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Discussion and Decision
1 Introduction

In RAN1 #90, the following working assumption and agreement were made with respect to the study of techniques for power consumption reduction in idle mode paging [1]:

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.

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)
In this contribution, we provide our views on the configurations and procedures for the wake-up signal for further enhanced NB-IoT and make some proposals.
2 Wake-up procedure
In RAN1 #90, a working assumption was made to select from two candidate designs for the wake-up signal as noted above. In our companion contribution [2], we discuss the functional aspects of the wake-up signal. The discussion shows that the wake-up signal should also include a synchronization signal for realizing meaningful benefits.
It is relevant to first consider the behavior of a normal UE when configured with eDRX. The sleep duration can be very large in eDRX (maximum of about 3 hours), so there are at least the following two concerns:

1. The drift of the UE oscillators over the sleep period may cause the timing and frequency errors to be too large to correct without resynchronization.

2. If the UE is not stationary, it may wake up in a cell that is different from the one in which it went to sleep. In such a case, it cannot perform any idle mode operations without first performing cell reselection.
Due to the above issues, the UE would be required to perform at least cell reselection, which provides cell ID information and frame synchronization. In order to monitor paging in the new cell, the UE must have the correct paging configuration and SFN timing in order to have the correct timing alignment with the paging message transmitted in the new cell. Furthermore, it also needs the cell ID to decode the NPDCCH scheduling the paging message. Even if the paging/DRX configuration is obtained by the new eNB from the MME, the different eNBs may not be synchronized with respect to the subframe and SFN timings. Therefore, the UE would then need to acquire the MIB to determine the SFN. The UE then may also need to acquire system information in the new cell.

An NB-IoT UE using the wake-up signal mechanism would need to follow a similar procedure. From the perspective of reducing power consumption, however, it is desirable to use a synchronization preamble accompanying the wake-up signal to detect whether the UE is still in the same cell or it has moved to a new cell. Depending on the design of the synchronization preamble and wake-up signal, the UE may be able to determine whether it is still in the same cell where it last went to sleep. If the UE is in the same cell, it can continue to monitor the paging occasion (PO) as before. If the UE determines that it is not within the coverage of the same cell, depending on what information is available from the wake-up signal, it can fall back on legacy procedures for cell reselection and acquisition of broadcast information from the MIB-NB and SIBs as needed.
Proposal 1: The UE receiver acquires synchronization before detection of the wake-up signal when it wakes up after a long sleep cycle.

Proposal 2: The wake-up signal detection procedure allows the UE to determine whether it is still within coverage of the cell where it went to sleep.

Proposal 3: The wake-up signal detection procedure includes a mechanism to fall back on legacy idle mode procedures if necessary.
3 Wake-up signal configuration

As noted in [2], use of a wake-up signal with no DTX provides a signal that is transmitted at predetermined times and can be used for synchronization as well as for detection of mobility. Missed detection of the signal for an extended period of time can be used to trigger legacy procedures for cell reselection and subsequent system acquisition. An important consideration for this type of signal, however, is the higher overhead associated with it. This aspect is discussed in our companion contribution [3].

The wake-up signal indicates to the UE whether it is required to monitor the PO with which the signal is associated. Normally, the UE wakes up from sleep some time before the PO and looks for the wake-up signal. Depending on the design, the wake-up signal can either trigger all UEs corresponding to the PO to monitor the PO or a group of UEs. In the former case, when there is a page for any UE at a PO, all the UEs sharing the PO are also woken up. The latter case allows the UEs to be divided into smaller groups such that fewer UEs are woken up unnecessarily. The former approach may require the wake-up signal to distinguish between closely located POs (since UEs may wake up early enough to detect wake-up signals associated with different POs). Furthermore, the wake-up signals associated with different POs may overlap in time because of repetition. In the latter approach, the wake-up signal must further identify the group of UEs within that PO being paged. In both of these approaches, there is a one-to-one mapping between the PO and the wake-up signal. Therefore, a fixed timing offset can be used between the two—i.e., the wake-up signal is transmitted at a predetermined time before the PO. Thus, detection of the wake-up signal is followed by monitoring the PO after this fixed time. If there is a large number of UEs associated with each PO, then in any PO there may a high probability of at least one UE being paged. In this case, if the wake-up signal triggers all these UEs to monitor the PO, then the power savings achieved with the wake-up signal may not be significant. In such instances, it would be beneficial to divide the UEs associated with the PO into smaller groups that are separately triggered to monitor the PO after detection of the sake-up signal.
Observation 1: When the wake-up signal is associated with a paging occasion, it must distinguish between different paging occasions.
Proposal 4: Further study the complexity of supporting a wake-up signal for a group of UEs associated with each paging occasion in a cell.
In the case of a wake-up signal with no DTX, when a wake-up signal is associated with a PO, a signal is transmitted before any PO configured to a UE, irrespective of whether any UE is paged. Therefore, the transmission of the signal depends on which POs UEs are configured with and it may not be periodic (i.e., when POs associated with all the UEs do not form a periodic pattern).
Observation 2: Wake-up signal transmissions may not be periodic when the signal is associated with a paging occasion.
Another consideration is whether a wake-up signal transmission can be associated with more than one PO either from the perspective of the eNB or the perspective of the UE. It is not meaningful to associating multiple POs from the UEs perspective to the transmission of the wake-up signal. A UE is expected to be repeatedly paged only when it cannot be reached. Therefore, if the wake-up signal is missed, then all the associated POs will not be monitored leading to increased latency.

