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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]According to RAN1#110bis-e meeting, the following suggested proposals for agreement/conclusion were made[1]:
	Proposal #2-3H
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS


In this contribution, we will discuss scenarios for which UE WUS can be applied and some common conditions to trigger WUS.

Discussion
Scenarios
In order to save network energy, cells with empty/low load can enter into energy saving state when there is no/little served UE in these cells. In this energy saving state, BS will stop transmission of SSB/SIB1 or maintain only a very sparse transmission of SSB/SIB1. Obviously, this reduction of periodical SSB/SIB1 transmission could result in much energy saving gain in empty load case. However, energy saving cells should be activated in time when there is need to serve a UE since they can’t serve the UEs without normal SSB/SIB1 transmission. UE WUS is a potential solution to notify an energy cell of UE appearance.
For legacy energy saving cell activation/deactivation mechanism in NR Rel-17, SA designs an energy saving cell activation/deactivation mechanism for capacity booster cell overlaid by candidate coverage cell(s) in TS 28.310 [2]. One example is provided below: two gNB cells (Cell A, Cell B) cover the same geographical area, where Cell B has a smaller size than Cell A and is covered totally by Cell A. Generally, Cell A is deployed to provide continuous coverage of the area, while Cell B increases the capacity of the special sub-areas, such as hot spots. 
[image: ]
[bookmark: _Ref110956152]Fig. 1: Cell activation of capacity booster cell (Cell B) by candidate coverage cell (Cell A)
As described in TS 28.310, load-based energy saving (ES) cell activation/deactivation are specified to save network energy consumption. For example, Cell B becomes an ES cell when there is empty/low load. In this ES state, Cell B BS turns off almost all the hardware components for transmission/reception (i.e., go to quasi-off sleep mode) so that no UE can be served or camped in Cell B. At the same time, Cell B will monitor signalling information from Cell A via Xn interface to see whether it should become a normal operation cell.  Based on load information, Cell A providing basic coverage may request activation of Cell B, i.e., recovering normal state from ES state. 
However, the legacy mechanism for energy saving has two defects:
1. Cell B is not aware of IDLE UEs presence or not. It can only be activated based on network evaluating the traffic load;
2. If there are multiple such kind of ES Cell around, the network may need to turn them all on when the traffic load increase, causing energy waste when some cell is to provide service to no or only a few UEs.
With UE WUS, the above two defects can all be addressed. Therefore, we propose to introduce UE WUS for IDLE/INACTIVE UE for single-carrier scanario.
Proposal 1 An IDLE/INACTIVE UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario. 
Similarly, if UE is in RRC_CONNECTED state, the second defect stated above still exists. Although there may be some technique for the serving cell (e.g. cell A) to estimate which ES cell UE is likely approaching (e.g. UE location estimation based on UE measurement of nearby cells), this cannot be always gauranteed if the environment is complexed or the density of cell deployment is low. Therefore, UE WUS can also serve well in this case. When an ES cell (e.g. cell B) receives UE WUS, it can switch to normal working state for the UE’s following possible handover procedure. 
Although there is an alternative solution, i.e. the ES cell transmits DRS and UE reports DRS measurement to serving cell and serving cell sends cell activation to the ES cell, UE may encounter RLF before UE starts to report a strong RSRP of the ES cell to the serving cell. In this case, UE may not be successfully handovered to the ES cell. Therefore, with introducing UE WUS in this case, UE may be able to send UE WUS to the ES cell and perform CHO to it. Therefore, we propose to introduce UE WUS for RRC_CONNECTED UE for single-carrier scanario.
Proposal 2 An CONNECTED UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario. 
In the previous email discussion, UE WUS is also mentioned as a solution to trigger on-demand SSB/SIB1 on a non-anchor inter-band carrier/cell (SSB-less intra-band SCell is already supported in legacy Spec). Therefore, we propose to support UE WUS to trigger on-demand SSB on a non-anchor carrier/cell.
Proposal 3 An CONNECTED UE can transmit a UE WUS to request a NES cell to transmit on-demand SSB in multi-carrier scenario. 
In sum, we propose UE WUS to be supported in the following scenarios:
Table 1: scenarios that UE WUS may be applied to aid NW to achieve NES gain
	        UE states
scenarios    
	IDLE/INACTIVE
	CONNECTED

	single-carrier
	Solution: UE WUS for ES cell on/off or ES cell NES-state switching
	Solution: UE WUS for ES cell on/off, ES cell NES-state switching or on-demand SSB

	
	NES gain: NW achieves time domain NES gain when the ES cell is off or entering certain NES-state.
	NES gain: NW achieves time domain NES gain when the ES cell is off or entering certain NES-state.

	multi-carrier
	
	Solution: UE WUS for on-demand SSB

	
	
	NES gain: NW achieves time domain NES gain when the non-anchor cell does not transmit SSB/SIB1


