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1 Introduction

In RAN1#90, the following agreements and working assumptions were made with respect to the power consumption reduction for paging and connected-mode DRX [1]. 
Agreements:
· For idle mode,

· The power saving signal in a cell supports being applied to FFS between:

· All the UEs associated to a PO in the cell

· A group of more than one of the UEs associated to a PO in the cell

· 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)

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

· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.

And the evaluation assumptions and scenarios for the power saving signal of paging are also agreed in thread [90-20] [2].
In this paper, we provide some further considerations on the basic functions of power saving signal.
2 Power saving signal for paging
2.1 WUS or DTX, WUS with no DTX

According to the working assumptions in RAN1#90, there are two candidates for the power saving signal for paging.
· Wake-up signal or DTX

· Wake-up signal with no DTX

As analyzed in [3], in the candidate ‘WUS with no DTX’, the power saving signal is always transmitted since it has no DTX status, which leads to a high overhead. On the other hand, in the candidate ‘WUS or DTX’, the power saving signal is seldom transmitted considering the low paging probability in NB-IoT, which is expected to save much resource compared to the candidate ‘WUS with no DTX’. 
Furthermore, the option of ‘WUS with no DTX’ means that there is either a wake-up signal or a go-to-sleep signal before a certain PO for every  DRX cycle, which leads to large additional resource overhead for power saving signal transmission and also may introduce fragmentation of downlink resource, which may impact the scheduler flexibility. Hence, it leads to significant impact on legacy downlink traffic. 
Another impact shows in Figure 1 that the option ‘WUS with no DTX’ brings a limitation that the NPDCCH should be all transmitted within the gap between two adjacent power saving signals. If the NPDCCH needs a large repetition number due to the coverage requirement, the NPDCCH’s coverage may not be able to be guaranteed because the time gap is not long enough.
[image: image1.emf] 

DRX cycle

PO

Wake-up signal with no DTX

NPDCCH for paging

Go-to-sleep signal

…

…

PO

PO

PO

PO

PO

PO

PO

Wake-up signal


Figure 1: Illustration of the option ‘WUS with no DTX’
Therefore it is preferable for WUS to support a DTX possibility for paging.

Proposal 1: Use ‘wake-up signal or DTX’ as the power saving signal for paging.
2.2 Synchronization function

UE needs to obtain downlink synchronization before the reception of NPDCCH/NPDSCH for paging. The new power saving signal can be designed to enable UEs obtain downlink synchronization after detecting/reception of the power-saving signal for paging.  Basically, two options can be considered:
Option 1: The power saving signal can be used by UE to obtain downlink synchronization.

