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Introduction
In this contribution, the remaining issues related to enhancement on cell DTX/DRX mechanism are presented. 

Discussion
[bookmark: _Hlk146230840]Monitoring of DCI format 2_9
In RAN1#114b meeting, the issue that whether UE monitors DCI format 2_9 during UE C-DRX non-active period was discussed, but due to the polarized opinions among companies, no consensus was reached.
	Possible alternatives related to DCI format 2-9 during non-active periods of C-DRX
· Alt 1’) UE does not monitor DCI format 2-9 during non-active periods of C-DRX
· Qualcomm, MTK, vivo, Lenovo, Apple, Ericsson, Spreadtrum, xiaomi, IDC, CATT, Google
· Objected by Samsung, Panasonic, ZTE
· Alt 2) UE is expected to monitor DCI format 2-9 during non-active periods of C-DRX
· Samsung, Huawei, Nokia, ZTE, Panasonic, FW, Intel, DOCOMO, ETRI, CMCC, LGE, Fujitsu, China Telecom
· Objected by Qualcomm, MTK, vivo, Apple, Lenovo, xiaomi



On one hand, Alt 1) severely restricts the flexibility for activation/deactivation of cell DTX/DRX. Besides, For the case that UEs’ C-DRX active time are not aligned, the gNB has to transmit DCI format 2_9 multiple times, which diminishes the benefit of introducing the group common DCI.
On the other hand, the main concern for Alt 2) from its opponents is that it affects UE power saving, as UE may need to monitor DCI format 2_9 frequently outside the active period of C-DRX. Nevertheless, the gNB implementation can ensures that frequent monitoring during non-active period of C-DRX is avoided. For example, the gNB can configure the monitoring occasions for DCI format 2_9 so that UEs are required to monitor DCI 2-9 up to [x] times per UE C-DRX periodicity, where x can take a value of 2. In this way, frequent monitoring can be prevented.

Observation 1. When both DCI (de)activated cell DTX/DRX and UE C-DRX are configured, gNB implementation can ensure that UEs are not required to monitor DCI format 2_9 frequently during non-active period of C-DRX. 
Proposal 1. UE is expected to monitor DCI format 2_9 on the configured monitoring occasions for DCI format 2_9, regardless of whether the configured monitoring occasion overlaps with UE C-DRX active or non-active period.

Handling of partial overlap between UL transmission and cell DTX/DRX
HARQ feedback for SPS PDSCH that overlap with non-active period of cell DTX
The following agreements were achieved in RAN1 and RAN2 regarding the activation/deactivation of cell DTX/DRX.
	RAN2#121b-e
Agreements 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 

RAN1#113
Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback


In addition, it was agreed that UE does not monitor SPS PDSCH during cell DTX non-active periods in RAN2#121b-e meeting. 
	RAN2#121b-e
Agreements 
4. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period 


Regarding the HARQ-ACK feedback for SPS-PDSCH during cell DRX non-active periods. In the RAN1#114 meeting, a conclusion was drawn that HARQ-ACK for transmitted SPS PDSCH is not impacted by non-active period of cell DRX. 
	RAN1#114
Conclusion 
-	HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.


[bookmark: _Ref228947482]However, for the SPS-PDSCH that is assumed not to be transmitted during cell DTX non-active periods, how to handle HARQ-ACK feedback is not clear. Intuitively, there is no need to provide HARQ-ACK feedback for those SPS-PDSCH. According to the agreements reached by RAN1 and RAN2, there are two ways to activate/deactivate cell DTX/DRX: (1) by RRC signaling; (2) by group common L1-signaling (DCI format 2_9). When cell DTX is activated/deactivated by RRC signaling, there is no doubt that gNB and UE can have a common understanding regarding when the cell DTX non-active period occurs. In this situation, the UE can omit HARQ-ACK feedback for the SPS-PDSCH that overlaps with cell DTX non-active period. On the other hand, when the activation/deactivation of cell DTX is based on DCI format 2_9, UE may miss detect the DCI. In this situation, if the HARQ-ACK for SPS-PDSCH is included in a HARQ-ACK codebook, together with the HARQ-ACK information for other PDSCHs (e.g., DG PDSCH for retransmission), the gNB and UE may have different understandings about the number of HARQ-ACK information bits included in the HARQ-ACK codebook.  Given this, it is beneficial that HARQ-ACK feedback for the SPS-PDSCH is maintained.  
Proposal 2. 
· When activation/deactivation of cell DTX is based on RRC signaling, a UE does not transmit the HARQ-ACK feedback for a SPS PDSCH that overlaps with the cell DTX non-active period.
· When activation/deactivation of cell DTX is based on DCI, a UE transmits the HARQ-ACK feedback for a SPS PDSCH that overlaps with the cell DTX non-active period.
The text proposal can be considered as shown below.
	Reasons for Change:
The HARQ-ACK feedback behavior is unclear for a SPS PDSCH that is not transmitted due to overlapping with the cell DTX non-active period.  

