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1. Introduction
In RAN2#104, the following was agreed:

· NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN carriers to assist inter-RAT selection.

· eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT carriers to assist inter-RAT selection.

· Indicate whether each LTE neighbour frequency supports eMTC/LTE/both 

· Indicate whether each GERAN neighbour frequency supports EC-GSM/PEO 

The case of NB-IoT / LTE(-eMTC) is particular since contrary to other inter-RAT cases, NB-IoT may be deployed with an underlying LTE carrier, using in-band/guard-band deployment modes. 
In the contribution, we consider further how this can be beneficial to the UE, as well as to the design of inter-RAT information.

2. Discussion
It is our understanding that a common use case of NB-IoT / LTE(-eMTC) mixed deployment would use in-band or guard-band deployment modes. Naturally, it is also possible that NB-IoT uses standalone deployment mode (e.g. if using 2G refarmed spectrum). But given LTE(-eMTC) is deployed, a natural way to deploy NB-IoT is to use in-band/guard-band deployment modes. It is envisioned that an operator supporting both eMTC and NB-IoT would likely use in-band and/or guard-band deployment, to leverage the spectrum.
Observation 1: A common case of NB-IoT / LTE(-eMTC) mixed deployment will be based on NB-IoT in-band or guard-band deployment modes
In the following, we describe how this could be leveraged to enhance system performance. 
2.1. Enhanced UE (re)synchronization
In 3GPP Release 15, two new signals have been introduced for low power efficiency:

· RSS (resynchronization signal) has been designed to optimize the power consumption after long sleep periods (PSM/eDRX). It helps the device to resynchronize very quickly to its serving cell and prevents energy wasting at wake up (cell re-entry scenario)
· WUS (wake up signal) has been designed to optimize the power consumption during DRX cycles. It cannot be used for resynchronization after long sleep periods as it is transmitted only if a device is paged.

While WUS has been introduced for both Cat-M and NB-IoT, RSS has only been introduced for Cat-M as introducing an RSS in NB-IoT would have consumed too much cell bandwidth.

A problem is that in many use cases, the overall power consumption of an NB-IoT device may be significantly higher than the one of a cat-M device due to the absence of the RSS signal. 
In the Annex, we have compared the power consumption of an NB-IoT device with/without RSS signal.
Observation 2: In many use cases, NB-IoT power consumption is severely impaired by the absence of RSS signal
Given the Rel-15 discussions, and the overhead issue, it is not foreseen that RAN1 would introduce such signal for NB-IoT.
In Rel-16, RAN2 is considering inter-RAT selection enhancements, hence multi-mode devices, in particular multi-mode Cat-M/NB-IoT devices. Such devices are expected to be more and more common as support of NB-IoT is a natural extension for a Cat-M device.

From inter-RAT assistance information, a NB-IoT device supporting Cat-M may know the presence of Cat-M coverage. It could acquire Cat-M RSS information by decoding Cat-M SIBs. The main scenario under consideration is low mobility / stationary device (having to perform cell re-entry), hence acquisition of this information may be done only once, resulting in only a limited power consumption overhead. However, the NB-IoT device may then use the RSS signal for resynchronization purpose, dramatically improving UE power consumption while in NB-IoT mode.

Observation 3: A dual-mode NB-IoT device may easily benefit from Cat-M RSS 
From Rel-13, NB-IoT devices may use LTE CRS (case Inband-samePCI) in order to improve demodulation performance. Similarly, it is expected that Cat-M RSS may be used for time/frequency resynchronization purpose only in particular deployment cases. Typically, it is our understanding that Cat-M RSS might be usable for instance in case of Inband-samePCI deployment (though it would likely be preferable to specify that the UE can make such assumption). 
However, Inband-samePCI may not be the only case. Generally, as long as a Cat-M cell is synchronized in time and frequency with the serving NB-IoT cell, the RSS Cat-M signal might be used for resynchronization by an NB-IoT device. We believe this would be generally the case for Inband and Guardband scenarios.
In order to allow a NB-IoT device to use RSS from Cat-M, the following information would be required:
· Information that the UE may use Cat-M cell signals (RSS and/or possibly others) for time/frequency resynchronization (i.e. the UE can assume that the Cat-M cell is co-located – time/frequency synched with the NB-IoT cell). In case of Inband-samePCI, this could be specified as an assumption the UE can make.
· PCI of the corresponding Cat-M cell (may be omitted in case of samePCI deployment). The presence of the PCI could implicitly indicates the previous information, i.e. that the UE may use Cat-M signal such as RSS.
Proposal 1: Add PCI to LTE inter-RAT carrier information, to indicate the corresponding Cat-M cell is synchronized with the NB-IoT cell and may be used for resync
Generally, we think RSS signal would be useful even for NB-IoT devices not supporting Cat-M. Such devices may have RF bandwidth of at least 2RBs and could benefit from RSS. Though, the full RSS configuration would need to be sent.
Proposal 2: Consider indicating the RSS configuration for NB-IoT only devices

