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1. RAN2 LS related to conditional handover 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 signaling change.


RAN2 made the above agreement regarding conditional handover (CHO) enhancement by discussing network energy saving in RAN2#123bis. As a result, an LS [1] containing a request to specify signaling to support CHO enhancement corresponding to the above RAN2 agreement was sent to RAN1. 
When a bit for CHO triggering in DCI format 2_9 is added, the location of the bit in DCI format 2_9 should be configured to UE for monitoring. The simplest way is to introduce an additional RRC parameter that informs the location of the CHO triggering bit in DCI format 2_9, just as position-inDCI-NES is configured for DCI format 2_9 monitoring. 
For another way, the bit width of the information block can be configured in addition to position-inDCI-NES. According to the current specification, the bit width of cell DTX/DRX indicator filed is 1 bit if only cell DTX or cell DRX is configured in the serving cell, and 2 bits if both are configured. If the parameter related to bit width is configured, the UE can interpret that the information block corresponding to the PCell consists of the CHO triggering bit and the cell DTX/DRX indicator field.

[bookmark: _GoBack]Proposal #1: For RAN2 LS related to conditional handover enhancement, the following options can be considered to add a bit for CHO triggering to DCI format 2_9:
· Opt 1: Introduce an additional RRC parameter that informs the location of the CHO triggering bit in DCI format 2_9.
· Opt 2: Introduce an additional RRC parameter that informs the bit width of the information block corresponding to PCell.

2. Interaction between Cell DTX/DRX with legacy operations
	Further study the following in RAN1:
· 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 provide our view on the interaction between Cell DTX/DRX with legacy operations. 
(1) DCI format 2_9 monitoring during non-active period of C-DRX
In the last RAN1#114bis meeting [2], there was a lot of discussion on whether to monitor DCI format 2_9 in the UE C-DRX non-active period, but no consensus was reached. If DCI format 2_9 monitoring is only allowed during the active period of the C-DRX, there are the following issues. 
When the gNB wants to dynamically indicate the activation or deactivation of the Cell DTX/DRX via DCI, it has to wait for the next onDuration if it is during the non-active period of the C-DRX, and since the C-DRX is a UE-specific configuration, the onDuration between UEs may not be aligned. In addition, the agreement regarding conditional handover (CHO) enhancement by RAN2, the additional one bit for CHO triggering shall also be included in DCI format 2_9 apart from the cell DTX/DRX indicator field.
Thus, if the UE can perform DCI format 2_9 monitoring only during the C-DRX active period, the gNB may not be able to activate (or deactivate) Cell DTX/DRX or trigger CHO for Cell OFF in time, resulting in HO delay and gNB’s power off delay, which may reduce the gNB energy saving gain. 
On the other hand, it is necessary to consider the trade-off between the power consumption of the UE and the timely indication of gNB, since if the UE is allowed to perform DCI format 2_9 monitoring even in the C-DRX non-active period, it will increase the power consumption of the UE.
Therefore, as a compromise, the UE can decide whether to monitor DCI format 2_9 in the UE C-DRX non-active period depending on whether DCI format 2_9 is configured to include a bit for CHO triggering. In other words, UE can monitor DCI format 2_9 during the UE C-DRX non-active period if the CHO triggering bit is included in DCI format 2_9, otherwise does not monitor. A more flexible approach is to allow the gNB to configure whether DCI format 2_9 is monitored during the UE C-DRX non-active period.

Proposal #2: Regarding whether to monitor DCI format 2_9 during non-active period of C-DRX, UE monitors DCI format 2_9 during C-DRX non-active period if a bit for CHO triggering is configured for DCI format 2_9, otherwise does not monitor.