	Summary for Change:
Clarify that the UE does not transmit HARQ-ACK feedback when activation/deactivation of cell DTX is based on RRC signaling while the UE transmit UE does not transmit HARQ-ACK feedback when activation/deactivation of cell DTX is based on DCI signaling.

	Consequences if not adopted:
The gNB and UE may have different understandings about the number of HARQ-ACK information bits included in the HARQ-ACK codebook.  

	------------------------------------------- Start of the TP for TS38.213------------------------------------------
9.1	HARQ-ACK codebook determination

<Unrelated part omitted>

If a UE is configured to receive SPS PDSCHs in a slot for SPS configurations that are indicated to be released by a DCI format, and if the UE receives the PDCCH providing the DCI format in the slot, and if HARQ-ACK information for the SPS PDSCH release and the SPS PDSCH receptions would be multiplexed in a same PUCCH, the UE does not expect to receive the SPS PDSCHs, does not generate HARQ-ACK information for the SPS PDSCH receptions, and generates a HARQ-ACK information bit for the SPS PDSCH release.
If a UE is provided with cellDTXDRXConfig, and the UE is not provided with position-inDCI-cellDTRX, and the UE is configured to receive SPS PDSCHs in a slot for SPS, and if the SPS PDSCH receptions that are outside the active period of the serving cell, the UE does not expect to receive the SPS PDSCHs, does not generate HARQ-ACK information for the SPS PDSCH receptions.
If a UE is provided with cellDTXDRXConfig and position-inDCI-cellDTRX, and the UE is configured to receive SPS PDSCHs in a slot for SPS, the UE generates corresponding HARQ-ACK information bits.

<Unrelated part omitted>
------------------------------------------- End of the TP for TS38.213----------------------------------------




PUCCH in the case of PUCCH cell switching
PUCCH cell switching was introduced in Rel.17 to reduce the delay for HARQ-ACK feedback for TDD operation with URLLC service. UE can be configured with a PUCCH switching SCell (PUCCH sSCell) in each PUCCH group. The decision to transmit PUCCH on PCell/PSCell/PUCCH SCell or PUCCH sSCell can be determined by either an RRC-configured time-domain pattern or a dynamic indication in the DCI scheduling PDSCH.
Cell DTX/DRX will inevitably increase transmission delay as a tradeoff for energy saving. It is unlikely that a serving cell in cell DTX/DRX operation can meet the requirement of URLLC service. To serve URLLC service, a more reasonable way is either to avoid activating or to deactivate the cell DTX/DRX. Thus, cell DTX/DRX and PUCCH cell switching would not be operated simultaneously and this can be avoided by gNB implementation. 
Observation 2. gNB implementation can avoid the simultaneously operation of Cell DTX/DRX and PUCCH cell switching. 
Proposal 3. There is no need to consider cell DRX active/non-active period in PUCCH cell switching operation. Thus, no spec impact is needed.

RRC parameters
In last RAN1 meetings, the RRC parameters for cell DTX/DRX have been discussed the following is endorsed.
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Per (UE, cell, TRP, …)

	
	positionInDCI-cellDTRX
	Configure the starting bit position of an information block of DCI format 2_X
	Per serving cell



In the following, we provide our considerations regarding the unstable RRC parameters.
· For cellDTXConfig and cellDRXConfig, RAN2 already decided to merge them as cellDTXDRX-Config. Besides, further details also should be handled by RAN2.
· cellDTRX-DCI-config should be the parent IE for cellDTRX-RNTI and sizeDCI-2-x.
· Follow similar rule for other group common DCI format parameters, such as dci-Format2-0 ~ dci-Format2-7, the parent IE for dci-Format2-9 should be SearchSpace. By applying this modification, row 19 can be removed.
· As positionInDCI-cellDRX is configured per serving cell, the relationship between the starting position of an information block and a serving cell is clear. Thus, row 21 ~ 23 (i.e., servingCellId, cellDTRX-DCI-combinationPercell, cellDTRX-DCI-combinations) are not needed. 