2.2. Enhanced frequency signalling 
It was agreed that NB-IoT NW may indicate frequency carriers of  LTE-eMTC NW and vice-versa.
Both eMTC and NB-IoT aims high MCL (deep coverage) support, hence it is beneficial to reduce the broadcast signalling overhead by avoiding transmitting useless information.

A device camped on a NB-IoT carrier has information on the NB-IoT serving anchor carrier, possibly information on NB-IoT non-anchor carriers and on other NB-IoT interfrequency serving carriers (e.g. via SIB5-NB). The underlying LTE frequency of such NB-IoT carriers (if any) can be signalled very efficiently. For instance, in case the one of the serving NB-IoT carriers (anchor or non-anchor) is Inband-SamePCI, the UE actually already knows that there is an underlying LTE carrier, and what is the EARFCN. Indicating the EARFCN of such LTE carrier seems completely useless (and signalling one EARFCN costs 18bits).
Observation 4: In IB/GB deployments, LTE carriers can be efficiently signaled (down to 0 instead of 18 bits)
Similarly, a device camped on an LTE carrier has information on the serving LTE carrier, as well as possible other LTE carriers (inter-frequency neighbours). Signalling an inband or guardband NB-IoT frequency (CarrierFreq-NB-r13) costs 23bits, as the channel raster offset will always be needed in those deployment modes. Conversely, signalling e.g. an inband  NB-IoT carrier of a known LTE carrier would cost only 5bits, as possible PRBs are scarce.
Observation 5: In IB/GB deployments, NB-IoT carriers can be efficiently signaled (down to 5 instead of 23 bits)
Proposal 3: Leverage NB-IoT in-band or guard-band deployment modes to reduce signaling overhead
3. Conclusion 

In this contribution, we make the following observations and proposals:

Observation 1: A common case of NB-IoT / LTE(-eMTC) mixed deployment will be based on NB-IoT in-band or guard-band deployment modes
Observation 2: In many use cases, NB-IoT power consumption is severely impaired by the absence of RSS signal
Observation 3: A dual-mode NB-IoT device may easily benefit from Cat-M RSS
Proposal 1: Add PCI to LTE inter-RAT carrier information, to indicate the corresponding Cat-M cell is synchronized with the NB-IoT cell and may be used for resync
Proposal 2: Consider indicating the RSS configuration for NB-IoT only devices
Observation 4: In IB/GB deployments, LTE carriers can be efficiently signaled (down to 0 instead of 18 bits)
Observation 5: In IB/GB deployments, NB-IoT carriers can be efficiently signaled (down to 5 instead of 23 bits)
Proposal 3: Leverage NB-IoT in-band or guard-band deployment modes to reduce signaling overhead
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Annex
This section details the benefit for an NB-IoT device to leverage a Cat-M RSS signal.

It is exemplified in the figures below which are comparing wake ups after long sleep with and without RSS in the two extreme examples of very high and very low SNR.
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We can observe that the wakeup period and process can be significantly simplified if RSS can be leverage in NB-IoT.

To quantify more the impact, and though the exact power consumption will significantly depends on the HW/SW solution at stake, we give some order of magnitude on the power consumption gain by comparing the durations during which the receiver is ON with and without WUS.

[image: image3]
We see that the ON duration (and hence the power consumption) with RSS will be 50% that without at high SNR and less than 20% at low SNR.

Besides the gain in performance will be even higher with WUS at it is easier for a receiver to process a continuous preamble like WUS rather than a sparse preamble like NSSS.
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