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1	Introduction
In RAN#94e, the study item for network energy saving is agreed in [1] with the following objective with RAN2 impact:
1. 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

Other than investigating efficient operation of adaptation for network power saving as in our companion paper [2], as part of the SI scope, it is also to study potential UE assistance information to assist network in making better decision for network energy saving
In this contribution, UE assistance information for network energy saving is being discussed. 
2	Discussion
2.1	Rel-15/16 UE assistance
In Rel-15, overheating mechanism is introduced with UE assistance information provided by the UE to inform the network which related configurations in the UE needs reduction in order to prevent UE from overheating.  The UE assistance for overheating can be related to configurations corresponding to bandwidth or to the number of MIMO layers or to the number of CCs.  In Rel-16, this is further extended also to UE power saving with additional UE assistance information related to C-DRX configuration preferences, minimum scheduling offset preference and RRC states preference.  
Obviously, the usual UE assistance from overheating and UE power saving such as bandwidth reduction, number of MIMO layer reduction as well as number of CCs reduction will help in also network energy saving as well. For example, with bandwidth reduction as UE assistance, network can use this information to decide to reduce the bandwidth of a dedicated BWP or move/switch UEs to a smaller BWP and to switch off the whole BWP no longer needed by the UE. Likewise, for the number of CCs and MIMO Layers, the network can use this UE assistance information to switch off potential SCells no longer needed and/or to turn off antenna ports when the MIMO layers are reduced.  During low cell load situation, bundling of C-DRX on duration of multiple UEs together may also provide network energy saving. Knowing the UE C-DRX configuration preferences may also be useful for this case. Knowing RRC state preference is also useful for network energy saving if UE is configured with periodic SRS and CSI-RS resources. On the other hand, minimum scheduling offset preference are more UE power saving and probably less for network energy saving.

Another open question can be whether this UE assistance information is provided by the UE via the existing RRC UAI message or faster feedback over MAC CE or UL L1 signalling or the request by network is via RRC or other means (e.g. MAC layer) a it is being discussed in [2].

Observation#1: Legacy UE assistance for bandwidth reduction, maximum number of MIMO layers and CCs, C-DRX preference and RRC state preference defined in Rel-16 UE power saving WI are still relevant for network energy saving.

Proposal#1: Legacy UE assistance for bandwidth reduction, maximum number of MIMO layers and CCs, C-DRX preference and RRC state preference from Rel-16 UE power saving WI are further studied to also apply them for network energy saving.

2.2	Possible additional UE assistance for booster cell
In a typical deployment, small cells can be deployed as booster cells in a macro cell deployment as follow either within the macro cell or at cell edge between macro cells.


