[bookmark: _Hlk7194408][bookmark: _Hlk110842847][bookmark: _Hlk146694052][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #114bis			     R1-2310039
Xiamen, China, October 9th – October 13th, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Maintenance of enhancements on Cell DTX/DRX mechanism
[bookmark: Source]Agenda Item:	8.5.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#114 meeting [1], there were discussions on cell DTX/DRX, and this topic was concluded. In this contribution, we provide our further views for maintenance on cell DTX/DRX mechanism.

2. Discussion
2.1. PDCCH for DCI format 2_9
On PDCCH monitoring for DCI format 2_9 for cell DTX/DRX, the following agreements were made in the previous meetings, and the following CR was approved.
	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
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

	38.213
10.1	UE procedure for determining physical downlink control channel assignment 
<omitted text>
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, CI-RNTI, or NES-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
<omitted text>
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, pei-SearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a PEI-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI
then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI format with CRC scrambled with the RNTI per slot.


There seems to be no definitive RAN1 agreement on whether DCI format 2_9 for cell DTX/DRX should be on PCell only or not as the CR editor pointed out. According to the RAN2 agreements, cell DTX/DRX operation for SCell is supported, and cell DTX/DRX configuration can be configured per a serving cell. 
In that sense, we support that UE can receive DCI format 2_9 on either of PCell or SCell to activate or deactivate cell DTX/DRX. We think that in typical case where cell#A is Pcell for UE#1 and cell#A is Scell for UE#2, and cell#B is vice versa, cell DTX/DRX operation/configuration for cell#A and cell#B (for UE#1 and UE#2) would be same. In order to reduce the overhead of control information especially in case of same information for both UEs, the scenario where one DCI format 2_9 is transmitted on cell#A (or cell#B) for DTX/DRX for both UE#1 and UE#2 should be supported.

Proposal 1 (for conclusion):
· A UE configured to monitor PDCCH for DCI format 2_9 monitors DCI format 2_9 on a serving cell which is PCell or SCell according to the configuration.

Regarding whether NES-UEs are required to process more than one DCI format 2_9 with CRC scrambled with NES-RNTI per a slot or not, we slightly prefer no need to do so. In practice, it is clear that one cell is in the one state of cell DTX/DRX for one UE at a given time. Even during a slot, since UE requires some processing time to apply one DCI format 2_9 as agreed, it is not preferable for UE to require processing multiple DCI format 2_9 within a slot. There may be no essential case to require NES-UEs to receive more than one DCI format 2_9 within a slot. If required, RAN1 needs to specify complex UE behaviour for the case of receiving multiple DCI format 2_9 that may carry different information within a slot.

Proposal 2:
· A UE configured to monitor PDCCH for DCI format 2_9 does not expect to process information from more than one DCI format 2_9 per slot.


The following agreements and CRs regarding UE behaviour to receive DCI format 2_9 for cell DTX/DRX were made at 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.
Agreement
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.
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






	38.213
[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 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, 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
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells.
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current  cell DTX operation or cell DRX operation for a second serving cell, the UE operates on the second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the second serving cell, respectively, that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1.
Table 11.5-1: Minimum time gap value  
	SCS (kHz)
	Number of slots 

	15
	3

	30
	6

	60
	12

	120
	24

	[bookmark: _Hlk39518746]480
	96

	960
	192


*** Unchanged parts are omitted ***


Regarding the last part of the above CR, the terminology of ‘first’ and ‘second’ serving cell may be misunderstanding, as some companies commented. A first serving cell on which DCI format 2_9 is transmitted and a second serving cell for which DCI format 2_9 indicates activation or deactivation of cell DTX/DRX can be same or different. The text of ‘for a second serving cell’ seems to imply that the second serving cell is different from the first serving cell. This is not the original intention. The following modification should be made to avoid such misunderstanding.

Proposal 3:
· Apply the following TP.
	38.213
11.5	Adaptation of cell operation 
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current  cell DTX operation or cell DRX operation for a same or different serving cell, the UE operates on the indicated second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the indicated second serving cell, respectively, that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1.




