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[bookmark: _Ref409106980][bookmark: _Ref465843822]Introduction
In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reducing latency and power consumption, improving measurement accuracy, enhancing NPRACH reliability and range, and reducing system acquisition time etc. [1]. To further reduce the UE power consumption, it is agreed to design a physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. In RAN1#90, the following working assumptions are made regarding to the precursor signal that 
“
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.
”
In this contribution, we further discuss the properties of the precursor signal, i.e., the wake-up signal (WUS). 
Properties of the wake-up signal
System overhead
The WUS needs to be transmitted prior the NPDCCH that carriers paging DCI. However, the WUS is a new signal/channel that the legacy Rel-13 and Rel-14 UE does not understand. As in NB-IoT, only cell specific DRX is supported, this means it is likely that Rel-13, Rel-14 and Rel-15 NB-IoT UEs need to monitor the same paging occasion (PO). Therefore, the WUS should not be placed inside the type-1 common search space (CSS), as this may have performance impact on the legacy UEs. 
Proposal 1: [bookmark: _Ref487633313]Due to the impact on legacy NB-IoT UEs, the WUS should not be placed inside the type-1 CSS.
Since WUS is not understood by the legacy Rel-13 and Rel-14 UEs, if the network needs to send the WUS, the scheduler needs to take care of the Rel-13 and Rel-14 UEs. Moreover, since all UEs in the cell shares the POs according their UE_ID, in some cases, only Rel-13 and Rel-14 UEs will be paged by the network.  Therefore, it is not preferred to send WUS unless necessary, i.e., only send WUS when Rel-15 UEs that support WUS being paged. Therefore, to minimize the resource fragmentation, WUS with DTX is preferred. 
Proposal 2: [bookmark: _Ref494443581]To minimize the resource fragmentation in the DL, WUS or DTX is preferred.
[bookmark: _Hlk494380236]However, due to the life span of NB-IoT devices, it is likely the Rel-13 and Rel-14 will be in use for a long time after being deployed. Usually in a cell, the traffic fluctuates from time to time. In idle mode, the network does not know the exact coverage level a UE is at. When MME sends paging request to eNB, it appends the last used number of repetitions to the eNB as a recommendation. After a given amount of time when the eNB pages a UE and if there is no response, the eNB would increase the number of repetitions, and page the UE again.  This also applies to the WUS. The difference is that the type-1 CSS is designed in a way that when several UEs with different coverage levels are paged at the same time, the UEs in good coverage can decode the NPDCCH quicker and perform early termination. The purpose of the WUS is to enable power saving at the UE, therefore, it is not preferred that the UE need to monitor multiple WUSs, e.g., corresponding to different coverage levels. Therefore, the WUS needs to be dimensioned according to Rmax of the CSS or the worst UE in a PO, otherwise the UE needs to perform multiple hypotheses to detect the presence of the WUS. 
Proposal 3: [bookmark: _Ref494443626]For the UE perspective, it is proposed that only one decoding hypothesis for WUS is defined to minimize the monitoring efforts at the UE of the WUS. 
Obviously, the drawback of doing so, when only a few UEs are in extreme coverage, is that in a cell the length of the WUS needs to be dimensioned in order that these few UEs can detect the WUS reliably. As the assumed paging load is very low, the cost of having such a long WUS all the time is very high at the network side. Therefore, it is proposed that  
Proposal 4: [bookmark: _Ref494443634]the WUS support is optional and configurable per UE. The network can indicate that certain UEs should not monitor WUS for paging but use the legacy mechanism, i.e., monitor type-1 CSS for paging without WUS.

