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Introduction
[bookmark: _Ref421460494]In RAN 1 #90, a working assumption was agreed:
Working assumption:
· 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
Agreements:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)
In this paper, we discuss on the physical signal for NB-IOT. 
Power saving physical signal
Two candidate solutions were narrowed down in RAN 1 #90. Compared with Wake-up signal with no DTX, the expected benefit of “wake-up signal or DTX” is less DL resource overhead. This means that, the DL resource can be used for other DL transmission for other purpose. Therefore, the performance for “wake-up signal or DTX” shall base the result with random data transmission. With random data passing fading channel, the false alarm rate shall be provided by simulation, as well as miss rate. 
Proposal #1: For the solution of “wake-up signal or DTX”, the false alarm rate shall be evaluated with random data via fading channel. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK2]For Wake-up signal with and without DTX, if multiple repetition levels are introduced and UE needs to blindly detect for multiple repetition number, the performance will be impacted. More attempts will lead to higher false alarm rate. For example, if one attempt has 1% Pfa and N attempts result in 1-(1-1%)n Pfa. On the other hand, in order to reduce the false alarm rate, the detection threshold needs to be adjusted and it will also reduce the performance of miss rate. If one repetition level is configured by eNB, it shall target to the worse coverage UE and the system overhead is large. In addition, UE needs to be very confident and smart to make decision early before the max repetitions; otherwise, there is no power saving. 
Therefore, the evaluation of wake up signal shall be considering the support of different coverage level. The fall back solution is using 1 bit DCI with CRC with blind detection of different repetition level to support potential different coverage level. 
Proposal #2: Support DCI based solution if support of different coverage level cannot be proper solved. 

Configuration and mechanism for power saving signal
UE calculates its PO based on UE_ID, that is, within one DTX cycle, different UEs may have different PO. There are two alternatives on how to associate with UEs belongs to different PO but within one DTX cycles from eNB perspective: 
· Option 1: The power saving signal (noted as WUS) may be transmitted before every PO
· Option 2: WUS is shared by UEs with different POs belong to the same DTX cycle. 
Option 1 requires more DL overhead. The benefit is that if the paging rate is high, UE will not be always waked up. Option 2 requires less DL overhead, but if the paging load is heavy, UE may always been wake up. However, from system design perspective, eNB shall have the flexibility to trade off the system overhead and paging load. Therefore, both options can be supported. On easy way to support both options is that, to configure a separate periodicity for wake-up signal as well as the time/frequency resource, e.g., time domain offset for WUS to avoid collision with NPDCCH search space.
UE can detect for the nearest wake-up signal to decide wake up or not. That is, if the periodicity of WUS is larger than DTX cycle, more than one PO will be associated with one WUS.In order to give enough time for UE to “wake up”, a gap can be introduced between the WUS and PO. The gap can be pre-defined in the specification shown as Figure 1(option 2).  
Proposal #3: The periodicity of the power saving signal is separated configured by RRC as well as the time/frequency resource. 
Proposal #4: A pre-defined gap is introduced for power saving signal detection and preparing for NPDCCH decoding. 


Option 1: WUS is transmitted per PO


Option 2: WUS is shared by UEs with different POs
Figure 1
If the paging rate is very high, UE will be always waked up as long as one of the UE belonging to the same PO got paged. In RAN 1 #90, it was discussed if one wake up signal can apply to a sub-set of UEs of one PO. However, it will impact on the performance of wake up signal. In additional, to monitor the wake up signal, extra power and DL resource might be needed. If the paging rate is too high, the whole feature shall be turned off other than support more than one bit information by wake up signal. It can also simplify UE complexity. 
Proposal #5: 1 bit information is provided by the power saving signal. No support further group the UE in one PO.
Conclusion
In this contribution, techniques for DL power consumption reduction for NB-IOT were discussed. Based on the analysis, we proposed that: 
Proposal #1: For the solution of “wake-up signal or DTX”, the false alarm rate shall be evaluated with random data via fading channel. 
Proposal #2: Support DCI based solution if support of different coverage level cannot be proper solved. 
Proposal #3: The periodicity of the power saving signal is separated configured by RRC as well as the time/frequency resource. 
Proposal #4: A pre-defined gap is introduced for power saving signal detection and preparing for NPDCCH decoding. 
Proposal #5: 1 bit information is provided by the power saving signal. No support further group the UE in one PO.
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