Meanwhile, it is necessary to clarify the UE behaviour to monitor DCI format 2_9 during the non-active period of C-DRX according to the wakeup indication of DCI format 2_6. A UE configured to monitor DCI format 2_6 can perform DCI format 2_9 monitoring in onDuration if 'wake-up' is indicated for the next onDuration by the wake-up indication, or if the UE’s default behavior is configured to 'wake-up' when DCI format 2_6 is not detected. However, it is necessary to clarify whether the DCI format 2_9 is monitored in the onDuration if the wake-up indication of DCI format 2_6 dictates 'go-to-sleep' for the next onDuration or if the default behavior of the UE is configured to 'go-to-sleep' when DCI format 2_6 is not detected. If the UE does not perform DCI format 2_9 monitoring in onDuration where 'go-to-sleep' is indicated, the gNB may have limited opportunities to indicate CHO triggering for Cell OFF and Cell DTX/DRX activation or deactivation.

Proposal #3: Clarify the UE behaviour to monitor DCI format 2_9 during onDuration of C-DRX in case that DCI format 2_6 indicates ‘go-to-sleep’ or is monitored but not detected if ps-Wakeup is not configured.

(2) HARQ-ACK codebook generation
For the HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted. For instance, Type-1 HARQ-ACK codebook or SPS HARQ codebook can be constructed with serving cell(s) where at least one (SPS) PDSCH is received during Cell DTX active period. In addition, when UE has more than one configured cell, the gNB can configure/indicate whether to exclude SPS-PDSCH HARQ-ACK for the cell from the Type 1 codebook when the resource of SPS-PDSCH is overlapped in the non-active period by the DTX operation of the cell.

Proposal #4: For HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted.

If all SPS occasions corresponding to a PUCCH slot are included in the Cell DTX inactive period and the corresponding HARQ-ACK bits are multiplexed with other HARQ-ACKs, there may be differences in the codebook generation method for different codebook types. For HARQ-ACK Type-1 codebook, the HARQ-ACK bits corresponding to SPS PDSCHs should be generated as NACK. For HARQ-ACK Type-2 codebook, the HARQ-ACK codebook can be constructed without the HARQ-ACK corresponding to SPS PDSCH(s) since legacy UE behavior is to separately generate HARQ-ACK bit associated with SPS PDSCH reception and to append it to HARQ-ACK bits generated based on DAI values.

Proposal #5: For HARQ-ACK Type-2 codebook, if all SPS occasions corresponding to a PUCCH slot are included in the Cell DTX inactive period and the corresponding HARQ-ACK bits are multiplexed with other HARQ-ACKs, the HARQ-ACK codebook can be constructed without the HARQ-ACK corresponding to SPS PDSCH(s).

(3) PUCCH deferral operation
In the case of PUCCH deferral, the legacy framework can be reused as much as possible. In legacy PUCCH deferral operation, the deferred PUCCH transmission is only performed in valid UL symbols/slots (i.e., except for semi-static DL symbols, the symbols which SSB is transmitted). Therefore, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration. For example, if the length of Cell DRX non-active period is larger than the configured maximum defer duration, the PUCCH can be dropped. For another example, the length of the Cell DRX non-active period may not be considered as a defer duration, only the active period is counted to determine whether to defer the PUCCH transmission.

Proposal #6: For PUCCH deferral, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration.

(4) Handling of signals/channels configured with repeated transmission
In the case of handling of signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) configured with repeated transmission, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period. 

Proposal #7: For signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) configured with repeated transmission, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period.

(5) Handling of CG occasions included in cell DRX inactive period
It was agreed that UE does not transmit on CG occasions during cell DRX inactive periods. Since the UE can provide information about unused CG PUSCH transmission occasions through UCI (i.e., UTO-UCI) for XR capacity enhancement, it is necessary to determine how to configure the UCI information for CG occasions belonging to the cell DRX inactive period. One way is to consider CG occasions in the cell DRX inactive period as invalid and exclude them when configuring the information about unused CG PUSCH transmission occasions.

Proposal #8: The CG occasions in the cell DRX inactive period can be treated as invalid occasions for indication of the unused CG PUSCH transmission occasions (i.e., UTO-UCI).
Proposal #9: Adopt the TP #1 in Appendix for TS 38.213 Section 9.3.1.

