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1. Introduction
[bookmark: _Hlk127179368]In RAN1#114 meeting [1], CR on RAN1 spec is endorsed for introduction of network energy saving in Rel-18, including enhancements on cell DTX/DRX mechanism. 
In this contribution, remaining issues for cell DTX/DRX enhancement are discussed.
2. [bookmark: _Hlk118715434][bookmark: _Hlk101275836]HARQ feedback for SPS PDSCH 
In RAN2, it is already agreed that SPS PDSCH is not transmitted in non-active period of cell DTX. However, how to handle the feedback for SPS PDSCH is not determined yet.
In legacy case according to the following spec in TS 38.213, HARQ feedback for SPS PDSCH is not transmitted if SPS PDSCH is cancelled according to semi-static configuration without dynamic signaling involved, e.g., overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon. 
	9.1.2	Type-1 HARQ-ACK codebook determination
In the following pseudo-code, SPS PDSCH receptions associated with a SPS PDSCH configuration are activated by a DCI format with CRC scrambled by a CS-RNTI or by a DCI format with CRC scrambled by a G-CS-RNTI.
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configurations configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH receptions on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
a UE is configured to receive SPS PDSCHs from slot  to slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCHs that are not required to be received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated where  is provided by pdsch-AggregationFactor-r16 in sps-Config or, if pdsch-AggregationFactor-r16 is not included in sps-Config, by pdsch-AggregationFactor in pdsch-config and HARQ- ACK information for the SPS PDSCH is associated with the PUCCH


In legacy case, SPS PDSCH can be also cancelled by SFI carried by DCI 2_0. However, since DCI 2_0 has no feedback and is not as reliable as RRC signaling. To avoid misunderstanding, HARQ feedback should be transmitted even if the SPS PDSCH is cancelled by DCI 2_0. 
In cell DTX/DRX case, SPS PDSCH can be cancelled by RRC-based or DCI-based activation of cell DTX/DRX. Following the logic in legacy case, HARQ feedback is not transmitted if cancelled by semi-static signaling and  HARQ feedback will be transmitted if cancelled by dynamical signaling. Similarly, whether to transmit HARQ feedback of cancelled SPS PDSCH should be based on the activation mode of cell DTX/DRX. If SPS PDSCH(s) is cancelled by RRC-based cell DTX/DRX activation mode, the HARQ feedback is not transmitted; otherwise, it should be transmitted.
[bookmark: _Ref142668904][bookmark: _Ref146647648]Proposal 1: Adopt TP1 in Appendix to support the following: if L1 activation/deactivation of cell DTX is not configured, the HARQ feedback is not transmitted for cancelled SPS PDSCH in non-active period of cell DTX; otherwise, it should be transmitted.
3. PDCCH skipping
The feature on PDCCH skipping is introduced in NR Rel-17 for UE power saving purpose. When both PDCCH skipping and cell DTX/DRX are configured to a UE, UE behavior on PDCCH monitoring needs to be discussed to make it clear. For example, if a UE receives a DCI that indicates to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell within active period of cell DTX, what’s the UE behavior when entering non-active period of cell DTX. Besides, if the duration spans until next active period of cell DTX, what’s the UE behavior in next active period of cell DTX. Actually, it is already discussed in the context of UE DRX. In that case, the UE terminates PDCCH skipping for the serving cell if entering outside active time of UE DRX. Therefore similar handling can be applied to cell DTX as well, i.e. UE terminates PDCCH skipping for the serving cell if entering outside active time of cell DTX.
[bookmark: _Ref146647658]Proposal 2: Adopt TP2 in Appendix to support the following: UE terminates PDCCH skipping for the serving cell if entering outside active time of cell DTX.
4. CSI-RS for RLM/BFD in non-active period of cell DTX
In particular, CSI-RS for RLM/BFD corresponds to CSI-RS configured by higher layer parameter failureDetectionResources.
CSI-RS for RLM/BFD is used for detection of link failure or beam failure. Unlike other RS such as CSI-RS for RRM, this kind of CSI-RS only involves serving cell operation. Besides, in C-DRX case, UE is not required to perform measurement of the CSI-RS for power saving purpose at UE side. Similarly, UE doesn’t expect a CSI-RS for RLM/BFD is available in non-active period of cell DTX in a serving cell.
[bookmark: _Ref134806678][bookmark: _Ref134717588]Proposal 3: UE doesn’t expect a CSI-RS for RLM/BFD is available in non-active period of cell DTX in a serving cell.
5. PDCCH monitoring for L1 activation/deactivation
For cell DTX/DRX, a PDCCH scrambled by a new RNTI is introduced for L1 activation/deactivation. However, whether to monitor this PDCCH in non-active period of UE DRX is not discussed and remains an open issue. In our view, cell DTX/DRX operation shouldn’t impact UE power saving configured with UE DRX, i.e., minimize active PDCCH monitoring in non-active period of UE DRX. Besides, for other PDCCH in type 3 CSS such as DCI 2_0-2_5, they are not monitored in non-active period of UE DRX. Similarly, DCI 2_9 scrambled by nes-RNTI shouldn’t be monitored in non-active period of UE DRX.
[bookmark: _Ref146810604]Proposal 4: UE doesn’t monitor PDCCH scrambled by NES-RNTI for L1 cell DTX/DRX activation/deactivation in non-active period of UE DRX.
Since what kinds of RNTIs are controlled by UE DRX is captured in RAN2 spec as follows, a LS to RAN2 is needed to inform them to add the new RNTI here as shown below:
	5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, NES-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. 


