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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Ref129681832]A work item on enhancements on cell DTX/DRX mechanism for energy saving was completed in RAN1#114 [1], and several agreements were made in the work item meetings.. This contribution discusses remaining aspects of cell DTX/DRX mechanism to improve network energy savings.
2 Cell DTX/DRX mechanism for network energy saving
A Cell DTX/DRX configuration when activated has impacts on the legacy transmissions and receptions both at the gNB and UE. The impact on some signals and channels and prioritization was done in Rel-18 work item phase.  E.g., transmission of CG and SR, and reception of SPS were deprioritized at UE when overlapped with non-active period of cell DTX/DRX pattern. However, there are some remaining issues identified in RAN1#112bis-e [3], given below, which are still open.

	Further study the following in RAN1 (RAN1#112bis-e):
· Issue 1: Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Issue 2: Handling of PUCCH deferral operation during non-active periods of cell DRX
· Issue 3: Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Issue 4: Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX



[bookmark: _GoBack]Issue 1: As per RAN2 agreement in RAN2 #121-bis-e [2], a UE doesn’t monitor SPS occasions during Cell DTX non-active period. However, the SPS HARQ codebook generation part is not agreed. If the legacy UE behavior is followed for SPS HARQ codebook generation, then the UE transmits NACK for an SPS-PDSCH falling in non-active period of cell DTX pattern, leading to unnecessary transmission at the UE and increase in UL payload. Further, it is suboptimal utilization of the signaling of DTX activation/deactivation, because the UE is transmitting the feedback even though it has information about parameters of cell DTX pattern and deprioritization of the SPS-PDSCH in the non-active period. Further, it creates unnecessary power and resource consumption at the UE. Therefore, skipping HARQ feedback for SPS PDSCH falling in non-active period of cell DTX pattern can reduce the HARQ codebook size and UL resource consumption. For example, UE may not allocate bits for the corresponding SPS HARQ-ACK in the HARQ-ACK codebook generation.

Observation 1: Transmitting HARQ feedback for SPS-PDSCH scheduled in non-active period of cell DTX pattern is redundant and leads to unnecessary resource and power consumption. 

Proposal 1: Skipping HARQ feedback for the SPS PDSCH, overlapping with non-active periods of cell DTX, in HARQ ACK codebook generation is supported.

Issue 2: The UE behavior for PUCCH deferral falling in non-active period of cell DRX is not discussed. The UE, having knowledge of parameters and activation of cell DRX, transmitting PUCCH during non-active period of cell DRX is redundant. Again, it is suboptimal utilization of signaling of parameters of cell DRX. In Rel-15, PUCCH deferral is supported, where a PUCCH repetition is performed only in valid UL symbols/slots, i.e., symbols that are not configured for reception of SSB, semi-statically configured as downlink symbols, etc. Further the deferral of SPS HARQ-ACK was also introduced in Rel-17. Enhancement of the current deferral mechanism considering the cell DRX operation is beneficial to minimize the dropping of PUCCH repetitions outside active time. Thus, a PUCCH repetition or a SPS HARQ-ACK (for Rel-17 SPS HARQ-ACK deferral) overlapping with the cell DRX non-active time can be deferred to a next valid UL resource (e.g., a next cell DRX on duration). This can be achieved considering a symbol falling in the non-active time of cell DRX as an invalid symbol for the PUCCH deferral operation. 

Proposal 2: If a PUCCH repetition or a SPS HARQ-ACK (when Rel-17 SPS HARQ-ACK deferral is configured) overlaps with a symbol in the non-active period of cell DRX, the PUCCH repetition or the SPS HARQ-ACK is deferred to a next valid UL symbols/slots.

Proposal 3: When the cell DRX is configured, the next valid UL symbols/slots for PUCCH deferral or a SPS HARQ-ACK deferral should be in the next active period of cell DRX.

For repetition of signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUSCH/SRS) overlapping with the non active period of Cell DTX/DRX, the transmission or reception may be skipped or deferred until the end of the non active period. However, skipping the signals/channels during cell DTX/DRX non active period results in delay and performance loss at UE. Further, entirely reconfiguring the skipped signals/channels results in additional signaling and redundancy. Therefore, mechanisms for deferring the skipped signals/channels after the non-active period of cell DTX/DRX pattern should be considered. For e.g., instead of rescheduling the deprioritized operation with all configurations, the the skipped operations will be performed after the non-active period.

Observation 2: Following observation is made about skipping signals and channels during cell DTX/DRX non active period
Skipping results in delay and performance loss at UE
Rescheduling the entire set of skipped signals/channels after cell DTX/DRX pattern results in additional signaling and redundancy

Proposal 4: For signals/channels configured with repeated transmission (e.g., PDCCH/PDSCH/CSI-RS/PUSCH/SRS) when overlapped with the Cell DTX/DRX non active period, defer the transmission or reception until the end of the non active period.

A cell DTX/DRX pattern has a certain parameters such as start offset, ON duration, and periodicity, provided to the UE, via dedicated RRC signaling. During activation, a command to use the pattern is indicated in DCI. In order to improve network energy saving gain as well as address different traffic requirements in a more flexible manner, dynamic control of ON duration of the cell DTX/DRX pattern can be considered. For example, in case of high UE arrival rate, the gNB has to switch on and monitor for UL signal frequently. Hence, for such scenario, the ON duration of cell DTX/DRX should be large. In contrast, the ON duration can be small in case of lower UE arrival rate.. Hence to achieve further energy saving gains, DCI based indication can be considered to indicate UEs whether to follow the configured ON duration of cell DTX/DRX or to adjust the ON duration after receiving the DCI based indication.

Observation 3:  The energy saving at gNB can be improved if the cell DTX/DRX pattern can adapt to the network conditions.

Proposal 5: Dynamic adaptation of ON duration of the cell DTX/DRX pattern using DCI format for cell DTX/DRX activation and deactivation is supported.

3 Conclusion
In this contribution, we discussed the cell DTX/DRX technique required in time domain for NES. According to the technical analysis, the following proposals are made, 
Observation 1: Transmitting HARQ feedback for SPS-PDSCH scheduled in non-active period of cell DTX pattern is redundant and leads to unnecessary resource and power consumption. 

Proposal 1: Skipping HARQ feedback for the SPS PDSCH, overlapping with non-active periods of cell DTX, in HARQ ACK codebook generation is supported.

Proposal 2: If a PUCCH repetition or a SPS HARQ-ACK (when Rel-17 SPS HARQ-ACK deferral is configured) overlaps with a symbol in the non-active period of cell DRX, the PUCCH repetition or the SPS HARQ-ACK is deferred to a next valid UL symbols/slots.

Proposal 3: When the cell DRX is configured, the next valid UL symbols/slots for PUCCH deferral or a SPS HARQ-ACK deferral should be in the next active period of cell DRX.

Observation 2: Following observation is made about skipping signals and channels during cell DTX/DRX non active period
Skipping results in delay and performance loss at UE
Rescheduling the entire set of skipped signals/channels after cell DTX/DRX pattern results in additional signaling and redundancy

Proposal 4: For signals/channels configured with repeated transmission (e.g., PDCCH/PDSCH/CSI-RS/PUSCH/SRS) when overlapped with the Cell DTX/DRX non active period, defer the transmission or reception until the end of the non active period.

Observation 3:  The energy saving at gNB can be improved if the cell DTX/DRX pattern can adapt to the network conditions.

Proposal 5: Dynamic adaptation of ON duration of the cell DTX/DRX pattern using DCI format for cell DTX/DRX activation and deactivation is supported.
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