2.2. Signals/Channels impacted by cell DTX/DRX
The following agreements and CRs regarding cell DTX/DRX were made at previous meetings.
	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)
<omitted FFS>
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


	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 
<omitted FFS>
Agreement
For the FFS from agreement from RAN1 #112bis
· SRS for positioning is not impacted by cell DRX operation.
Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.
Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH



	38.214
[bookmark: _Toc11352098][bookmark: _Toc20317988][bookmark: _Toc27299886][bookmark: _Toc29673151][bookmark: _Toc29673292][bookmark: _Toc29674285][bookmark: _Toc36645515][bookmark: _Toc45810560][bookmark: _Toc137117096]5.1.6.1	CSI-RS reception procedure
<omitted text>
During non-active periods of cell DTX, the UE configured with cell DTX is not expected to receive the periodic CSI-RS and semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig associated with the higher layer parameter reportQuantity comprising at least ‘RI’.
<omitted text>

	38.214
6.2.1	UE sounding procedure

The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet or SRS-PosResourceSet. For each SRS resource set configured by SRS-ResourceSet, a UE may be configured with SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability [13, 38.306]. When SRS resource set is configured with the higher layer parameter SRS-PosResourceSet, a UE may be configured with K ≥1 SRS resources (higher layer parameter SRS-PosResource), where the maximum value of K is 16. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS resource sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
During non-active periods of cell DRX, the UE configured with cell DRX is not expected to transmit the periodic SRS, or semi-persistent SRS for channel acquisition. SRS for positioning is not impacted by cell DRX operation.
<omitted text>


In the current situation, the signals/channels that were agreed to be impacted by cell DTX/DRX operation in RAN1, are captured in RAN1 spec. while the impacts on signals/channels agreed in RAN2 are captured in RAN2 spec. Rather, we believe that it is desirable to capture all signals/channels impacted by cell DTX/DRX in one TS for easy reading and maintenance, unless there is any special reason. In addition, how to write new descriptions in the specification for new function should follow the existing concept for similar function if any (in this case, UE DRX) to keep the consistency of the specifications. For UE DRX feature, we see that UE behaviours during off-duration of UE DRX, for example, SRS transmission and PDCCH reception are specified in MAC spec.
Based on the above reason, we cannot see any reasonable motivation to capture the UE behaviors on CSI-RS and SRS transmissions during cell DTX/DRX in RAN1 spec., thus we propose followings.

Proposal 4:
· Delete the descriptions for CSI-RS transmissions during non-active periods of cell DTX in clause 5.1.6.1 in TS.38.214. 
· Send an LS to RAN2 to inform agreements on the CSI-RS transmissions during non-active periods of cell DTX and ask to update TS.38.321 accordingly. 

Proposal 5:
· Send an LS to RAN2 to inform agreements on the PDCCH monitoring for DCI format 2_0 – 2_5 during non-active periods of cell DRX and ask to update TS.38.321 accordingly. 

Proposal 6:
· Delete the descriptions for SRS transmissions during non-active periods of cell DRX in clause 6.2.1 in TS.38.214. 
· Send an LS to RAN2 to inform agreements on the SRS transmissions during non-active periods of cell DRX and ask to update TS.38.321 accordingly. 


2.3. Higher layer parameters
At the RAN1#114 meeting, the following latest RRC parameters list for cell DTX/DRX was made.
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE
	Specification

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-DCI-config
	New
	　
	Include the configuration for new DCI format 2_X for triggering Cell DTX/DRX.
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	dci-Format2-X
	New
	　
	If configured, the UE monitors the DCI format 2_X with CRC scrambled by NES-RNTI according to TS 38.213, clause [10.X].
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-RNTI 
	New
	　
	RNTI value for scrambling CRC of DCI format 2-X for triggering Cell DTX/DRX.
	RNTI-Value
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	sizeDCI-2-x
	New
	　
	Size of DCI format 2-X
	1…140
	　
	Per serving cell
	No
	38.331


Firstly, we would like to share our view on the structure of the listed RRC parameters. ‘nes-DCI-config’ includes ‘nes-RNTI’ and ‘sizeDCI-2-x’, and ‘dci-Format2-X’ is included under the existing IE ‘common’ in ‘search space’. This is straightforward following the existing structure of the RRC parameters. 
The value of ‘nes-DCI-config’ seems to be undecided at this stage in RAN1 because whether multiple patterns for cell DTX/DRX is supported or not seems to be under discussion in RAN2. 
Following the legacy RRC parameters for the other group common DCI formats, the value of ‘dci-Format2-X’ would be empty (‘…’) or the number of PDCCH candidates per each aggregation level which can be configured for the specific DCI format. As there has been no agreement on number of PDCCH candidates per aggregation level for DCI format 2_9, RAN1 should discuss on the number of PDCCH candidates per aggregation level for DCI format 2_9, e.g., whether to specify some relaxation/limitation for UE PDCCH monitoring for DCI format 2_9 as for DCI format 2_0 (where UE only monitors the first one or two PDCCH candidates of the configured aggregation level). 
For the descriptions, since DCI format 2-9 is used to activate or deactivate cell DTX/DRX, following modification should be applied.