As stated above, UE WUS is considered as a NES technique to aid NES cells to perform cell on/off, switch NES-state or transmit on-demand SSB. 
Proposal 4 RAN2 to confirm that UE WUS is considered as a NES technique to aid NES cells to perform cell on/off, switch NES-state or transmit on-demand SSB.
Conditions to trigger UE WUS
The following table provides some potential impacts of applying UE WUS in the scenarios stated above from RAN2’s perspective. 
Table 2: impact to legacy UE and WUS-capable UE for scenarios that UE WUS may be applied
	        UE states
scenarios    
	IDLE/INACTIVE
	CONNECTED

	single-carrier
	impact to legacy UE:
- legacy UE to perform initial cell search can access to coverage cell; 
- WUS-capable ES cell does not prevent legacy UE from cell reselection to it.
	impact to legacy UE:
- legacy UE to perform initial cell search can access to coverage cell; 
- WUS-capable ES cell does not prevent legacy UE from cell reselection to it.

	
	impact to WUS-capable UE:
- whether WUS-capable UE can perform initial cell search in ES cell;
- cell reselection considering there is WUS-capable ES neighbour cell
- discuss situations that WUS may be applied:
· upon serving cell entering ES state;
· when UE performs neighbour cell measurement and the measurement result from ES cell is suitable;
· when UE performs initial cell search and cannot find a suitable cell; 
	impact to WUS-capable UE:
- CHO considering there is WUS-capable ES neighbour cell
- discuss situations that WUS may be applied:
· upon serving cell entering ES state;
· when UE is performing neighbour cell measurement and the measurement result from ES cell is suitable;



	multi-carrier
	
	impact to legacy UE:
- none, legacy UE can access to anchor cell;

	
	
	impact to WUS-capable UE:
- discuss situations that WUS may be applied:
· trigger on-demand SSB/SIB1 for an inter-band non-anchor cell;


[bookmark: _Hlk92532133]Although DRS and WUS sequence design is up to RAN1, it is RAN2’s scope to analyze the conditions to trigger UE WUS. Some conditions may need further input from other WG. But as a start, RAN2 can first discuss about some baseline principles listed below that UE WUS can be triggered:
· If the cell on which the UE is camping is to enter certain NES state and the UE cannot camp on it, UE WUS can be triggered;
· If the UE cannot find a suitable cell to camp on upon cell reselection, UE WUS can be triggered; 
· If the UE detects reference signal from the WUS-capable NES cell, UE WUS can be triggered;
Note that these are general principle descriptions and detailed conditions can be further studied.
Proposal 5 RAN2 to discuss the principles that UE WUS can be triggered:
· If the cell on which the UE is camping is to enter certain NES state and the UE cannot camp on it, UE WUS can be triggered;
· If the UE cannot find a suitable cell to camp on upon cell reselection, UE WUS can be triggered; 
· [bookmark: _Hlk92538289]If the UE detects reference signal from the WUS-capable NES cell, UE WUS can be triggered;
TP for TR
Based on the above proposals, we draft a text proposal of UE WUS for TR 38.864 for discussion in Annex 5.1.
Proposal 6 RAN2 to discuss and adopt the text proposal of UE WUS for TR in Annex 5.1.

Conclusion
Based on the discussion, we have the following observation and proposals:
Proposal 1 An IDLE/INACTIVE UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario.
Proposal 2 An CONNECTED UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario.
Proposal 3 An CONNECTED UE can transmit a UE WUS to request a NES cell to transmit on-demand SSB in multi-carrier scenario.
Proposal 4 [bookmark: _GoBack]RAN2 to confirm that UE WUS is considered as a NES technique to aid NES cells to perform cell on/off, switch NES-state or transmit on-demand SSB.
Proposal 5 RAN2 to discuss the principles that UE WUS can be triggered:
· If the cell on which the UE is camping is to enter certain NES state and the UE cannot camp on it, UE WUS can be triggered;
· If the UE cannot find a suitable cell to camp on upon cell reselection, UE WUS can be triggered; 
· If the UE detects reference signal from the WUS-capable NES cell, UE WUS can be triggered;
Proposal 6 RAN2 to discuss and adopt the text proposal of UE WUS for TR in Annex 5.1.
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Annex
Text Proposal of UE WUS for TR 38.864

6.1	Techniques in time domain
6.1.2	Wake up of gNB triggered by UE wake up signal (WUS)
6.1.2.x	Higher layer procedures
UE WUS is considered as a NES technique to aid NES cells to perform cell on/off, switch NES-state or transmit on-demand SSB, which can be applied in the below scenarios:
· An IDLE/INACTIVE UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario.
· An CONNECTED UE can transmit a UE WUS to request a NES cell to turn on or switch its NES state in single-carrier scenario.
· An CONNECTED UE can transmit a UE WUS to request a NES cell to transmit on-demand SSB in multi-carrier scenario.
The following principles are applicable for further studying the conditions that UE WUS can be triggered:
1. If the cell on which the UE is camping is to enter certain NES state and the UE cannot camp on it, UE WUS can be triggered.
2. If the UE cannot find a suitable cell to camp on upon cell reselection, UE WUS can be triggered.
3. If the UE detects reference signal from the WUS-capable NES cell, UE WUS can be triggered.
Note: FFS detailed conditions to trigger WUS.
6.1.2.y	Assistance information from UE side
Not relevant.
Editor's note: will be updated once more agreements are made.
6.1.2.z	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.
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