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1 Introduction
In RAN#75, a new work item on “Further NB-IoT enhancement” was agreed [1].

One objective of this WID is power consumption reduction for physical channels as follows:

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

RAN1 has started discussions and work on the design of the power saving signal/channel from RAN1#88bis and made the following agreements:
Agreements of RAN1#88bis [2]:
· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
· The use of the technique can be semi-statically enabled/disabled by the network

Agreements of RAN1#89 [3]:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:

· Wake-up signal or DTX

· Go-to-sleep signal or DTX

· Wake-up signal with no DTX

· Downlink control information

· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length

· Design details are FFS

· Connected mode DRX is FFS

· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
· The current paging mechanism is used as the baseline for evaluation.
In this contribution, we discuss the different power saving signal/channel solutions proposed in RAN1 discussion and analyse the possible RAN2 impacts.

2 Discussion
2.1 Use cases and benefits
2.1.1 Power saving signal/channel for paging in IDLE mode
In NB-IoT, several UEs share the same paging occasion on one carrier according to the paging occasion calculation in 36.304 [4]. These UEs monitor NPDCCH at the corresponding paging occasion to check whether there is a DCI scrambled with P-RNTI. In most cases, based on the traffic model, the probability for a NB-IoT UE to be paged is very low. No matter whether the UE is paged or not, the UE needs to monitor NPDCCH each DRX cycle. The NPDCCH monitoring in paging occasions in which the UE is not paged causes unnecessary power consumption. Thus, introducing a power saving signal/channel to indicate whether there will be paging in the next paging occasion(s) will reduce the power consumption related to NPDCCH monitoring, especially beneficial to the UEs with short DRX cycle but not paged frequently.
Observation 1: From RAN2 perspective, the power saving signal/channel for paging is beneficial for reducing the power consumption of NPDCCH monitoring, especially beneficial to UEs with short DRX cycle but not paged frequently.
2.1.2 Power saving signal/channel for connected mode DRX
Connected mode DRX is configured by RRC signalling and controlled by a DRX cycle, offset and some DRX timers. When connected mode DRX is configured, onDurationTimer starts at the boundary of each DRX cycle. The UE monitors NPDCCH while onDurationTimer is running to check for any transmission scheduling from the eNB. Similarly to paging, there may not be scheduling every DRX cycle. Therefore, designing a power saving signal/channel to indicate whether the UE will be scheduled in the next DRX cycle(s) can reduce the power consumption of NPDCCH monitoring. However, the power saving signal/channel for connected mode needs to be UE specific as the connected mode DRX is UE specific. Compared with the power saving signal/channel for IDLE mode paging, which is shared by the subset of UEs sharing the same paging occasion, for connected mode DRX it requires more network resources.

Observation 2: From RAN2 perspective, a power saving signal/channel for connected mode DRX is beneficial for reducing power consumption of NPDCCH monitoring. But the cost in terms of required network resources needs to be considered.
2.2 Solutions
According to RAN1 agreements, the power saving signal/channel for connected mode DRX is still FFS. The following solutions for paging are considered as candidate solutions in RAN1.
2.2.1 Solution 1: wake-up signal or DTX
As proposed in [4], the presence or absence of the wake-up signal can be used to indicate whether or not there will be NPDCCH for paging in the next paging occasion(s). If the wake-up signal is present, the UEs monitoring this signal need to monitor NPDCCH addressed to P-RNTI in the following paging occasion(s). On the contrary, if the UEs do not detect this wake-up signal, the NPDCCH monitoring of the following paging occasion(s) can be skipped. Solution 1 is beneficial for saving network resource because the eNB does not need to transmit the wake-up signal if there is no UE to be paged.
2.2.2 Solution 2: go-to-sleep signal or DTX

Go-to-sleep signal or DTX is proposed in [5], in which the presence of the signal indicates that there is no NPDCCH for paging message of the subset of the UEs. Upon reception of the go-to-sleep signal, the UEs can skip the NPDCCH monitoring in the following paging occasion(s).
2.2.3 Solution 3: wake-up signal with no DTX