Proposal 4. Consider the following parameters to support cell DTX/DRX.
	Row
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Per (UE, cell, TRP, …)

	13
	
	cellDTXConfig
	Include the configuration for cell DTX operation for at least one cell DTX pattern case, of a serving cell
	Per serving cell

	14
	
	cellDRXConfig
	Include the configuration for cell DRX operation for at least one cell DRX pattern case, of a serving cell
	Per serving cell

	15
	PDCCH-ServingCellConfig
	cellDTRX-DCI-Config
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX configuration of one or multiple serving cells
	Per serving cell

	16
	SearchSpace
	dci-Format2-9
	If configured, the UE monitors the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI according to TS 38.213, clause [10.1].
	Per UE/serving cell group

	17
	cellDTRX-DCI-Config
	cellDTRX-RNTI
	Configures the RNTI value for scrambling CRC of DCI format 2_9 for activating and/or deactivating Cell DTX/DRX
	Per serving cell / Per serving cell group

	18
	cellDTRX-DCI-Config
	sizeDCI-2-x
	Configure the size of DCI format 2_9
	Per serving cell / Per serving cell group

	19
	
	SearchSpace
	Configures the search space set configuration with new DCI format 2_9
	Per UE / serving cell group

	21
	
	servingCellId
	Configure the serving cell ID corresponding to positionInDCI-cellDTRX
	

	22
	
	cellDTRX-DCI-combinationPercell
	Include per cell configuration parameter for new DCI format 2_9 for a serving cel.
Pair of {positionInDCI-cellDTRX, servingCellId}l
	

	23
	
	cellDTRX-DCI-combinations
	Include list of per cell configuration parameter for new DCI format 2_9 for serving cell(s).
A list of cellDTRX-DCI-combinationsPerCell
	



Conclusions 
[bookmark: _Ref520980791]In this contribution, we discuss the remaining issues related to enhancement on cell DTX/DRX mechanism. We have following proposals and observations:
Observation 1. When both DCI (de)activated cell DTX/DRX and UE C-DRX are configured, gNB implementation can ensure that UEs are not required to monitor DCI format 2_9 frequently during non-active period of C-DRX. 
Proposal 1. UE is expected to monitor DCI format 2_9 on the configured monitoring occasions for DCI format 2_9, regardless of whether the configured monitoring occasion overlaps with UE C-DRX active or non-active period.
Proposal 2. 
· When activation/deactivation of cell DTX is based on RRC signaling, a UE does not transmit the HARQ-ACK feedback for a SPS PDSCH that overlaps with the cell DTX non-active period.
· When activation/deactivation of cell DTX is based on DCI, a UE transmits the HARQ-ACK feedback for a SPS PDSCH that overlaps with the cell DTX non-active period.
Observation 2. gNB implementation can avoid the simultaneously operation of Cell DTX/DRX and PUCCH cell switching. 
Proposal 3. There is no need to consider cell DRX active/non-active period in PUCCH cell switching operation. Thus, no spec impact is needed.
Proposal 4. Consider the following parameters to support cell DTX/DRX.
	Row
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Per (UE, cell, TRP, …)

	13
	
	cellDTXConfig
	Include the configuration for cell DTX operation for at least one cell DTX pattern case, of a serving cell
	Per serving cell

	14
	
	cellDRXConfig
	Include the configuration for cell DRX operation for at least one cell DRX pattern case, of a serving cell
	Per serving cell

	15
	PDCCH-ServingCellConfig
	cellDTRX-DCI-Config
	Include the configuration for new DCI format 2_9 for activation/deactivation of cell DTX/DRX configuration of one or multiple serving cells
	Per serving cell

	16
	SearchSpace
	dci-Format2-9
	If configured, the UE monitors the DCI format 2_9 with CRC scrambled by cellDTRX-RNTI according to TS 38.213, clause [10.1].
	Per UE/serving cell group

	17
	cellDTRX-DCI-Config
	cellDTRX-RNTI
	Configures the RNTI value for scrambling CRC of DCI format 2_9 for activating and/or deactivating Cell DTX/DRX
	Per serving cell / Per serving cell group

	18
	cellDTRX-DCI-Config
	sizeDCI-2-x
	Configure the size of DCI format 2_9
	Per serving cell / Per serving cell group

	19
	
	SearchSpace
	Configures the search space set configuration with new DCI format 2_9
	Per UE / serving cell group

	21
	
	servingCellId
	Configure the serving cell ID corresponding to positionInDCI-cellDTRX
	

	22
	
	cellDTRX-DCI-combinationPercell
	Include per cell configuration parameter for new DCI format 2_9 for a serving cel.
Pair of {positionInDCI-cellDTRX, servingCellId}l
	

	23
	
	cellDTRX-DCI-combinations
	Include list of per cell configuration parameter for new DCI format 2_9 for serving cell(s).
A list of cellDTRX-DCI-combinationsPerCell
	