Proposal 7:
· RAN1 should discuss and decide about the number of PDCCH candidates per aggregation level for DCI format 2_9, e.g., whether to specify some relaxation/limitation for UE PDCCH monitoring for DCI format 2_9.

Proposal 8:
· Apply the following update to the RRC parameters of cell DTX/DRX. 
	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-DCI-config
	New
	　
	Include the configuration for new DCI format 2_X9 for activating and/or deactivating triggering Cell DTX/DRX.
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	dci-Format2-X9
	New
	　
	If configured, the UE monitors the DCI format 2_ X9 with CRC scrambled by NES-RNTI according to TS 38.213, clause [10.X].
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-RNTI 
	New
	　
	RNTI value for scrambling CRC of DCI format 2- X9 for activating and/or deactivating triggering Cell DTX/DRX.
	RNTI-Value
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	sizeDCI-2-x9
	New
	　
	Size of DCI format 2- X9
	1…140
	　
	Per serving cell
	No
	38.331



3. Conclusion
In this contribution, we discussed cell DTX/DRX. Observations/Proposals are summarized as following: 

Proposal 1 (for conclusion):
· A UE configured to monitor PDCCH for DCI format 2_9 monitors DCI format 2_9 on a serving cell which is PCell or SCell according to the configuration.

Proposal 2:
· A UE configured to monitor PDCCH for DCI format 2_9 does not expect to process information from more than one DCI format 2_9 per slot.

Proposal 3:
· Apply the following TP.
	38.213
11.5	Adaptation of cell operation 
When a UE receives in slot  on the active DL BWP of a first serving cell a PDCCH providing DCI format 2_9 that indicates a change in activation or deactivation of a current  cell DTX operation or cell DRX operation for a same or different serving cell, the UE operates on the indicated second serving cell according to the indicated cell DTX operation or cell DRX operation starting from a slot on the active DL BWP or on the active UL BWP of the indicated second serving cell, respectively, that is not before the beginning of the slot  on the active DL BWP of the first serving cell where  is a number of slots for the SCS of the active DL BWP of the first serving cell in Table 11.5-1.



Proposal 4:
· Delete the descriptions for CSI-RS transmissions during non-active periods of cell DTX in clause 5.1.6.1 in TS.38.214. 
· Send an LS to RAN2 to inform agreements on the CSI-RS transmissions during non-active periods of cell DTX and ask to update TS.38.321 accordingly. 

Proposal 5:
· Send an LS to RAN2 to inform agreements on the PDCCH monitoring for DCI format 2_0 – 2_5 during non-active periods of cell DRX and ask to update TS.38.321 accordingly. 

Proposal 6:
· Delete the descriptions for SRS transmissions during non-active periods of cell DRX in clause 6.2.1 in TS.38.214. 
· Send an LS to RAN2 to inform agreements on the SRS transmissions during non-active periods of cell DRX and ask to update TS.38.321 accordingly. 

Proposal 7:
· RAN1 should discuss and decide about the number of PDCCH candidates per aggregation level for DCI format 2_9, e.g., whether to specify some relaxation/limitation for UE PDCCH monitoring for DCI format 2_9.

Proposal 8:
· Apply the following update to the RRC parameters of cell DTX/DRX. 
	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-DCI-config
	New
	　
	Include the configuration for new DCI format 2_X9 for activating and/or deactivating triggering Cell DTX/DRX.
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	dci-Format2-X9
	New
	　
	If configured, the UE monitors the DCI format 2_ X9 with CRC scrambled by NES-RNTI according to TS 38.213, clause [10.X].
	FFS
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	nes-RNTI 
	New
	　
	RNTI value for scrambling CRC of DCI format 2- X9 for activating and/or deactivating triggering Cell DTX/DRX.
	RNTI-Value
	　
	Per serving cell
	No
	38.331

	Netw_Energy_NR-Core
	Cell DTX/DRX
	　
	　
	　
	　
	sizeDCI-2-x9
	New
	　
	Size of DCI format 2- X9
	1…140
	　
	Per serving cell
	No
	38.331
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