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Introduction
In the RAN2 Meeting #100 [1], Wake up signalling (WUS) had been discussed but not concluded how to enable/disable WUS: 

	· RAN2 could not agree on the feasibility to apply one wake-up signal to multiple POs in a PTW. It would need further discussions to reach an agreement in R2
· It is FFS if the use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.


In this contribution, we are discussing how efficiently enable/disable WUS for NB-IoT.
Discussion
In LTE, RAN1 and RAN2 have discussed the WUS solution that if the UE detects a wake up signal, the UE moves from OFF duration i.e., sleep mode to ON duration to monitor (N)PDCCH as in legacy paging monitoring procedure. To make final decision for the WUS solution in last meeting, LS was delivered by RAN1 [2] but the RAN2 had not concluded detail mechanisms. Especially in the WUS function to enable/disable, it should be discussed and concluded by RAN2. In figure 1, the current progress of the WUS mechanism is described. Upon WUS configuration, the UE wake up and monitors WUS from sleep mode. If the WUS is not signalled, the UE goes to sleep without (N)PDCCH monitoring for paging. Since there is no function to enable/disable WUS, UE should always monitor WUS firstly before monitoring (N)PDCCH once the eNB has configured WUS information to the UE.
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Figure 1: Current WUS Progress
For enabling/disabling WUS, it was discussed and some views were shared by an email discussion [3]. There is a majority view which is that the configured WUS is enabled or disabled by broadcasting system information (SI). In figure 2, a simple mechanism using SI is described. In this mechanism, when the UE have initial access to a eNB, the UE can figure out whether the WUS is enabled or disabled via SI acquisition. If the eNB decides to change enabled/disabled of the WUS function in the cell specific area, the eNB pages to the UE to notify update SI procedure. Upon signalling of WUS, the UE notifies the SI update via PDCCH i.e., paging DCI or PDSCH i.e., paging message. After SI update (modification) procedure, the UE figure out the change of WUS enabled/disabled.
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Figure 2: WUS enabled/disabled by SI

 The SI update mechanism to enable/disable WUS is beneficial in the perspective of cell specific handling. If the eNB doesn’t broadcast the information of the WUS enabled/disabled i.e., RRC doesn’t provide any information for the WUS enabled/disabled, lower layer should consider the handling for the function e.g. via MAC CE or DCI. We think the DCI mechanism can be the next to consider because to implement MAC CE handling, the UE should monitor (N)PDSCH to get the MAC CE information after receiving (N)PDCCH. The simple procedure using DCI may operate such as Figure 3. Following the figure 3, Since the UE cannot know the WUS enabled/disabled when the UE initially acquired SI from the eNB, the UE always monitor additional information i.e., DCI for WUS before monitoring PDCCH for paging. It is less efficient mechanism than the SI mechanism. 
Observation 1:
To enable WUS, broadcasting SI can be beneficial for cell specific handling.
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Figure 3: WUS enabled/disabled by DCI
However there can be a weakness in the mechanism using SI update to enable/disable WUS. The only SI update to enable/disable WUS always requires the SI modification procedure to the UE. Then, especially considering in case of WUS enabled to disabled, this procedure causes unnecessary power consumption in IoT environment which is so sensitive to power saving such as NB-IoT or MTC. Considering that the RAN2 is also trying to minimize the effort for reading SIB in this NB-IoT WI phase, this approach may not be desirable.
Observation 2:
To disable WUS, the re-acquiring of SI for just deactivating purpose causes unnecessary power consumption.
To overcome this weak point of the SU update mechanism for changing WUS operation status e.g., from enabled to disabled, we need to focus on the UE which has already valid SI except WUS enabled/disabled information. In perspective of the case of UE, it will be the best scenario is that the UE changes the WUS operation status following the certain indication from the eNB without SI update procedure if the UE acquired valid SI information when the initial access to the eNB. We think the certain indication can be paging DCI in (N)PDCCH or paging message in (N)PDSCH. For example, the UE figures out the WUS enabled by acquiring broadcasting SI when the UE initially access to the eNB. When the eNB decide to disable the WUS operation, the eNB sends paging information via paging DCI or paging signal message. The paging information indicates semi-static toggled WUS operation information i.e., from WUS enabled to disabled until the next toggle indication. The UE firstly monitors the WUS period to get (N)PDCCH but after this paging period, the UE doesn’t monitor the WUS period. Since the UE had received valid SI information at the initial access, the UE doesn’t update the SI update procedure when the eNB actually update SI in the cell specific area to change WUS operation i.e. enabled to disabled. In figure 4, our proposal is described as a simple example. 
Proposal 1:
WUS is enabled or disabled by broadcasting SI when UE initially access to a cell.
Proposal 2:
WUS operation is semi-statically changed e.g. from enabled to disabled by paging information so that UE which has valid SI doesn't need to re-acquire SI.
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Figure 4: WUS enabled/disabled using toggled information
Conclusion

In conclusion, we propose the followings: 
Observation 1:
To enable WUS, broadcasting SI can be beneficial for cell specific handling.

Observation 2:
To disable WUS, the re-acquiring of SI for just deactivating purpose causes unnecessary power consumption.

Proposal 1:
WUS is enabled or disabled by broadcasting SI when UE initially access to a cell.

Proposal 2:
WUS is enabled or disabled by paging so that UE which has valid SI doesn't need to re-acquire SI.
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