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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 RAN1#114bis meeting [2], the following agreements are made besides LS and some editorial CRs:
	Agreement
For CSI report associated with P/SP CSI-RS resource and configured with reportQuantity including RI, when cell DTX is configured
· the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of each P/SP CSI-RS resource for channel measurement and/or interference measurement for the CSI report in cell DTX active period no later than CSI reference resource and drops the report otherwise.
Agreement
Cell DTX/DRX operation is only supported for sTRP.


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 these kinds of SPS PDSCHs 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, similar issue is already existing in the context of UE C-DRX. In that case, the UE terminates PDCCH skipping for the serving cell if entering outside active time of UE C-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. DCI 2_9 monitoring behavior
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 remains an open issue. It has been discussed in last meeting but no consensus is made.
One argument for support of DCI 2_9 monitoring by some companies is that it can deactivate cell DTX soon when there is emergency traffic coming. However, as shown in the following example, even when DCI 2_9 is received in non-active period of UE1 DRX, UE1 still needs to monitor PDCCH from the start of active period of UE DRX. In this sense, there is no the above argued benefit to enable fast traffic delivery. 
[image: ]
Figure 1   Example of aligned UE DRX patterns
Observation 1: Support of DCI 2_9 monitoring in non-active period of UE DRX can’t bring benefit of fast traffic scheduling.
On the other hand, support of DCI 2_9 monitoring in non-active period of UE DRX will impact UE power saving a lot especially the monitoring occasion is configured in the middle of non-active period. For example, as shown in Figure 1, UE1 needs to be woken up to monitor DCI 2_9 and then falls into sleep again. In this case, the maximum time length UE1 could sleep for is decreased so that it can’t fall into a deeper sleep state.
Observation 2: Support of DCI 2_9 monitoring in non-active period of UE DRX will bring large negative impact to UE power saving.
Another argument is that DRX patterns from multiple UEs may not be aligned so that there will be problem to send DCI 2_9 from gNB side if it can’t be transmitted in non-active period of UE DRX. However this is not true. As shown in the following example where there is no overlapping time part between UE1 DRX and UE2 DRX, gNB could configure UE1 (and other UEs sharing the same pattern) in one monitoring occasion and UE2 (and other UEs sharing the same pattern) in the other monitoring occasion. When there is need to update cell DTX status, gNB can send DCI 2_9 twice to notify all the UEs. This is not new to DCI 2_9 since this already exists for other group common DCI format, e.g. DCI 2_0 to DCI 2_5. 
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Figure 1   Example of non-aligned UE DRX patterns
Observation 3: Support of DCI 2_9 monitoring in active period of UE DRX only won’t bring problem to gNB when intended to change status of cell DTX/DRX.
According to the above observations, support of DCI 2_9 monitoring in non-active period of UE DRX won’t have benefit from gNB side but huge negative impact to UE power saving. Therefore, the following proposal is made:
[bookmark: _Ref146810604]Proposal 3: 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 4: Send a LS to RAN2 to add NES-RNTI as an additional RNTI that UE DRX functionality can control.
5. DCI 2_9 for CHO
The following LS [3] is received from RAN2 to request RAN1 to specify signaling support related to CHO enhancement.
	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 signalling 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.


