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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the following bullet in SID, i.e., the techniques to improve network energy savings. 
	3. [bookmark: _Hlk30969040]Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded




Discussion
This SI is to study potential network energy-saving techniques to reduce network energy consumption. As justified in the SID, the study should not only evaluate the potential network energy consumption gains but also balance the impact on network and user performance. Thus, when developing the network energy-saving techniques, the energy consumption gains should be considered as well as the impact on the UE performance and complexity.
[bookmark: _Toc110070560][bookmark: _Toc111028032][bookmark: _Hlk110331788]The network energy saving techniques should avoid impact on UE complexity and performance as much as possible.
In the RAN1#109-e meeting, RAN1 had a preliminary discussion on network power saving techniques and achieved the following potential directions on time domain network energy saving for further study.
Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
· potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· [bookmark: _Hlk110540769]semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
· support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
· dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
· UE assistant information facilitating BS time domain adaptation
From what we understand on the time domain network energy saving and summarized based on the above directions, the network power consumption can be reduced by using e.g. cell off (for example, a cell turns to the off situation in the unit of subframe/slot/symbol, and the cell on/off situation may have a relationship of energy saving states or sleep modes), reduced/adapted transmission/reception occasion of signaling/data, etc. If the mechanism of cell off is enabled, we understand there should be no data transmitted during the cell off situation. From the UE perspective, the UE can stop data transmission when it knows the related cell is off or receives the data transmission disabling indication. If the mechanism of the reduced/adapted transmission/reception occasion is enabled, we understand that a discontinuous transmission is allowed. For example, the UE can transmit data using a certain duration, e.g. performing data transmission in DTX/DRX mode or using an enlarged data transmission interval when the UE receives an enlarged signaling/data configuration. 
We understand it more depends on the network implementation/strategies on how to implement the network energy saving or which mechanism to be chosen. The network may consider the system load/requirement and also the UE preference/traffic characteristics for a good decision. Thus, the UE should know the network intention and follow the network configuration or the cell on/off situation indication. The network configuration or the cell on/off situation indication can be sent via dynamic signaling (e.g. RRC/DCI signaling) or a semi-static configuration (e.g. a pre-configured pattern). When receiving such information, the UE can perform the data transmission accordingly.
[bookmark: _Toc110070561][bookmark: _Toc111028033]RAN2 studies solutions for the time domain network energy saving, which includes cell on/off, cell DRX/DTX configuration, enlarged signaling/resource configuration, etc.
From the frequency perspective, a UE in RRC_CONNECTED mode can be configured with up to 4 bandwidth parts with different bandwidths in the existing NR system. Only one in the four BWPs can be activated and used at one time. As mentioned in the SID [1], the study of the network energy saving should prioritize idle/empty and low/medium load scenarios. Thus, it is reasonable that a smart network implementation is to switch all UEs to a common BWP with small bandwidth when the network load becomes low. And when the network load becomes larger, the network can switch all UEs to another common BWP with large bandwidth or indicate the UEs to switch back to the BWP that is previously activated for the UE.
[bookmark: _Toc110070564][bookmark: _Toc111028034]RAN2 studies solutions for the frequency domain network energy saving, which includes UE-group based dynamic BWP switch.
From Rel-15, there are several features introduced in the 5G system. For example, the CHO mechanism is introduced to avoid late handover. We think that the network energy saving techniques discussed here may have an impact on the current features. For example, if a CHO candidate cell turns to the off situation before the UE handovers to this cell, considering this cell as the target cell may unexpectedly decrease the UE performance. For this issue, one solution is to suspend such cell, i.e. the UE does not consider a cell as a CHO candidate cell if the cell is in the off situation. Another solution is to allow the UE to adjust the CHO execute parameters/threshold if the cell is in the off situation to avoid the UE selecting such cell as the target cell. 
[bookmark: _Toc111028035]RAN2 further identifies/studies the impact on the existing features when the network energy saving techniques apply.

[bookmark: _Toc110331317][bookmark: _GoBack]Conclusion
We have the following proposals:
Proposal 1	The network energy saving techniques should avoid impact on UE complexity and performance as much as possible.
Proposal 2	RAN2 studies solutions for the time domain network energy saving, which includes cell on/off, cell DRX/DTX configuration, enlarged signaling/resource configuration, etc.
Proposal 3	RAN2 studies solutions for the frequency domain network energy saving, which includes UE-group based dynamic BWP switch.
Proposal 4	RAN2 further identifies/studies the impact on the existing features when the network energy saving techniques apply.
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