Figure 1: Example deployment with small (booster) cells and macro cell as coverage cell
When the cell load on the small cells are low and the macro cells are not overloaded, the small cells can be turned off to allow for network energy saving.  However, when the macro cell load is over a certain threshold, the macro cell may want to offload some of the traffic load to the small cell.  In this case, the UE location as well as the mobility status may be beneficial for the network to know which small cell to turn on in order to have an effective offload and keeps some small cells turn off for network energy saving. The mobility status can be determined based on whether it is moving or not or in low or high mobility (e.g. based on the low mobility criteria as used by Rel-17 RLM/BFD relaxation).  For the UE location, it can be based on GPS positioning or RF fingerprint. 
In LTE, an eNB can also perform ‘cell muting’ by turning on/off the downlink transmission of a cell adaptively. Such a cell with downlink transmission turned off continue to transmit periodic discovery signals and can be configured by the eNB as a deactivated SCell for a UE configured with RRM measurement for such discovery signal-based measurement. Even though the main purpose for cell on/off is for inter-cell interference coordination and avoidance, it can also be used for network energy saving. This discovery signalling approach can be ported to NR for the network to know which small cell to turn on. With the discovery signal based measurement report from the UE, the UE can be configured by the gNB with the coverage cell to report which small cell the UE is in coverage based on the discovery signal and the gNB with the coverage cell can turn on the appropriate booster cells when it needs to. This discovery signal can be just the existing SSB (with long periodicity) so that RRM measurement can be made by legacy UEs. Similarly, for the NR-DC and EN-DC case, it is also useful for UE to report such measurement on SCG cells that have been to turn off except for the discovery signal to the master nodes (EUTRAN for the EN-DC case and NR for the NR DC case) so that the master nodes can turn on the SCG cells for offloading purpose in dual connectivity operation.
Without such UE assistance information (UE location and mobility or discovery signal measurement), the network will have to turn on all the small cells within the macro cell or perform a trial-and-error method to turn on the small cells randomly.  This may reduce the effectiveness of offloading as well as reducing the efficiency of network energy saving. With the UE assistance information provided to the gNB of the coverage cells, like in the LTE case, the gNB of the coverage cells can request the gNB with the booster or SCG cells to turn on.  
Observation#2: By knowing the UE location and mobility status or through the reporting of the discovery signal based measurement from UE (e.g. low periodicity SSB), the network (gNB of the coverage cell or overlapping cell) can turn on the right small cells for offloading purpose and improve the network energy efficiency. 
Proposal#2: To further study whether UE assistance (e.g. UE location and mobility, reporting of discovery signal (e.g. e.g. low periodicity SSB) based measurement from UE) that can aid network in turning on the booster cell or SCG cells for network energy saving.
2.3	Need of Fast and immediate UE feedback
To allow the network to turn on and off components in a timely manner, it also requires UE to provide timely feedback. For example, it will be beneficial for the UEs to feedback on its bandwidth need in a timely manner and the network can switch the UE to some BWP while turning off some of the larger BWP where no UE is operating. However, such timely UE feedback may come as a cost on UL signalling overhead.
Currently, such UE feedback is done via UE Assistance Information which is an RRC message. Faster UE feedback can be achieved via MAC CE or L1 PUCCH signalling, since RRC processing at the gNB is not needed. However, use of MAC CE also means that it may be less reliable as it will not have RLC AM which offers further retransmissions for RRC messages beyond HARQ retransmissions. 
Another point is whether there is a need for the network to get immediate feedback once it requested for UE assistance. Such immediate feedback allows the network to receive UE assistance in a timely manner in order to decide whether to perform network energy saving techniques. However, it is unclear to us whether such immediate feedback with network request is necessary since UE preference will not change just because network requests the UE preference for network energy saving,
In our view, RAN2 should first discuss and justify which of network components for energy saving requires such fast UE assistance feedback and also whether immediate feedback with network request is needed.
Proposal#3: RAN2 to further discuss and justify whether which UE assistance information requires fast UE feedback and also whether immediate feedback with network request is needed.  
4	Conclusion
It is requested that RAN2 agree to the proposals below:
Observation#1: Legacy UE assistance for bandwidth reduction, maximum number of MIMO layers and CCs, C-DRX preference and RRC state preference defined in Rel-16 UE power saving WI are still relevant for network energy saving.

Proposal#1: Legacy UE assistance for bandwidth reduction, maximum number of MIMO layers and CCs, C-DRX preference and RRC state preference from Rel-16 UE power saving WI are further studied to also apply them for network energy saving.

Observation#2: By knowing the UE location and mobility status or through the reporting of the discovery signal based measurement from UE (e.g. low periodicity SSB), the network (gNB of the coverage cell or overlapping cell) can turn on the right small cells for offloading purpose and improve the network energy efficiency. 
Proposal#2: To further study whether UE assistance (e.g. UE location and mobility, reporting of discovery signal (e.g. e.g. low periodicity SSB) based measurement from UE) that can aid network in turning on the booster cell or SCG cells for network energy saving.
Proposal#3: RAN2 to further discuss and justify whether which UE assistance information requires fast UE feedback and also whether immediate feedback with network request is needed.  
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