[bookmark: _Ref146810615]Proposal 5: Send a LS to RAN2 to add NES-RNTI as an additional  RNTI that UE DRX functionality can control.
6. RRC parameter discussion
In RAN1#114 meeting, only the following RRC parameter is endorsed for cell DTX/DRX:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	
	positionInDCI-cellDTRX
	New
	Configure the starting bit position of an information block of DCI format 2_X
	0..[sizeDCI-2-x]-1
	Per serving cell


First, new DCI format should be monitored by UE for cell DTX/DRX activation/deactivation. Thus a IE on new DCI format should be added to IE searchspace as following:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	SearchSpace
	dci-Format2-9
	New
	If configured, the UE monitors the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI in this search space according to TS 38.213, clause [10.X].
	
	Per serving cell


Second, RRC configuration on DCI 2_9 should following similar rule for DCI 2_0 that is shown below:
SlotFormatIndicator ::=     SEQUENCE {
    sfi-RNTI                    RNTI-Value,
    dci-PayloadSize             INTEGER (1..maxSFI-DCI-PayloadSize),
    slotFormatCombToAddModList  SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF SlotFormatCombinationsPerCell
                                                                                                                              OPTIONAL, -- Need N
    slotFormatCombToReleaseList SEQUENCE (SIZE(1..maxNrofAggregatedCellsPerCellGroup)) OF ServCellIndex                       OPTIONAL, -- Need N
Therefore, the following RRC parameters are proposed:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	PDCCH-ServingCellConfig 

	cellDTRX-DCI-config
	New
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX.
	
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-RNTI
	New
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for triggering Cell DTX/DRX.
	RNTI value
	Per serving cell

	cellDTRX-DCI-config 

	sizeDCI-2-x
	New
	Configure the size of DCI format 2_9
	within the bounds set by existing RAN1 specification
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-DCI-combinations
	New
	Include per cell configuration parameter for new DCI format 2_9 for one or more serving cells
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinations
	cellDTRX-DCI-combinationsPercell
	New
	Include per cell configuration parameter for new DCI format 2_9 for a serving cell
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	servingCellId
	New
	Configure the serving cell ID corresponding to positionInDCI-cellDTRX
	
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	positionInDCI-cellDTRX
	New
	Configure the starting bit position of an information block of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per serving cell


Third, for cell DTX and cell DRX configuration, whether it is per serving cell or per MAC entity should be determined by RAN2. Besides, details of these RRC parameters could be handled by RAN2 itself since most of the related issues are discussed in RAN2.
[bookmark: _Ref146647671]Proposal 6: Support to include the following into RRC parameter list for cell DTX/DRX enhancement:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	SearchSpace
	dci-Format2-9
	New
	If configured, the UE monitors the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI in this search space according to TS 38.213, clause [10.X].
	
