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1	Introduction
In RAN#119e, on UE assistance information, the general understanding is that the UE assistance information introduced for network energy saving needs to be specific to a network energy solution:
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 

In this contribution, based on the above principle, UE assistance information for network energy saving is further discussed based on the specific network energy techniques. 
2	Discussion
2.1	UE assistance for NES using Rel-15/16 assistance information
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 to UE power saving with additional UE assistance information related to C-DRX configuration preferences, minimum scheduling offset preference and RRC states preference.  
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 also help in network energy saving as well. In the last RAN2 meeting, resource adaptation in RRC Connected mode is considered as NES solution groups for further discussion in the SI phase, 
In the email discussion, it is proposed by the rapporteur to further discuss the following network energy saving techniques for group signalling/configuration related:

2-2) Cell DTX/DRX
2-3) BWP adaptation

Therefore, we discuss how the existing UE assistance information to support cell DTX/DRX and BWP adaptation. 










1) Cell DTX/DRX
	Introduction
	Configure DRX in a UE-group or cell-specific manner, so that DTX at the gNB can be applied and aligned.

	Scenario
	Single-carrier, multi-carrier; UEs in all states

	NES gain
	Reduce the always-on transmission/monitoring

	Impact to legacy UEs
	Current spec already allows DRX, where legacy UEs can only be configured by per-UE signalling.

	UE assistance info candidates
	short-term traffic characteristic/status etc. FFS preferred DRX/DTX pattern

	RAN2 impact
	Current spec already allows configuring same DRX configuration for UEs.
FFS UE behaviour during NW DRX/DTX on/off duration, NW expected behaviour/ NES state during NW DRX/DTX on/off duration.



For the above Cell DTX case, during low cell load situation, bundling of C-DRX on duration of multiple UEs together may also provide network energy saving. Knowing the UE’s preference of the C-DRX configuration may help the network in setting the right on-duration for the UEs during the C-DRX bundling for Cell DTX and thus improve the network energy saving.  For the Cell DRX case, the UL traffic pattern of a UE based on the existing BSR may already provide some insight to the network (assuming the network monitors/tracks the BSR reporting over time). 

2) BWP adaptation
	Introduction
	UEs can be configured with a cell-NES specific BWP, and use group common signalling to switch UEs to the cell-NES specific BWP

	Scenario
	Single-carrier, multi-carrier; UEs in Connected state, FFS UEs in Idle/Inactive state

	NES gain
	Reduced signalling and faster NW state transition 

	Impact to legacy UEs
	Legacy UEs don’t support the group signalling, but relying on the existing UE-dedicated BWP switching or timer.

	UE assistance info candidates
	To be provided by proponents

	RAN2 impact
	Group-common BWP switching signalling. FFS group-common BWP configuration. FFS semi-static configuration or timer-based BWP switching. FFS periodic switching.

	Note
	FFS whether this solution will be merged to the solution of “resource adaptation”



For the above BWP adaptation, with Rel-15/16 bandwidth preference, network can use this information to decide when to reduce the bandwidth of a dedicated BWP or even move/switch UEs to a smaller BWP which can help the UE to switch off the whole BWP no longer needed by the UE. 

Observation#1-1: For Cell DTX, bundling of C-DRX on duration of multiple UEs together may also provide network energy saving. Knowing the UE C-DRX configuration preferences may help the network in setting the right on-duration for the UEs during the C-DRX bundling for Cell DTX and thus improve the network energy saving. For the Cell DRX case, the UL traffic pattern of a UE based on the existing BSR may already provide some insight to the network.

Observation#1-2: For the above BWP adaptation, with  Rel-15/16 bandwidth preference, network can use this information to decide to reduce the bandwidth of a dedicated BWP or move/switch UEs to a smaller BWP and switch off the whole BWP no longer needed by the UE.

