator field.
Summary of change: replace “first” by “MSB” and “second” by “LSB”.
Consequences if not approved: misalignment between specifications 
*** Unchanged parts are omitted ***
[bookmark: _Toc12021493][bookmark: _Toc20311605][bookmark: _Toc26719430][bookmark: _Toc29894866][bookmark: _Toc29899165][bookmark: _Toc29899583][bookmark: _Toc29917323][bookmark: _Toc36498197][bookmark: _Toc45699225][bookmark: _Toc137056426]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, the cell DTX/DRX indicator field includes two bits where the MSB bit indicates the cell DTX operation and the LSB bit indicates the cell DRX operation
*** Unchanged parts are omitted ***


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



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 1: Based on the agreements from the previous meeting, 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.
So far, it is still unclear on how the common search space configuration in the non-active period of cell DTX/DRX should be specified. Generally, the non-active period of cell DTX/DRX is designed for the network energy saving purpose, where the monitoring of the DCI format 2_9 during the non-active period of cell DTX/DRX could allow the network to switch to the active state again for handling arrival of emergency calls and public safety services. 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 is expected that the common search space configuration, i.e. periodicity, for monitoring of DCI format 2_9 during the non-active period can be 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 2: 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 5: The common search space configuration, i.e. periodicity, for monitoring of DCI format 2_9 during the cell DTX non-active period can be different from the monitoring of DCI format 2_9 during the active period.

Impact of cell DTX/DRX on the transmission/reception of signals/channels 
On the transmission/reception of signals/channel during non-active periods of cell DTX/DRX, the following agreements and conclusions were made. 
	[bookmark: _Hlk144446944]Agreement@RAN1#112bis-e
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behaviour for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behaviour for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behaviour is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period
[bookmark: _Hlk144449450]Agreement@RAN1#112bis-e
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period
Agreement@RAN1#114
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.
· Note: HARQ-ACK of SPS PDSCH not received due to non-active period of cell DTX is impacted.
Agreement@RAN1#114
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


Based on the CR comments from companies in previous meeting, the above agreements should be captured in the MAC-layer specification TS 38.321, similar to where the description of legacy UE C-DRX was captured. Thus, it is proposed that RAN1 WG sends LS to RAN2 WG, and kindly ask RAN2 to capture the above RAN1 agreements/conclusions on impact of channels/signals during non-active period of cell DTX/DRX in TS 38.321.
Proposal 6: RAN1 WG send LS to RAN2 WG, and kindly ask RAN2 to capture the above RAN1 agreements/conclusions on impact of channels/signals during non-active period of cell DTX/DRX in TS 38.321.
Moreover, RAN1 should further clarify that, during the non-active period of cell DTX, there is no impact to PRS and CSI-RS for RRM/RLM/BFD/BM/Tracking, and the legacy behaviors should be applied.
Proposal 7: RAN1 should further clarify in the LS to RAN2 or with a new conclusion, states that, there is no impact to the UE reception and/or processing from the gNB of PRS and CSI-RS for RRM/RLM/BFD/BM/Tracking, and the legacy behaviors should be applied for those signals during the non-active period of cell DTX.

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.
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.
Observation 3: 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.
Proposal 8: RAN1 considers the impact of cell DTX non-active periods, specifically the omitting/dropping of some PDSCHs, on existing HARQ-ACK codebook generation (at least considering Type 1 HARQ-ACK codebook) as follows:
· For HARQ-ACK codebook generation, the UE omits any PDSCH time allocation, and thus HARQ-ACK bits, corresponding to a PDSCH that would overlap with a cell DTX non-active period.

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 2, in contrast to legacy handling shown in Figure 3.
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Figure 2: 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 3: 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 9: 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 4: 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 10: 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 11: 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: [TP#1 to TS 38.212, Sec. 7.3.1, Table 7.3.1-1] Capture in TS 38.212 that the (de)-activation could be applied for both cell DTX and cell DRX when both are configured for a serving cell, or applied for only cell DTX or cell DRX if only one of it is configured.
Proposal 2: [TP#2 to TS 38.212, Sec. 7.3.1.3.10] Capture in TS 38.212 the two cases where both cell DTX and cell DRX are configured for a serving cell or only one cell DTX or cell DRX is configured.
Proposal 3: [TP#2 to TS 38.212, Sec. 7.3.1.3.10] Regarding “2 bits are needed for activation or deactivation of cell DTX and cell DRX configurations when both cell DTX and DRX are configured for the serving cell, otherwise only 1 bit is needed for activation or deactivation of cell DTX or cell DRX configuration when only cell DTX or cell DRX is configured”, more explicit description is needed.  
Proposal 4: [TP#3 to TS 38.213, Sec. 11.5] To align the terminology of description, the corresponding part of “first bit” and “second bit” in TS 38.213 should be updated with MSB and LSB, as being used in TS 38.212.
Observation 1: Based on the agreements from the previous meeting, 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 2: 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 5: The common search space configuration, i.e. periodicity, for monitoring of DCI format 2_9 during the cell DTX non-active period can be different from the monitoring of DCI format 2_9 during the active period.
Proposal 6: RAN1 WG send LS to RAN2 WG, and kindly ask RAN2 to capture the above RAN1 agreements/conclusions on impact of channels/signals during non-active period of cell DTX/DRX in TS 38.321.
Proposal 7: RAN1 should further clarify in the LS to RAN2 or with a new conclusion, states that, there is no impact to the UE reception and/or processing from the gNB of PRS and CSI-RS for RRM/RLM/BFD/BM/Tracking, and the legacy behaviors should be applied for those signals during the non-active period of cell DTX.
Observation 3: 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.
Proposal 8: RAN1 considers the impact of cell DTX non-active periods, specifically the omitting/dropping of some PDSCHs, on existing HARQ-ACK codebook generation (at least considering Type 1 HARQ-ACK codebook) as follows:
· For HARQ-ACK codebook generation, the UE omits any PDSCH time allocation, and thus HARQ-ACK bits, corresponding to a PDSCH that would overlap with a cell DTX non-active period.
Proposal 9: 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.
Proposal 10: 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 11: 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.

References
[1] [bookmark: _Ref92458346]R1-2308948, “Remaining issues for techniques in Spatial and Power Domains”, Nokia, Nokia Shanghai Bell, RAN1#114bis, October 9 - 13, 2023.
	
	
	



image1.png
cc

cc3

Cell DRX non-active period  Cell DRX active period

Step 0

Exclude PUSCH
#1as it overlaps

with cell DRX
non-active period

Step 1

Handle the overlapping
between the PUCCH
and the remaining

PUSCH(s), i.e., PUSCH #2

L&
e
==





image2.png
cct

cc3

Cell DRX non-active period Cell DRX active period

Step 1
UCI multiplexing on
handle the overlappi
between the Puccrni

and PUSCH(s), ie.,
PUSCH #1 & #2

ion
of cell DRX non-active
periods.