	Per BWP

	PDCCH-ServingCellConfig 

	cellDTRX-DCI-config
	New
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX.
	
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-RNTI
	New
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for triggering Cell DTX/DRX.
	RNTI value
	Per serving cell

	cellDTRX-DCI-config 

	sizeDCI-2-x
	New
	Configure the size of DCI format 2_9
	within the bounds set by existing RAN1 specification
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-DCI-combinations
	New
	Include per cell configuration parameter for new DCI format 2_9 for one or more serving cells
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinations
	cellDTRX-DCI-combinationsPercell
	New
	Include per cell configuration parameter for new DCI format 2_9 for a serving cell
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	servingCellId
	New
	Configure the serving cell ID corresponding to positionInDCI-cellDTRX
	
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	positionInDCI-cellDTRX
	New
	Configure the starting bit position of an information block of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per serving cell


7. Conclusion
In this contribution, the techniques for enhancements on the DTX/DRX mechanism were discussed, and proposals are summarized as follows:
Proposal 1: Adopt TP1 in Appendix to support the following: if L1 activation/deactivation of cell DTX is not configured, the HARQ feedback is not transmitted for cancelled SPS PDSCH in non-active period of cell DTX; otherwise, it should be transmitted.
Proposal 2: Adopt TP2 in Appendix to support the following: UE terminates PDCCH skipping for the serving cell if entering outside active time of cell DTX.
Proposal 3: UE doesn’t expect a CSI-RS for RLM/BFD is available in non-active period of cell DTX in a serving cell.
Proposal 4: UE doesn’t monitor PDCCH scrambled by NES-RNTI for L1 cell DTX/DRX activation/deactivation in non-active period of UE DRX.
Proposal 5: Send a LS to RAN2 to add NES-RNTI as a new RNTI that UE DRX functionality can control.
Proposal 6: Support to include the following into RRC parameter list for cell DTX/DRX enhancement:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	SearchSpace
	dci-Format2-9
	New
	If configured, the UE monitors the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI in this search space according to TS 38.213, clause [10.X].
	
	Per BWP

	PDCCH-ServingCellConfig 

	cellDTRX-DCI-config
	New
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX.
	
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-RNTI
	New
	Configure the RNTI value for scrambling CRC of DCI format 2_9 for triggering Cell DTX/DRX.
	RNTI value
	Per serving cell

	cellDTRX-DCI-config 

	sizeDCI-2-x
	New
	Configure the size of DCI format 2_9
	within the bounds set by existing RAN1 specification
	Per serving cell

	cellDTRX-DCI-config 

	cellDTRX-DCI-combinations
	New
	Include per cell configuration parameter for new DCI format 2_9 for one or more serving cells
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinations
	cellDTRX-DCI-combinationsPercell
	New
	Include per cell configuration parameter for new DCI format 2_9 for a serving cell
	A list of cellDTRX-DCI-combinationsPerCell
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	servingCellId
	New
	Configure the serving cell ID corresponding to positionInDCI-cellDTRX
	
	Per serving cell

	cellDTRX-DCI-combinationsPercell
	positionInDCI-cellDTRX
	New
	Configure the starting bit position of an information block of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per serving cell