3. Conclusions
In this contribution, Cell DTX/DRX mechanism were discussed, and the followings were proposed.
Proposal #1: For RAN2 LS related to conditional handover enhancement, the following options can be considered to add a bit for CHO triggering to DCI format 2_9:
· Opt 1: Introduce an additional RRC parameter that informs the location of the CHO triggering bit in DCI format 2_9.
· Opt 2: Introduce an additional RRC parameter that informs the bit width of the information block corresponding to PCell.
Proposal #2: Regarding whether to monitor DCI format 2_9 during non-active period of C-DRX, UE monitors DCI format 2_9 during C-DRX non-active period if a bit for CHO triggering is configured for DCI format 2_9, otherwise does not monitor.
Proposal #3: Clarify the UE behaviour to monitor DCI format 2_9 during onDuration of C-DRX in case that DCI format 2_6 indicates ‘go-to-sleep’ or is monitored but not detected if ps-Wakeup is not configured.
Proposal #4: For HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted.
Proposal #5: For HARQ-ACK Type-2 codebook, if all SPS occasions corresponding to a PUCCH slot are included in the Cell DTX inactive period and the corresponding HARQ-ACK bits are multiplexed with other HARQ-ACKs, the HARQ-ACK codebook can be constructed without the HARQ-ACK corresponding to SPS PDSCH(s).
Proposal #6: For PUCCH deferral, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration.
Proposal #7: For signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) configured with repeated transmission, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period.
Proposal #8: The CG occasions in the cell DRX inactive period can be treated as invalid occasions for indication of the unused CG PUSCH transmission occasions (i.e., UTO-UCI).
Proposal #9: Adopt the TP #1 in Appendix for TS 38.213 Section 9.3.1.
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Appendix
· TP #1
	Reason for Change:
· If the UE is provided nrof_UTO_UCI with value equal to  in configuredGrantConfig of a CG-PUSCH configuration, the UE multiplexes UTO-UCI represented by a bitmap of  bits in each CG-PUSCH transmission for the CG-PUSCH configuration. Since, UE does not transmit on CG-PUSCH during cell DRX inactive periods, it is necessary to determine how to configure the UTO-UCI information for CG-PUSCH TOs belonging to the cell DRX non-active period. 
Summary of Changes:
· Consider CG-PUSCH TOs in the cell DRX non-active period as invalid and exclude them when configuring the UTO-UCI information about unused CG PUSCH transmission occasions.

Consequences if not approved:
· Unclear UE behavior to configure the UTO-UCI information for CG-PUSCH TOs belonging to the cell DRX non-active period.

[bookmark: _Toc137056387][bookmark: _Toc146789782]9.3.1	UE procedure for reporting UTO-UCI
If the UE is provided nrof_UTO_UCI with value equal to  in configuredGrantConfig of a CG-PUSCH configuration, the UE multiplexes UTO-UCI represented by a bitmap of  bits in each CG-PUSCH transmission for the CG-PUSCH configuration. 
The  bits of UTO-UCI, , have a one-to-one mapping to  subsequent CG-PUSCH TOs in ascending order of start time. For unpaired spectrum operation, the  subsequent CG-PUSCH TOs exclude invalid ones where a UE does not transmit a PUSCH based on the procedures in Clause 11.1. For cell DRX operation, the  subsequent CG-PUSCH TOs exclude invalid ones where a UE does not transmit a CG-PUSCH overlapping with non-active period of cell DRX when cell DRX is activated. A bit value of ‘0’ indicates that the UE may transmit CG-PUSCH, and a bit value of ‘1’ indicates that the UE will not transmit CG-PUSCH, in a corresponding CG-PUSCH TO. When the UE indicates by UTO-UCI a value of ‘1’ for a CG-PUSCH TO, the UE continues to indicate the value of ‘1’ for the CG-PUSCH TO by UTO-UCI multiplexed in subsequent CG-PUSCH transmissions, and the UE does not transmit CG-PUSCH in the CG-PUSCH TO.