Option 2: The power saving signal cannot be used by UE to obtain downlink synchronization, and UE relies on legacy mechanism e.g. NPSS/NSSS for downlink synchronization.
According to the evaluations of power consumption [3], it can be found that the option 1 can save more power of UE than option 2, and the overhead of the power saving signal in option 1 is also acceptable. So we prefer to support the downlink synchronization by the power saving signal.
Proposal 2: The power saving signal can be used by UE to obtain downlink synchronization before reception of paging.
When UE uses the WUS to perform synchronization under a large timing error, it needs to use a long duration signal to guarantee an accurate synchronization result. So when we specify the possible duration or repetition factors of the power saving signal, the maximum allowed timing error for the detection of power saving signal should be considered.
2.3 Inter-cell interference and inter-PO false alarm
In a synchronized network, multiple cells may have the same resource configuration for the power saving signal, so if cell A does not send power saving signal (i.e. DTX) and cell B sends on the same resource, then UE in cell A may experience false alarm.
If both cell A and cell B send the power saving signal on the same resource, then there is inter-cell interference while UE in cell A or cell B detects its own power saving signal, which will impact the detection performance and synchronization accuracy. To avoid this, in the same way as other DL transmissions, the power saving signal should include cell-specific scrambling.
Moreover, in a cell, since the power saving signal can be used by UE to perform downlink synchronization within a target maximum timing/frequency error, it is possible that the power saving signals for other UE(s) are also located in the timing search window of the UE. If the power saving signal in a cell has a common expression, then the UE may experience false alarm by false detecting the power saving signal for other UEs when searching for its own power saving signal. For example, during a DRX cycle, the distance of two adjacent power saving signals is assumed as 80ms, as Figure 1 shows, and the maximum timing error of the UE is e.g. 60ms, then the search window of the UE should be 120ms (considering the two drift direction, 60ms*2=120ms). Supposing the UE belongs to PO1 in Figure 1, the power saving signal corresponding to PO1 is DTX and there is the power saving signal (marked as WUS in the figure) corresponding to PO2. Then the UE may be falsely woken up by detecting the WUS of PO2 to PO1. This may lead to error in time/frequency synchronization and wastage of power.
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Figure 2: Example of the impact from power saving signal for other POs in the cell
Thus, the power saving signal should also include time-varying scrambling, e.g. different scrambling codes on different occasions when sending power saving signal. A possible scrambling method can be found in our companion paper [4].
Proposal 3: Include scrambling, which is cell-specific and time-varying, in the power saving signal.
2.4 RRM measurement
According to the discussion above, the power saving signal among different cells can be different, so in theory the power saving signal can be used by UE to do RRM measurements, when the power saving signal is transmitted. This might further reduces the power consumption since UE does not need to use the NRS or NSSS to do the downlink measurement. However, the power saving signal is not always transmitted (i.e. it can be DTX), so UE still needs to do the downlink measurement with the NRS or NSSS at such times. Considering the low paging probability in NB-IoT (i.e. high probability of DTX), the benefit of using WUS to do measurement for UE is not obvious.
Proposal 4: It is not necessary to design WUS to be used by UE for RRM measurement in Rel-15.
For a UE configured with a short (e)DRX cycle, it still needs to do the measurement for every (e)DRX cycle according to the current RRM specification. This is not necessary for the UE who has low mobility and short DRX cycle, considering the UE does not re-select cells frequently. On the other hand, a frequent measurement increases the UE power consumption. Firstly, doing the downlink measurement itself consumes some power since UE needs to detect the NRS or NSSS for certain duration and do relevant computations. Secondly, UE should be synchronized to the network before doing the downlink measurement, and the process of getting synchronized to the network also consumes much power for UE. 
Some optimization can be considered to further reduce the power consumption for UE by reducing unnecessary downlink measurement, such as those underway in RAN2 as part of this WI.
2.5 SI change notification
According to the current paging mechanism, the system information change notification is carried by either Direct Indication or paging message. Then for the power saving signal, basically there are two options to indicate the SI change notification. Either the power saving signal indicates whether there is an NPDCCH at the following PO, no matter the NPDCCH is Direct Indication or a normal DCI format N2. Or, the power saving signal has two separate states to indicate the Direct Indication and a normal DCI format N2 respectively. This latter option might further reduce the UE power consumption since UE can directly re-acquire the updated system information after reading the state corresponding to Direct Indication, and skip the NPDCCH detection. However, the benefit may be quite small given the low frequency of SI change in NB-IoT. Moreover, it decreases the detection efficiency for UE  since it introduces a third state, which leads UE consume more time to successfully detect the power saving signal, or higher error rates. 
Overall, it is better to use the power saving signal to indicate whether there is an NPDCCH of any kind at the PO, and not to distinguish if the NPDCCH is for Direct Indication or paging.

Proposal 5: Power saving signal does not distinguish between Direct Indication and paging DCIs.
3 Power saving signal for connected mode
UE in RRC_CONNECTED mode should keep monitoring the USS according to the DRX configuration of MAC layer. However, it is possible that there is not any actual scheduling during the on-duration length within a DRX cycle, but the UE also needs to monitor NPDCCH for the whole on-duration length which can be configured as 1~32 search space periods. This is a waste of power for UE since the UE does not need to expend this effort in practice. 

The power saving signal for paging has been discussed in detail, and there is no substantial difference between paging and non-paging case, except that the power saving signal for connected mode does not need to be designed to support downlink synchronization. Hence we make a proposal for the power saving signal in connected mode which mainly follows the proposals of power saving signal for paging.

Proposal 6: WUS in connected mode applies to a USS or a DRX on-duration, and uses the same design as far as necessary as in idle mode, with the following differences: 
· The configurations of WUS for connected mode are UE-specific.
· The WUS is the NSSS sequence. 

4 Conclusions
In this paper, some considerations on the power saving signal are provided, including the target scope of the power saving signal and the signal design. 
The following proposals are made.
Proposal 1: Use ‘wake-up signal or DTX’ as the power saving signal for paging.

Proposal 2: The power saving signal can be used by UE to obtain downlink synchronization before reception of paging.
Proposal 3: Include scrambling, which is cell-specific and time-varying, in the power saving signal.
Proposal 4: It is not necessary to design WUS to be used by UE for RRM measurement in Rel-15.
Proposal 5: Power saving signal does not distinguish between Direct Indication and paging DCIs.
Proposal 6: WUS in connected mode applies to a USS or a DRX on-duration, and uses the same design as far as necessary as in idle mode, with the following differences: 
· The configurations of WUS for connected mode are UE-specific.

· The WUS is the NSSS sequence. 
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