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Introduction
In RAN#98-e meeting, the new work item of Network energy savings for NR was approved [1]. Regarding Cell DTX/DRX enhancement, below scope is described as per the WID:
	1. 
2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.



In this contribution, we further share our views on the more detailed Cell DTX/DRX enhancement.
Discussion

Cell DTX/DRX mechanism
In principle, from the base station side, cell DTX/DRX enhancement aims to save energy by time domain adaptation. In this sense, the reduction of the gNB activity can be DL transmission (Cell DTX) and UL reception (Cell DRX).
We observe following points for Cell DTX/DRX mechanism.
· DL transmission of SSB should not be impacted according to the WID
· DL transmission of SIBs should also not be impacted, as the WID states the impact to IDLE/INACTIVE UEs should be avoided.
· Paging should not be impacted due to the same reason as above bullet.
· As the enhancement of RRC_CONNECTED mode is the focus, cell DTX enhancement should at least  support UE specific PDCCH adaptation.
· As of UL reception of PRACH, SR PUCCH, periodic SRS, CG PUSCH, periodic PUCCH with CSI, a cell DRX may support all or some of them in order to maintain system stability and service quality. When UE is configured with legacy C-DRX, it is not allowed to transmit periodic SRS and CSI during OFF period for better UE power saving and system can also make use of these resource for other purpose. However, for the case of cell DRX, it is not always necessarily defined this way, as the purpose is for gNB energy saving rather than UE power saving although UE power saving gain should not be neglected. Furthermore, the gNB UL reception energy consumption is even closer to the micro sleep than DL transmission according to the gNB power consumption model [2]. 
Proposal 1: Cell DTX can be more prioritized than Cell DRX, as gNB DL transmission dominates the total energy consumption. The exact UE behaviour impacted by the Cell DRX should be carefully justified for better tradeoff among network energy saving, UE power saving and system stability.

Although the WID restricts the enhancement of Cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, it is always beneficial to design the Cell DTX/DRX patterns/parameters which may align with I-DRX. This provides more opportunities for gNB to switch into low activity mode, considering gNB serves both CONNECTED and IDLE/INACTIVE mode UEs and the WID note that IDLE/INACTIVE mode UEs should not be impacted.
Proposal 2: For better network energy saving gain, the cell DTX/DRX patterns/parameters can be considered to be aligned with I-DRX.

When UE C-DRX is not configured, gNB may adapt the cell DTX/DRX parameters in the configuration for flexible control on tradeoff between energy consumption and service quality, depending on proper traffic prediction, e.g. lower load may only require relatively longer cell DTX/DRX cycle and shorter active time. Vice versus. Therefore, multiple cell DTX/DRX configurations can be considered. The switching between different configurations may need enhancement of L2/L1 signaling.
Proposal 3: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation. The switching between configurations needs possible L2/L1 signaling enhancement.

Cell DTX/DRX and UE DRX alignment
When UE C-DRX is configured, for network energy saving, ideally, the DRX of all the RRC CONNECTED UEs could be aligned as much as possible by network implementation. Then the maximum gNB sleep opportunity by cell DTX/DRX can be achieved. However, depending on the UE and traffic load, frequency resource, channel condition and MIMO schemes, this may lead to resource congestion in the aligned DRX active time. This may lead to system performance degradation. 
Observation 1: When UE DRX is configured, strict alignment of all UE DRX configurations and cell DTX/DRX may potentially lead to resource congestion.
Therefore, in practice, the alignment between UE C-DRX and cell DTX/DRX can be achieved by proper configurations for the UEs in a semi-synchronized or quasi-synchronized way such that some “sleep” slots can be created in system level, while UEs can still finish the DL/UL traffic in less crowed slots, as shown in Figure.1. This allows more resilience for network to arrange and aggregate the UE traffic scheduling in as less slots as possible, but in the meanwhile ensure the tradeoff between the network energy saving, UE power saving and system performance. Therefore, to flexibly adapt the traffic and align the UE DRX and cell DTX/DRX, multiple UE C-DRX configurations with different set of parameters can be considered. In addition, the switching between configurations needs possible L1/L2 signaling enhancement.
Proposal 4: Multiple UE DRX configurations can be considered for more flexible adaption to achieve alignment with cell DTX/DRX. The switching between configurations needs possible L1/L2 signaling enhancement. 




Figure.1 An example of gNB implementation to arrange the C-DRX configurations of UEs and align with cell DTX/DRX to create sleep slots

If cell DTX/DRX is supported by high layer configuration and UE is configured with C-DRX, the coexistence should be studied to ensure the mutual understanding of the network and UE. Based on the network instruction, UE behaviour may be adapted by either applying one or more configurations at the same time.
Proposal 5: Interaction of Cell DTX/DRX and UE C-DRX needs to be clarified, if both are supported and configured.

Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: Cell DTX can be more prioritized than Cell DRX, as gNB DL transmission dominates the total energy consumption. The exact UE behaviour impacted by the Cell DRX should be carefully justified for better tradeoff among network energy saving, UE power saving and system stability.
Proposal 2: For better network energy saving gain, the cell DTX/DRX patterns/parameters can be considered to be aligned with I-DRX.
Proposal 3: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation. The switching between configurations needs possible L2/L1 signaling enhancement.
Observation 1: When UE DRX is configured, strict alignment of all UE DRX configurations and cell DTX/DRX may potentially lead to resource congestion.
Proposal 4: Multiple UE DRX configurations can be considered for more flexible adaption to achieve alignment with cell DTX/DRX. The switching between configurations needs possible L1/L2 signaling enhancement. 
Proposal 5: Interaction of Cell DTX/DRX and UE C-DRX needs to be clarified, if both are supported and configured.
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