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1. Introduction

During RAN1#90 meeting, the following agreements were reached on power saving signal for feNBIoT[1].
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 the following, we discuss the transmission of wake-up signal including how many UEs and how many paging occasions the wake-up signals applies to, the transmission resource and the transmission timing of  the wake-up signals.

2. Discussion  
2.1 Indication granularity of wake-up signal
How many UEs the wake-up signal applies to 
For paging and RRC connected DRX, it may be beneficial to support UE-specific or at least UE-group based power-saving indication in order to achieve much finer power consumption control. The eNB only send power-saving signals to those UEs that would be scheduled in the DRX on-duration or paging occasion thus for UEs without traffic or paging no power-saving signal will be detected and they can remain in the sleeping state. 

For idle mode paging, it may be difficult to design UE-specific wake-up signal, because there would be large numer of idle mode UEs within one paging tracking area. It would make the wake-up signal design too complex in order to support large capacity of UE-specific wake-up signal.But on the other hand, UE-group based wake-up signal for idle mode paging can be feasible. For example, UEs can be grouped based on their UE IDs or access class, i.e., UE with the same access class can be divided  into the same paging group.Each paging group can be assoicated with one wake-up signal, e.g., one sequence within one orthgonal sequence set or cyclic shift of one ZC sequence. Each time one UE is paged, the power-saving signal corresponding to the UE’s paging group is send. Thus on the paging occasion the UEs doesn’t need to wake up to receive paging message when the wake up signals associated with their paging groups aren’t detected.   

 Proposal 1:For idle mode paging, UE-group based wake-up signal(option b) can be support.

How many POs the wake-up signal applies to from the UE perspective  

During last meeting, more than one PO the wake-up signal applies to has been discussed. In our understanding, the most possible application case for wake-up signal applies to more than one PO from the UE perspective would be that paging message for one UE may be repeated in multiple paging occasions to ensure that UE could receive the paging reliably.For example, as illustrated in Figure 1, one wake up signal send before PO 0 is applied to one waking up window, which includes four POs: PO0/PO1/PO2/PO3. Note that the time interval between every two POs is the paging cycle. 
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Figure 1 wake-up signal applies to multiple POs from the UE perspective

For wake-up signal applies to more than one PO, the overhead of the wake up signal may be reduced by transmitting  fewer number of wake up signals than that of paging messages. But on the other hand, the wake-up signal needs to be designed with high detection reliability because once the UE doesn’t detect the actually transmitted wake-up signal,  all the repeated paging messages would be missed. In addition, the paging delay would be increased because each time the paging message arrives, it can only be transmitted after the followed available wake-up signal transmission chance.  Note that the wake-up signal is transmitted with the waking-up cycle, which is N times of the paging cycle.
For the UE’s power consumption perspective, there is no benefit for the wake-up signal applying to more than one PO compared with the case of the wake-up signal applying to one PO.
Based on the above analysis, we prefer that one wake-up signal applies to one PO only from the UE perspective.
Proposal 2: One wake-up signal applies to one PO only from the UE perspective.
How many POs the wake-up signal applies to from the eNB perspective  

From the eNB perspective, the wake-up signal can also applied to more than one PO so that UEs distributed on more than POs within one paging cycle can be wakened up by the same wake-up signal. And it is beneficial for the resource allocation for wake-up signal because there may not be enough resource if one wake-up signal applying to one PO.Similar as the case of wake-up signal applying to more than one PO from the UE perspective, this would be reduce the system overhead of the wake-up signal. 
On the other hand, as discussed above, for idle mode paging, UE-group based wake-up signal is preferred to get better wake-up gain. For the wake-up signal applying to more than one PO, each of the paging UE group corresponding to one wake-up signal would be larger than the case the wake-up signal applying to one PO since UEs on different POs may be categorized into same UE-groups. However, the larger the paging group corresponding to one wake-up signal, the less wake-up gain would be. Therefore from the UE wake-up point of view, we prefer that the wake-up signal applies to one PO only from the eNB perspective.
Observation 1: wake-up signal applying to more than one PO from the eNB perspective may be harmful to the wake-up gain.

Proposal 3: One wake-up signal applying to one PO only from the eNB perspective is preferred.
   2.2 Transmission timing of wake-up signal
By detecting the power-saving signal, one NB-IoT UE can determine whether it needs to wake up to monitor NPDCCH during the DRX On duration. However, NB-IoT UE often needs to wake up a little earlier prior to the start time of DRX on duration to get AGC adjustment, time and frequency synchronization using siganls such as NBPSS/NBSSS/NRS etc.. For UEs working in enhanced coverage mode, time required for those operations would be even longer in order to accumulate enough reference signal samples. Therefore, sufficient time shall be reserved between the DRX power-saving signal and its correspoding DRX cycle while considering UEs with different coverage enhancement levels. On the other hand, if the power-saving signal itself is used as the reference signal for the UEs to get AGC adjustment, time and frequency synchronization as discussed below, the needed time would be much less. Therefore, the timing between the power-saving signal and the start time of the DRX cycle shall be defined considering the time for AGC, synchroniztion acquision and the specific functionality of the power-saving signal. 

Observation 2: Timing between the power-saving signal and the start time of the DRX cycle depends on at least whether wake-up signal support time and frequency synchronization functionality.

In addition, it is better that the timing of the wake-up signal to the start of the paging occasion is known to the UE thus to facilitate the UE to detect the wake-up signal. For example, the UE can determine the detecton time window for the wake-up signal based on the timing of the wake-up signal and the range of timing drift of the UE.  Furthermore, if the wake-up signal support time and frequency synchronization functionality, the UE can derive the accurate time location of the paging occasion based on the wake-up signal’s time position which is also beneficial for paging receiving.The timing can be fixed in the spec. or is configured by the eNB to the UE.
Proposal 4: Timing between the power-saving signal and the start time of the DRX cycle can be fixed in the spec. or is configured by the eNB to the UE.
3. Conclusions
In this contribution, we discussd the transmission of wake-up signal including how many UE and how many paging occasions the wake-up signals applies to, the transmission resource and the transmission timing of  the wake-up signals. Based on the discussons,we have following  observations and proposals: 
Observation 1: Timing between the power-saving signal and the start time of the DRX cycle depends on at least whether wake-up signal support time and frequency synchronization functionality.
Observation 2: Timing between the power-saving signal and the start time of the DRX cycle depends on at least whether wake-up signal support time and frequency synchronization functionality.

Proposal 1:For idle mode paging, UE-group based wake-up signal(option b) can be support.

Proposal 2: One wake-up signal applies to one PO only from the UE perspective.
Proposal 3: One wake-up signal applying to one PO only from the eNB perspective is preferred.
Proposal 4: Timing between the power-saving signal and the start time of the DRX cycle can be fixed in the spec. or is configured by the eNB to the UE.
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