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Introduction
In RAN2#119-e meeting, the NES techniques were discussed and categorized as follows [1]:
Solution groups:
1 Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1 Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 
The above solutions were discussed in the post RAN2#119-e email discussion, with the following techniques recommended for further study [2]:
1) Common signals related: SSB/SIB/Paging-less (multi-carrier case is studied first); On-demand SSB/SIB1 (e.g., triggered by WUS); Extended SSB/SIB1 periodicity
2) Group signalling/configuration related: Group HO/CHO; NW DTX/DRX; BWP adaptation
3) Cell selection/reselection.
In this paper, we further discuss on-demand SSB/SIB1 (cell activation) triggered by UL WUS, and try to address companies’ concerns raised during the email discussion.
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Cell activation triggered by UL WUS
This technique is to enable the UE to send a UL WUS signal to waken up a sleeping cell, as shown in Fig. 1. Specifically, for a cell in the idle and ultra-low load state, it does not transmit SIB1 for NES. UEs can send UL WUS signal to trigger the transmission of SIB1. 
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Fig. 1: Cell activation triggered by UL WUS
Technique description
The general procedures for this technique are as below:
Step 1: When the gNB is in the idle and ultra-low load state, it does not broadcast SIB1 for NES. The gNB still broadcasts SSB (maybe with a long periodicity, e.g. 160 ms), for cell discovery and measurement. The SSB can be enhanced for in two directions: i) the SSB is enhanced to indicate the WUS related information, e.g. the parameters for WUS signal generation and indication of time-frequency location for sending the WUS signal, and ii) the SSB is modified to occupy less symbols.
Step 2: When an idle/inactive UE needs to acquire SIB1, e.g. when it enters the cell, it sends a WUS signal in specific time-frequency location. The WUS signal may be cell specific. 
Step 3: Upon the reception of the WUS signal, the gNB is wakened up to transmit the normal SSB and SIB1. The conditions for cell waken-up can be further studied. 
Step 4: Upon the reception of SSB and SIB1, the UE can continue the subsequent procedures, e.g. cell (re)selection and RACH. If SSB and SIB1 are not received, the UE may resend the WUS signal. The conditions for initiating the resending of the WUS signal can be further studied.
Step 5: When the gNB has no or few UEs to serve, it may switch back to the sleep mode and does not broadcast SIB1. The conditions for entering the sleep mode can be further studied.
Potential spec impact
There are a few aspects to be studied from perspective of both RAN1 and RAN2 as listed below:
· Enhancement to SSB (the design of DRS). The SSB structure can be simplified to carry less information and leave some space for WUS configuration. The detailed physical layer design for enhanced SSB is within the scope of RAN1, while other aspects, e.g. identify which fields in the current MIB are essential and which can be omitted in the simplified SSB (DRS) design, should be studied in RAN2.
· WUS signal. The detailed physical layer design for the WUS signal, e.g. the sequence used for the signal and the candidate time/frequency location for sending the signal, is within the scope of RAN1. Other aspects, e.g. which information to be carried in the signal and how to indicate the candidate time/frequency location for sending WUS signals, should be studied in RAN2.
· Conditions for cell activation. RAN2 can study the potential mechanisms to reduce the probability of WUS false or missed alarms and avoid the unnecessary re-transmission of WUS signals.
· Mechanisms to reduce the access latency, e.g. how to reduce the waiting time for UE obtaining the broadcast signals after the WUS signal is sent. This can be studied in both RAN1 and RAN2. Especially, RAN2 can study e.g. the enhancement to cell search and (re)selection. 
Proposal 1: The WUS triggered cell activation mechanism shall be considered in RAN2 study, with focus on
· Information carried in SSB/WUS;
· [bookmark: _GoBack]Enhancement to support efficient cell waking-up;  
· Mechanism to reduce access latency.
Clarifications
During the discussion in RAN2#119e and the post meeting email discussion, the companies’ understandings on this technique are not aligned. Below, some clarifications on this technique are provided.
Question 1: In what situation the cell can enter the sleep state?  
Answer: This is in general an implementation issue. Some exemplary conditions for entering the sleep state include: 
· When no connected UE served in the cell, it can enter the sleep mode;
· If the cell is frequently wakened up, it does not enter the sleep mode any more in a certain time period;
· The cell can predict the probability of the reception of WUS, based on which it can decide when to enter the sleep state.
Question 2: In absence of DL timing (SSB), how to ensure the gNB can receive WUS in a reasonable time window?
Answer: The timing needs to be provided by the enhanced SSB (or named Discovery Reference Signal, DRS). So, the enhanced SSB need to contain at least PSS/SSS and the indication of e.g. SFN and HFI.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the WUS triggered cell activation mechanism and made the following proposal:
Proposal 1: The WUS triggered cell activation mechanism shall be considered in RAN2 study, with focus on
· Information carried in SSB/WUS;
· Enhancement to support efficient cell waking-up;  
· Mechanism to reduce access latency.
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