Proposal 5: From the UE perspective, a wake-up signal transmission is associated with a single paging occasion.

The motivation of associating a wake-up signal transmission with multiple POs from the eNB’s perspective is to reduce the overhead. In this approach transmission of the wake-up signal is intended to trigger UEs associated with multiple following POs to monitor paging. Different UEs may be associated with each PO. Therefore, the timing relationship between the wake-up signal and the PO is not a single predetermined value. The timing offset depends on the PO configured for the UE. This approach has a bigger specification impact. Furthermore, the wake-up signal triggers more UEs to monitor paging leading to less savings in power consumption.
Proposal 6: From the eNB perspective, a wake-up signal transmission is associated with a single paging occasion.

When the wake-up signal is transmitted at predetermined times or at regular intervals, resources can be reserved for its transmission. For example, in the wake-up signal or no DTX design option where a signal transmission is associated with each PO, some signal is transmitted at a predefined time before each PO. In this case, the reserved resources are not available for any other transmissions. Any transmission colliding with the wake-up signal can be postponed or other priority rules can be defined. With the wake-up signal or DTX option, it would be possible to postpone the transmission of the wake-up signal in the event of collision with another transmission. Resources reserved at regular intervals would support periodic transmission of a signal. Further study would be necessary for association of such a signal with POs.
Proposal 7: Further discussion is needed to determine how resources are configured for transmission of the wake-up signal.

It may be beneficial for each cell to enable the use of this technique depending on the assessed benefit of supporting this technique in the cell when also considering the additional resource overhead incurred. On the other hand, it may also be advantageous to allow each UE to be individually configured by the network to use this technique depending on the cost-to-benefit assessment. It is observed from the analysis in [2] that the extent of power consumption reduction realized depends on the use-case. Thus, a UE in large coverage enhancement and/or a UE that wakes up frequently can achieve larger savings. It would, therefore, be beneficial for the network to be able to control whether each UE uses this technique. It may also be desirable for the network to completely disable this technique in an entire cell.

Proposal 8: The network can enable or disable use of the wake-up signal approach for the whole cell and for each UE in a cell through higher-layer signaling.

4 Conclusions

In this contribution, we provide our views on the configurations and procedures for the wake-up signal for further enhanced NB-IoT. The following observations and proposals are made.
Observation 1: When the wake-up signal is associated with a paging occasion, it must distinguish between different paging occasions.
Observation 2: Wake-up signal transmissions may not be periodic when the signal is associated with a paging occasion.
Proposal 1: The UE receiver acquires synchronization before detection of the wake-up signal when it wakes up after a long sleep cycle.

Proposal 2: The wake-up signal detection procedure allows the UE to determine whether it is still within coverage of the cell where it went to sleep.

Proposal 3: The wake-up signal detection procedure includes a mechanism to fall back on legacy idle mode procedures if necessary.

Proposal 4: Further study the complexity of supporting a wake-up signal for a group of UEs associated with each paging occasion in a cell.
Proposal 5: From the UE perspective, a wake-up signal transmission is associated with a single paging occasion.

Proposal 6: From the eNB perspective, a wake-up signal transmission is associated with a single paging occasion.

Proposal 7: Further discussion is needed to determine how resources are configured for transmission of the wake-up signal.

Proposal 8: The network can enable or disable use of the wake-up signal approach for the whole cell and for each UE in a cell through higher-layer signaling.
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