In contrast to Solutions 1 and 2, in Solution 3, regardless of whether the UEs will be paged in the following paging occasion(s), the wake-up signal is always transmitted by the eNB. Different signals can be used to indicate whether or not there will be NPDCCH for paging. Compared with Solution 1 and 2, Solution 3 costs more network resources because the wake-up signal is always transmitted by the eNB. However, Solution 3 is more robust as the UE can detect an error if no wake-up signal is received. In this case, the UE shall monitor NPDCCH as legacy.
Observation 3: Wake-up/go-to-sleep signal or DTX is more resource efficient than wake-up signal with no DTX, while wake-up signal with no DTX is more robust.
2.2.4 Solution 4: compact DCI for paging
In RAN1 discussion, a new compact DCI was proposed [6] to reduce the overhead and the power consumption of NPDCCH for paging message. The general principle of this solution is the simplification of the existing DCI format N2 used for paging (e.g. pre-configure TBS, reduce repetition field and reduce CRC, etc.). From the network perspective, using a smaller DCI can reduce the NPDCCH overhead. From the UE perspective, a compact DCI can reduce the power consumption for NPDCCH monitoring also. For this solution, backward compatibility needs to be considered as a new DCI format is used for NPDCCH for paging. If the existing R-13 DCI format N2 is replaced by the new compact DCI, R-13/14 UEs cannot decode this new DCI. For the sake of backward compatibility, MME can provide the UE capability in the paging request message from the MME to the eNB to indicate whether the UE supports the compact DCI. The eNB can use the right DCI for the UEs according to the UE capability. In this case, if there are UEs with different capability to be paged in one paging occasion, the cost of NPDCCH will increase as two NPDCCHs are needed to transmit two DCI formats.
Observation 4: If a new DCI is introduced for paging, backward compatibility needs to be considered.

2.3 Potential RAN2 impacts
According to the RAN1 agreement, the use of the wake-up signal can be semi-statically enabled/disabled by the network. Thus, the signalling used to enable/disable the wake-up signal needs to be discussed. 
Since paging is only for IDLE mode UEs, system information can be used to configure the wake-up signal. If the eNB indicates in the system information the use of the wake-up signal in the cell, the UEs that support the wake-up signal can read the wake-up signal before deciding whether to monitor NPDCCH.
Proposal 1: System information is used to enable/disable the use of wake-up signal for paging.
If the wake-up signal for connected mode DRX is supported, RRC dedicated signalling is the only way to enable/disable the wake-up signal for connected mode DRX.

Proposal 2: If the wake-up signal for connected mode DRX is supported, RRC dedicated signalling is used to enable/disable the use of wake-up signal.
How to determine the position of the wake-up signal needs to be considered also. For paging, to avoid frequent switches between different carriers, the wake-up signal and the paging message for one NB-IoT UE shall be sent on the same carrier. 
Proposal 3: The wake-up signal and the paging are sent on the same carrier.
For both paging and connected mode DRX, the position of the wake-up signal in the time domain needs to be discussed in RAN2. 
Proposal 4: How to determine the position of the wake-up signal in the time domain needs to be discussed. 
3 Conclusion

This paper focus on the power saving signal/channel solutions in NB-IoT. The corresponding observations and proposals are listed below. 
Observation 1: From RAN2 perspective, the power saving signal/channel for paging is beneficial for reducing the power consumption of NPDCCH monitoring, especially beneficial to UEs with short DRX cycle but not paged frequently.
Observation 2: From RAN2 perspective, a power saving signal/channel for connected mode DRX is beneficial for reducing power consumption of NPDCCH monitoring. But the cost in terms of required network resources needs to be considered.
Observation 3: Wake-up/go-to-sleep signal or DTX is more resource efficient than wake-up signal with no DTX, while wake-up signal with no DTX is more robust.
Observation 4: If a new DCI is introduced for paging, backward compatibility needs to be considered.

Proposal 1: System information is used to enable/disable the use of wake-up signal for paging.
Proposal 2: If the wake-up signal for connected mode DRX is supported, RRC dedicated signalling is used to enable/disable the use of wake-up signal.
Proposal 3: The wake-up signal and the paging are sent on the same carrier.
Proposal 4: How to determine the position of the wake-up signal in the time domain needs to be discussed.
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