8. Reference
[1] [bookmark: _Ref131424148][bookmark: _Ref146649737]3GPP Chairman’s Notes, RAN1#114, August, 2023.
9. Appendix: Text proposals
TP1
---------------------------------------------------------Start of TP1 in TS 38.213------------------------------------------------
[bookmark: _Ref497329097][bookmark: _Toc12021469][bookmark: _Toc20311581][bookmark: _Toc26719406][bookmark: _Toc29894839][bookmark: _Toc29899138][bookmark: _Toc29899556][bookmark: _Toc29917293][bookmark: _Toc36498167][bookmark: _Toc45699193][bookmark: _Toc130394874]9.1.2	Type-1 HARQ-ACK codebook determination
*** Unchanged text omitted ***
In the following pseudo-code, SPS PDSCH receptions associated with a SPS PDSCH configuration are activated by a DCI format with CRC scrambled by a CS-RNTI or by a DCI format with CRC scrambled by a G-CS-RNTI.
Set  to the number of serving cells configured to the UE
Set  to the number of SPS PDSCH configurations configured to the UE for serving cell 
Set  to the number of DL slots for SPS PDSCH receptions on serving cell  with HARQ-ACK information multiplexed on the PUCCH
Set  – HARQ-ACK information bit index
Set  – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while  
Set  – SPS PDSCH configuration index: lower indexes correspond to lower RRC indexes of corresponding SPS configurations 
while 
Set  – slot index 
while 
if {
a UE is configured to receive SPS PDSCHs from slot  to slot  for SPS PDSCH configuration  on serving cell , excluding SPS PDSCHs that are not required to be received in any slot among overlapping SPS PDSCHs, if any according to [6, TS 38.214], or based on a UE capability for a number of PDSCH receptions in a slot according to [6, TS 38.214], or due to overlapping with a set of symbols indicated as uplink by tdd-UL-DL-ConfigurationCommon or by tdd-UL-DL-ConfigurationDedicated where  is provided by pdsch-AggregationFactor-r16 in sps-Config or, if pdsch-AggregationFactor-r16 is not included in sps-Config, by pdsch-AggregationFactor in pdsch-config, or due to overlapping with non-active period of cell DTX if cellDTXConfig is provided and positionInDCI-cellDTRX is not provided for the serving cell and
HARQ-ACK information for the SPS PDSCH is associated with the PUCCH
}
 = HARQ-ACK information bit for this SPS PDSCH reception 
;
end if
;
end while
;
end while
;
end while
*** Unchanged text omitted ***
---------------------------------------------------------End of TP1 in TS 38.213------------------------------------------------
TP2
---------------------------------------------------------Start of TP2 in TS 38.213------------------------------------------------
[bookmark: _Toc29894869][bookmark: _Toc29899168][bookmark: _Toc29899586][bookmark: _Toc29917315][bookmark: _Toc36498189][bookmark: _Toc45699217][bookmark: _Toc130394902]10.4	Search space set group switching and skipping of PDCCH monitoring
*** Unchanged text omitted ***
When the PDCCH monitoring adaptation field indicates to a UE to skip PDCCH monitoring for a duration on the active DL BWP of a serving cell, the UE starts skipping of PDCCH monitoring at the beginning of a first slot that is after the last symbol of the PDCCH reception providing the DCI format with the PDCCH monitoring adaptation field. If the UE transmits a PUCCH providing a positive SR before the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE shall monitor PDCCH regardless of PDCCH skipping indication on all serving cells of the corresponding Cell Group when the SR is pending [11, TS 38.321]. If the UE transmits a PUCCH providing a positive SR after the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of the serving cell, the UE resumes PDCCH monitoring starting at the beginning of a first slot that is after a last symbol of the PUCCH transmission in all serving cells of the corresponding Cell Group. During the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running, the UE shall not skip PDCCH monitoring on SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a SpCell, when contention resolution is successful [11, TS 38.321], the UE resumes PDCCH monitoring on the SpCell. After the UE detects a DCI format providing the PDCCH monitoring adaptation field indicating to the UE to skip PDCCH monitoring for the duration on the active DL BWP of a serving cell, when a pending SR is cancelled [11, TS 38.321], the UE resumes PDCCH monitoring in all serving cells of the corresponding Cell Group. If UE transmits a RACH due to positive SR, the UE shall not skip PDCCH monitoring on any serving cell of the corresponding Cell Group during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running. If the DRX group of the serving cell is configured and enters outside Active Time, the UE terminates PDCCH skipping for the serving cell. If cell DTX is configured for the serving cell and enters outside active time, the UE terminates PDCCH skipping for the serving cell.
*** Unchanged text omitted ***
---------------------------------------------------------End of TP2 in TS 38.213------------------------------------------------
