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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 considerations for the design of the wake-up signal for further enhanced NB-IoT and make some proposals.
2 Design considerations
In our companion contribution [2], we discuss the functions of the new power-saving signal required for supporting an NB-IoT UE configured with eDRX in idle mode. It is observed that it would be desirable for the new power-saving signal to also assist with rapid timing (frame and SFN) acquisition and to enable the NB-IoT UE to determine whether it has moved out of coverage of the cell in which it went to sleep. The design objectives may be more easily achieved by separating the power-saving signal into multiple components such that they can separately perform some of the desired functions.
Such a composition of the power-saving signal allows for the eNB to selectively transmit only the part that is needed at any given time. Thus, for instance, within a paging time window (PTW) consisting of short DRX cycles where the clock drift is not expected to be significant, the synchronization preamble can be transmitted before only the first paging occasion (PO) and skipped before the subsequent POs, where only the wake-up signal could be transmitted. The UE is also expected to remain within the same cell during the PTW, so there is no need for supporting cell reselection during this period.
Proposal 1: The power-saving signal is comprised of multiple components performing different functions.

Although it may be useful for the wake-up signal to carry some information, a wake-up channel in the form of a compact DCI is not desirable because it yields limited power savings. A wake-up signal constructed as a sequence can be designed to meet the objective of indicating identity information. A sequence has the further advantage that it can provide timing refinements. Thus, the wake-up signal itself can serve as a synchronization signal when timing or frequency errors are expected to be small. In other instances, the synchronization preamble can also be transmitted.
Proposal 2: The wake-up signal component identifying which UEs are required to monitor a particular paging occasion is a sequence.

When the wake-up signal technique is supported in a cell, the wake-up signal and any associated synchronization preamble are expected to be transmitted at some known time before the PO for a UE. Therefore, the UE actually wakes up from sleep at an earlier time such that it can detect these signals, which may consist of repetitions of a basic sequence. In doing so, the UE would have to account for timing errors due to clock drifts. Despite its best estimate, the UE may wake up when the signal transmission has already begun. When this happens, the UE misses the beginning of the transmission and receives only a part of the transmission. Thus, when the UE relies on the power-saving signal for synchronization, despite not receiving all the repetitions that are transmitted, the UE must be able to accurately derive timing information such it can correctly monitor the NPDCCH at the PO.
Proposal 3: If the power-saving signal supports synchronization, it must enable accurate timing acquisition even when all repetitions are not received.
It would be possible to construct the synchronization preamble for the wake-up signal using the legacy NPSS/NSSS sequences, e.g., by concatenation or contiguous repetitions. It would be necessary to design the signal so that a UE detecting it does not confuse it for the legacy synchronization signal. Thus, the new signal must be clearly distinguishable from the legacy signals.
Proposal 4: The synchronization preamble must be distinguishable from legacy synchronization signals.
3 Overhead considerations
In the case of a wake-up signal or DTX, a signal is transmitted whenever a UE must be paged and nothing is transmitted (DTX) otherwise. Therefore, the overhead associated with the transmission of the wake-up signal or DTX is directly related to the paging arrival rate. The traffic model for Network Command in [4] can be used to analyze the overhead. In this analysis, UEs with the same inter-arrival time are grouped together, so there are four UE groups as shown in Table 1. The paging rate shown in the table is calculated based on the inter-arrival time and assuming that Network Command comprises 20% of all traffic and corresponding to 52547 UEs per cell.
Table 1. Traffic Model for Network Command

	Group
	Periodic inter-arrival time
	Percentage of devices in cell
	Paging rate per cell per second

	1
	1 day
	40
	0.04

	2
	2 hours
	40
	0.58

	3
	1 hour
	15
	0.44

	4
	30 minutes
	5
	0.29


Based on the above model, it can be shown that the average paging arrival rate for Network Command is 1.36 per cell per second. Therefore, a wake-up signal must be transmitted at this rate. Then the resource overhead due to transmission of the wake-up signal for different MCLs (i.e., assuming all UEs experience the same MCL), assuming the resources are reserved for the wake-up signal and using the assumptions for synchronization preamble and wake-up signal durations discussed in [2] and repeated in Table 5 in the Appendix, is shown in Table 2. The overhead is seen to be small even with the provision of a synchronization preamble, except for very large MCLs. 
Table 2. Absolute resource overhead due to wake-up signal at different MCLs
	Type of wake-up signal
	Absolute wake-up signal overhead [%]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	Without sync. preamble
	0.14
	0.28
	2.20

