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1. Introduction

In the last RAN1#88bis meeting, during the discussion on power consumption reduction for paging and connected DRX UEs, the following agreements were achieved [1]:
	Agreement:

· 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


In Rel-13/14 of the NB-IoT, procedures such as eDRX and PSM have been specified in order to reduce the power consumption at the UE side. Nevertheless, NPDCCH blind decoding is still considered as the most significant power consumption procedure prior the data reception; therefore, a wake-up signal indicating the UE whether the eNB plans to transmit a NPDCCH to it, will be beneficial in terms of power consumption as long as the signal detection can be done with low complexity.

In this contribution we provide our view on the wake-up signal design considerations and evaluation results of the proposed design.
2. Discussion

When designing new signal/channel we first need to understand several points. First issue is the payload size. In the current discussion, the main purpose of the new signal is to indicate whether a future transmission of NPDCCH is going to occur, which means it carries 1 bit. More than 1 bit payload can also be considered, e.g. to indicate additional information to the UE such as DCI format/repetitions etc., however this could increase the detection complexity and might miss the target of reducing the power consumption of the UE. The second point is the detector complexity, designing a signal which requires a coherent detection, requires also a complex detector when comparing to non-coherent detector. In legacy LTE, channels like PCFICH or PHICH which carry 2 and 1 bits respectively can be considered as a good solution for the problem addressed in terms of demodulation performance. However, in terms of receiver complexity they require a frequency domain processing followed by channel estimation and equalizer, i.e. a coherent detection which, in our view, is overdesign. We think that, in spite of all the drawbacks, non-coherent detection should be the baseline of the new signal design. A simple solution like presence/absence detection of a sequence which indicates the presence /absence of NPDCCH for a UE or a group of UEs should be considered. Therefore we propose the following proposals:

Proposal 1: The new signal design should target non-coherent detection. 

Proposal 2: Sequence detection based design should be considered for the wake up signal.

When the UE wakes up from long sleep there is uncertainty about its synchronization status. Today, although it is up to UE implementation, it is assumed that the UE wakes-up and performs synchronisation procedure before doing anything else. This is, of course, depends on the sleep duration. Short sleep may not require this procedure. The sync signals are used for time sync and also to indicate the cell ID. In many NB-IoT use cases the UE is stationary and thus doesn’t need to reconfirm the cell ID on every wake-up. Therefore, we can assume that only the timing alignment may be needed on the wake-up. From the wake-up signal design point of view, it would be beneficial if the wake-up signal may provide enough level of synchronization required for NPDCCH decoding. 

Proposal 3: It would be beneficial if the wake-up signal may provide enough level of synchronization required for NPDCCH decoding.
Design options for wake-up signal

A straight forward solution for sequence based detection can be a K-length ZC sequence, mapped across the (single) PRB to indicate on wake up. The use of ZC sequence is well known in 3GPP, it is used in NB-IoT Rel-13/14 as well as legacy LTE. The properties of constant amplitude, and the fact that cross correlation of different sequences is relatively low, makes it a good candidate for the wake-up signal.

The selection of K, i.e. the length of the sequence, defines the number of available sequences. The main purpose is to have the flexibility to signal the indication to several groups of UEs, or even several individual UEs, w/o dynamically configure them with different root indices, i.e. semi static configuration of the sequence index to each UE is desirable. Therefore, on one hand RAN1 should aim to define large number of sequences for flexibility. However, on the other hand, as K becomes bigger, the sequence becomes longer and occupies much more resources which increase the overhead.  
Since the discussion on the number of indicated group of UEs or the size of the group (if any) has not started yet, it is still too early to define the number of sequences and how to allocate them to the UEs. Nevertheless, in our view, it would be appropriate to have several values of K for different coverage levels, i.e. a UE in extreme coverage may need a longer sequence or at least a repetition of a short sequence, but UE in normal coverage may suffices a single transmission of short sequence. 

Proposal 4: Further discussion on how to split the UEs into groups and how to allocate them a wake-up signal ID is required.
One example of mapping the sequence on the T/F map is shown in the figure below. We first define a resource for the wake-up signal, which consists of K REs belonging to consecutive OFDM symbols. In this example we map a 23-length ZC sequence on 23 REs which occupy almost two consecutive OFDM symbols mapped to the last symbols in a SF. 
[image: image1.emf]
A non-coherent detection of the sequence above can provide a good detection performance for the normal and enhanced coverage levels, however for the extreme coverage level (MCL=164dB), this would be marginal. Therefore, in order to cope with this issue a different sequence, i.e. a longer one or a repetition of the same sequence, can be considered. 

In the left figure below we provide an example of mapping a 59-length ZC sequence on 59 REs which occupy almost five consecutive OFDM symbols mapped on the last symbols in a SF while on the right figure we provide a mapping of 23-length ZC repeated 3 times.

[image: image2.emf]
[image: image3.emf]
Evaluation results
We perform a link level simulation to evaluate the miss detection of the sequences as described in the above section. The simulation assumptions as confirmed in [2] are summarized below. We perform a non-coherent detection of a sequence while targeting false alarm rate of 1%. The results are shown in the figure below. From the results we can see that different sequences can achieve different coverage levels. i.e. enhanced coverage UEs may be signalled using a 23-length ZC while UEs in extreme coverage level may be signalled using a longer sequence (e.g. 59-length ZC) or a repetition version of a shorter sequence (e.g. 3x23-length ZC). 
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	Parameter
	Value

	Deployment 
	in-band

	BS TX antenna configuration
	2 Tx

	BS power
	35 dBm

	System BW
	180 kHz

	Band
	900 MHz

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Time/frequency drift, in idle mode
when not relying on DL synchronization
	0.05 ppm/s

	Maximum frequency error, in idle mode 
when not relying on DL synchronization
	±20 ppm

	Frequency error, 
when relying on DL synchronization
	±50 Hz 

	UE RX antenna configuration
	1 Rx

	UE NF
	5dB

	Coupling loss
	144, 154, 164 dB


3. Conclusion

In this contribution we provide our view on the wake-up signal design considerations, and propose a sequence based signal design for that purpose, which requires a non-coherent detection at the UE side. 
Proposal 1: The new signal design should target non-coherent detection. 

Proposal 2: Sequence detection based design should be considered for the wake up signal.

Proposal 3: It would be beneficial if the wake-up signal may provide enough level of synchronization required for NPDCCH decoding.
Proposal 4: Further discussion on how to split the UEs into groups and how to allocate them a wake-up signal ID is required.
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