However, it is not clear that what does source cell mean in the LS especially when UE is configured with multiple serving cell in CA/DC case. There are the following 3 possible understanding:
Alt. 1: Source cell is Pcell in any case (e.g., CA/DC);
Alt. 2: Source cell is Pcell of MCG and PScell of SCG if UE is configured with DC; otherwise, source cell is Pcell;
Alt. 3: Source cell is any configured serving cell.
For Alt. 1, one additional bit per UE is needed to notify that Pcell is entering NES mode.
For Alt. 2, one additional bit per cell group is needed to notify that Pcell and optionally PScell if DC configured are entering NES mode.
For Alt. 3, one additional bit per cell is needed to notify each serving cell is entering NES mode.
[bookmark: _Ref149846589]Proposal 5: Send a reply LS to RAN2 to clarify the meaning of source cell in order to determine how many bits are needed in DCI 2_9 for CHO.
6. Signals/channels partially overlapping with non-active period of cell DTX/DRX
In RAN1#114bis meeting [2], how to handle signals/channels that are partially overlapping with non-active period of cell DTX/DRX is discussed. The following aspect is involved:
Aspect 1: Part of single signal/channel is overlapping with non-active period of cell DTX or cell DRX
In the discussion, some companies mentioned that partial overlapping with non-active period of cell DTX or cell DRX can also occurs to single signal/channel within one slot. The reason is that onDurationTimer can be subMilliSeconds. However, in our understanding, the subMilliSeconds onDurationTimer is introduced for high SCS such as 480/960KHz SCS. We don’t think it is a reasonable implementation that onDurationTimer ends in middle of any slot. In another word, active period and non-active period should be in slot level granularity. Therefore, there is no need to consider the case that part of single signal/channel is overlapping with non-active period of cell DTX or cell DRX.
[bookmark: _Ref149846593]Proposal 6: No need to discuss the case that part of single signal/channel is overlapping with non-active period of cell DTX or cell DRX.
Aspect 2: Part of a signal/channel with repetitions is overlapping with non-active period of cell DTX or cell DRX
For signal/channel with repetitions, there may occur the cases that some repetitions are in active period while other repetitions are in non-active period. In our understanding, according to current spec, the repetitions in active period will be present while other repetitions in non-active period will be dropped.
[bookmark: _Ref149846597]Proposal 7: For the case that some repetitions are in active period while others are not, the signal/channel repetitions in active period will be present while other repetitions in non-active period will be dropped without any spec impact.
7. RRC parameter discussion
In RAN1#114bis meeting, the following RRC parameters are endorsed for cell DTX/DRX:
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Per (UE,…)

	
	cellDTRX-DCI-config
	New
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX.
	Includes at least cellDTRX-RNTI, sizeDCI-2-9. Note: For a UE, DCI format 2_9 can only be configured on only one cell in the cell group. 

	Per cell group


	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 cell group


	cellDTRX-DCI-config 

	sizeDCI-2-9
	New
	Configure the size of DCI format 2_9
	1…140
	Per cell group


	cellDTRX-DCI-config 

	positionInDCI-cellDTRX

	New
	Configure the starting bit position of an information block corresponding to cell DTX/DRX operation for the serving cell of DCI format 2_9
	0..[sizeDCI-2-9]-1
	Per cell group




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 follow 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,…)

	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 cell group


	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 cell group


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


	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 cell group



[bookmark: _Ref146647671]Proposal 8: 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,…)

	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 cell group


	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 cell group


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


	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 cell group


	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



8. 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 monitor PDCCH scrambled by NES-RNTI for L1 cell DTX/DRX activation/deactivation in non-active period of UE DRX.
Proposal 4: Send a LS to RAN2 to add NES-RNTI as an additional RNTI that UE DRX functionality can control.
Proposal 5: Send a reply LS to RAN2 to clarify the meaning of source cell in order to determine how many bits are needed in DCI 2_9 for CHO.
Proposal 6: No need to discuss the case that part of single signal/channel is overlapping with non-active period of cell DTX or cell DRX.
Proposal 7: For the case that some repetitions are in active period while others are not, the signal/channel repetitions in active period will be present while other repetitions in non-active period will be dropped without any spec impact.
Proposal 8: 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,…)

	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 cell group


	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 cell group


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


	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 cell group


	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
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10. Appendix: Text proposals
TP1 in TS 38.213
	Reasons for change:
For cancelled SPS PDSCH, the transmission of its HARQ feedback in RRC-based cell DTX/DRX case is wasting and may result in unnecessary UE power consumption. 

	Summary of change:
Clarify that HARQ feedback of cancelled SPS PDSCH by non-active period of RRC-based cell DTX is not transmitted by UE.

	Consequences if not adopted:
UE will report unnecessary HARQ feedback that results in large power consumption especially the HARQ feedback is transmitted in non-active period of UE DRX.

	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 ***


TP2 in TS 38.213
	Reasons for change:
UE behavior when both PDCCH skipping and cell DTX are configured is not defined according to current spec. 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. 

	Summary of change:
Clarify that PDCCH skipping is terminated when a UE enters non-active period of cell DTX.

	Consequences if not adopted:
UE behavior when both PDCCH skipping and cell DTX are configured is not clear.

	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 ***
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