Wake-up signal and its synchronization function
In [2], it is proposed that the WUS should provide synchronization function, however, the motivations were not clearly stated, and there were no identified scenarios where this is beneficial. On the other hand, as discussed in [2], the drawback of designing a WUS that provides synchronization function is very clear, e.g., significant more resource is needed. This is not preferred from a system point of view, as the NB-IoT DL resource is very limited. 
Notice that according to the simulation assumptions [3], the paging load in a cell is 10%, this means if DTX is considered, the WUS would at most appear 10% of the time. In addition to that, due to the randomness of paging, a UE would not be able to rely on a signal that randomly appears for synchronization or measurement in every DRX or eDRX cycle. 
Observation 1: [bookmark: _Ref494488360]For ‘WUS with DTX’ it is not possible for the UE to use it for (re)-synchronization or measurement in every DRX or eDRX cycle, since WUS appears randomly in time.
Moreover, when the NB-IoT UE is in DRX, according to the idle mode mobility requirements, the UE is required to perform measurements. In TS36.133, it is required that “the UE shall measure the NRSRP and NRSRQ level of the serving NB-IoT cell and evaluate the cell selection criterion S defined in the serving NB-IoT cell at least every DRX cycle.” Therefore, in order to perform the measurements, regardless whether the UE needs to monitor paging or not, the UE should maintain synchronization to the network. Otherwise, the UE cannot fulfil the measurement requirement for idle mode mobility. Therefore, we can always assume the UE is synchronized to the network prior the reception of the WUS. 
Observation 2: [bookmark: _Ref487633525][bookmark: _Ref494443661]Due to idle mode mobility requirement, the UE needs to maintain synchronization to the network during DRX to perform the NRSRP and NRSRQ measurement.  Therefore, there is no additional benefits for the WUS to provide synchronization function. 
When the NB-IoT is in eDRX, before monitoring the paging time window (PTW), the UE needs to confirm whether it still remains in the same cell. If not, the UE needs to reacquire the system information, and find the PO in the new cell. Notice that, the cell identity is carried by NSSS. To receive the NSSS correctly, the UE also needs to synchronize to the network first. Therefore, even if the WUS can provide synchronization function, it cannot help the UE to identify the cell. Notice that the WUS is most likely to be cell specific, and the configurations of WUS may differ among neighbouring cells. Hence, when the UE is in eDRX, it needs to wake up early enough to confirm which cell it is in. This ensures the UE would not miss the WUS when it comes to a new cell. 
Observation 3: [bookmark: _Ref494443666]In eDTX, since the UE needs to confirm whether it remains in the same cell as before by checking the NSSS, the UE should already be in sync with the network before the PTW. Therefore, it is not necessary for the UE to use WUS to synchronize to the network.  
In addition, as discussed in RAN1, the NSSS can be used in additional to NRS for measurement. Since the UE can also use NSSS to correct its timing and/or frequency errors, it is not necessary that we design the WUS to have a similar functionality. As the NSSS appears periodically on time, the UE can rely on it more than the WUS which only shows up when there is a paging. 
Observation 4: [bookmark: _Ref494443674]As NSSS can be used in additional to NRS for measurement, there is no benefit to design the WUS to have a similar functionality.   

Connected mode DRX
In connected mode, as the user specific search space (USS) is configured per UE basis, the overhead of have a WUS is very large at the network side. Furthermore, it is unlikely that the network would keep the UE in connected mode for a very long time, if there is no data going to be sent to the UE. Therefore, the WUS can not help to save the power at the UE. This is because that the resource that can be used for NPDCCH for a UE may be occupied by the WUS for another UEs, which results in the UE needs to stay in connected mode longer due to the TDM nature in the downlink. Therefore, it is proposed that 
Proposal 5: [bookmark: _Ref494443653]Due to the significant overhead and unclear benefit, WUS should not be introduced for connected mode DRX. 
Conclusions
Based on the discussions, we have the following proposals and observations regarding the WUS functions. 

Proposal 1: Due to the impact on legacy NB-IoT UEs, the WUS should not be placed inside the type-1 CSS.
Proposal 2: To minimize the resource fragmentation in the DL, WUS or DTX is preferred.
Proposal 3: For the UE perspective, it is proposed that only one decoding hypothesis for WUS is defined to minimize the monitoring efforts at the UE of the WUS.
Proposal 4: the WUS support is optional and configurable per UE. The network can indicate that certain UEs should not monitor WUS for paging but use the legacy mechanism, i.e., monitor type-1 CSS for paging without WUS.
Proposal 5: Due to the significant overhead and unclear benefit, WUS should not be introduced for connected mode DRX.
[bookmark: _GoBack]Observation 1:For ‘WUS with DTX’ it is not possible for the UE to use it for (re)-synchronization or measurement in every DRX or eDRX cycle, since WUS appears randomly in time.
Observation 2: Due to idle mode mobility requirement, the UE needs to maintain synchronization to the network during DRX to perform the NRSRP and NRSRQ measurement.  Therefore, there is no additional benefits for the WUS to provide synchronization function.
Observation 3: In eDTX, since the UE needs to confirm whether it remains in the same cell as before by checking the NSSS, the UE should already be in sync with the network before the PTW. Therefore, it is not necessary for the UE to use WUS to synchronize to the network.
Observation 4: As NSSS can be used in additional to NRS for measurement, there is no benefit to design the WUS to have a similar functionality.
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