	With sync. preamble
	1.24
	2.20
	15.96


Table 3 shows the resource overhead due to transmission of the wake-up signal relative to the resources consumed for transmission of the NPDCCH at different MCLs, again using previously stated assumptions for signal durations. It is observed that the overhead is significant when a synchronization preamble is also transmitted, particularly at low MCLs, where the durations of the wake-up signal is already at the minimum.
Table 3. Resource overhead due to wake-up signal or DTX relative to NPDCCH
	Type of wake-up signal
	Relative wake-up signal overhead [%]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	Without sync. preamble
	25
	6.25
	6.25

	With sync. preamble
	225
	50
	45.31


Observation 1: The overhead due to the wake-up signal or DTX is relatively small, even with a synchronization preamble.
To analyze the overhead due to transmission of the wake-up signal with no DTX, we assume that for this analysis that the signal is transmitted before every PO. Therefore, we consider each UE group in Table 1 separately. Since this signal is transmitted once every DRX cycle before the PO, we consider different DRX cycle lengths and calculate the ratio of the overhead due to transmission of a wake-up signal with no DTX to the overhead due to transmission of the wake-up signal or DTX in each case. Table 4 shows the results. A value of 1 implies that the overhead is the same with both approaches because on average there is paging message during every DRX cycle. It can be observed that for the shorter DRX cycles, the overhead due to the wake-up signal with no DTX is substantially larger than that due to the wake-up signal or DTX, especially when the UE group is paged infrequently. For long DRX cycles, the overhead is the same or nearly the same for some UE groups that have a sufficiently high paging arrival rate, but the drawback is higher latency. Considering these numbers in conjunction with the overhead for the wake-up signal or DTX, it is clear that the overhead due to the wake-up signal with no DTX can be large in some use cases.
Table 4. Ratio of overhead due to WUS with no DTX to overhead due to WUS or DTX for different DRX cycles and paging rates
	Group
	Ratio of overhead due to WUS with no DTX to overhead due to WUS or DTX

	
	DRX cycle = 0.32 s
	DRX cycle = 0.64 s
	DRX cycle = 1.28 s
	DRX cycle = 2.56 s

	1
	64.2
	32.1
	16.0
	8.0

	2
	5.4
	2.7
	1.3
	1

	3
	7.1
	3.6
	1.8
	1

	4
	10.7
	5.4
	2.7
	1.3


Observation 2: The overhead due to the wake-up signal with no DTX can be very high for certain configurations and use cases.
4 Conclusions

In this contribution, we provide our views on the considerations for the design of the wake-up signal for further enhanced NB-IoT. The following observations and conclusions are made.
Observation 1: The overhead due to the wake-up signal or DTX is relatively small, even with a synchronization preamble.

Observation 2: The overhead due to the wake-up signal with no DTX can be very high for certain configurations and use cases.
Proposal 1: The power-saving signal is comprised of multiple components performing different functions.

Proposal 2: The wake-up signal component identifying which UEs are required to monitor a particular paging occasion is a sequence.

Proposal 3: If the power-saving signal supports synchronization, it must enable accurate timing acquisition even when all repetitions are not received.
Proposal 4: The synchronization preamble must be distinguishable from legacy synchronization signals.
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Appendix
Table 5. Time duration assumptions

	Assumption
	Time duration [ms]

	
	MCL 144 dB
	MCL 154 dB
	MCL 164 dB

	Synchronization time
	80
	140
	1000

	NPDCCH Rmax
	4
	32
	256

	WUS-only duration
	1
	2
	16

	Sync preamble for WUS
	8
	14
	100

	Ramp-up from DS
	150

	Ramp-down from DS
	50

	Ramp-up from LS
	10

	Ramp-down from LS
	5