Proposal#1: Include the following as candidate UE assistance info for NES technique Cell DTX/DRX:
· UE’s preference of C-DRX configuration for Cell DTX (whether to reuse the existing preference from Rel-16 UE power saving or new one for NES can be further discussed in WI phase) 
· Monitoring UL traffic pattern (e.g. existing BSR reporting) for Cell DRX

Proposal#2: Include the following as candidate UE assistance info for NES technique BWP adaptation:
· UE’s preference of UL/DL bandwidth (whether to reuse the existing preference from Rel-16 UE power saving or new one for NES can be further discussed in WI phase) 

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 can 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.  
Currently, this additional UE assistance information is in Group HO/CHO table (See below), but this is applicable for all cases where the cell is being turned off in a multi-carrier deployment. Hence, we think that it should be captured separately into Section 6.x in the TR.
1. Group HO/CHO
	Introduction
	Pre-configure the candidate target cell(s) to the Ues (e.g. via RRC), and trigger the HO/CHO with group-common signalling (e.g. L1/L2).

	Scenario
	Single-carrier, multi-carrier; UEs in connected state

	NES gain
	Reduced HO commands; allowing the network to go into sleep mode timely.
In a multi-carrier deployment, it also allows the coverage cell to offload back to the small cells that had been turned off but now turning on.

	Impact to legacy Ues
	 Depends on the cell energy saving state after it sends group-common signalling

	UE assistance info candidates
	FFS UE location, mobility status, measurement report of small cell with reduced SSB (e.g. with Solution 2) to the coverage cell

	RAN2 impact
	Details of the group-common HO/CHO signalling, details for pre-configuration of candidate cells, etc. FFS handling of T304, whether/how to send response to group-common signalling, security update upon receiving group-common signalling.



Observation#2:  For the legacy deployment with small cell as booster cell and allowing booster cell to be turned off, without knowing the UE location, the network has to turn on all the small cells within the macro cell (coverage cell).
Observation#3: 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#3: Capture UE location, mobility status and reporting of discovery signal (e.g. e.g. low periodicity SSB) based measurement from UE to the coverage cell as UE assistance info candidates for turning on a small cell after the small cell is turned off: in a multi-carrier deployment in Section 6.x in the TR.
4	Conclusion
It is requested that RAN2 agree to the observations and proposals below:
Observation#1-1: For Cell DTX, bundling of C-DRX on duration of multiple UEs together may also provide network energy saving. Knowing the UE C-DRX configuration preferences may help the network in setting the right on-duration for the UEs during the C-DRX bundling for Cell DTX and thus improve the network energy saving. For the Cell DRX case, the UL traffic pattern of a UE based on the existing BSR may already provide some insight to the network.

Observation#1-2: For the above BWP adaptation, with Rel-15/16 bandwidth preference, network can use this information to decide to reduce the bandwidth of a dedicated BWP or move/switch UEs to a smaller BWP and switch off the whole BWP no longer needed by the UE.

Proposal#1: Include the following as candidate UE assistance info for NES technique Cell DTX/DRX:
· UE’s preference of C-DRX configuration for Cell DTX (whether to reuse the existing preference from Rel-16 UE power saving or new one for NES can be further discussed in WI phase) 
· Monitoring UL traffic pattern (e.g. existing BSR reporting) for Cell DRX

Proposal#2: Include the following as candidate UE assistance info for NES technique BWP adaptation:
· UE’s preference of UL/DL bandwidth (whether to reuse the existing preference from Rel-16 UE power saving or new one for NES can be further discussed in WI phase) 

Observation#2:  For the legacy deployment with small cell as booster cell and allowing booster cell to be turned off, without knowing the UE location, the network has to turn on all the small cells within the macro cell (coverage cell).
Observation#3: 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#3: Capture UE location, mobility status and reporting of discovery signal (e.g. e.g. low periodicity SSB) based measurement from UE to the coverage cell as UE assistance info candidates for turning on a small cell after the small cell is turned off: in a multi-carrier deployment in Section 6.x in the TR.
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