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1. Introduction

At the 3GPP RAN#69 meeting, a new work item proposal regarding the Narrow-Band Internet-of Things (NB-IoT) was approved [1]. This work item allows for two different proposals and there remain two different numerologies for the downlink and uplink, respectively. Thus, although this is work item, RAN1 is tasked to conduct further study and evaluations in order to narrow down the numerologies as indicated below. 
· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both 

· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 

In this contribution, we provide our initial views on whether to perform a down-selection or decide on inclusion of both. 
2. Design Target
The following numerologies are considered for both the downlink and uplink. 
· Downlink

· Option 1A: 15 kHz sub-carrier spacing (with normal or extended CP) 
· Option 1B: 3.75 kHz sub-carrier spacing
· Uplink

· Option 2A: SC-FDMA

· Option 2B: FDMA with GMSK modulation
Each option of NB-IoT was originally derived targeting different usage case or deployment scenarios. Accordingly, the following three operational scenarios are considered in this work
1) ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2) ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band
3) ‘In-band operation’ utilizing resource blocks within a normal LTE carrier
Although each option would be optimum for each operational scenario, specifying two different numerologies may incur the future risk of market fragmentation. Therefore, if there is no fundamental issue, a single solution is highly desired in order to avoid specification impact, increase in chip cost, and unnecessary testing effort. If the optimization is really needed for each operational scenario and specification needs to support both options, the additional cost estimation should be provided in order to justify the motivation to support two different options. We should note that the NB-IoT should be competitive or superior to the other systems in ten years. 

Proposal 1: A single solution should be selected regardless of the target operational scenarios.
Currently, LTE is one of the major radio access technologies (RATs) for which many operators have the frequency bands. Therefore, many operators would be interested in the in-band operation. In the in-band operation, we should take into account the cost of NW developments. Cost-efficient support for the NB-IoT in the existing NW or maximum reuse of all types of the current eNodeB apparatuses, e.g., digital unit (DU), remote unit (RU) and booster/repeater, is considered to be one of the most important requirements. Keeping this in mind, the special consideration should be given to “in-band operation”. 
Proposal 2: The optimization for the in-band scenarios should be prioritized. 
If we are allowed to optimize the numerology for in-band operation, we should then check if the same numerology can be applied to the other operational scenarios. Below, we provide the preliminary analysis of the options for three operational scenarios. 
· In-band operation
· Downlink: 

· Option 1A (15 kHz subcarrier spacing) has a clear advantage compared to Option 1B (3.75 kHz sub-carrier spacing) since the orthogonality among the subcarriers are maintained. Even for Option 1A, although the existing eNodeB apparatus can be mostly reused, some new physical channels such as synchronization signal need to be introduced.
· Uplink: 

· As proposed in [2], if the subcarrier spacing is not 15 kHz in Option 2A (SC-FDMA), both options would require a new eNodeB receiver which may also include the RF component depending on the eNodeB implementation. Nevertheless, the uplink multiple access scheme that has a higher commonality to the existing LTE functionalities are desired. For example, one difference between options that would impact the eNodeB implementation is whether or not to support new modulation schemes such as GMSK and possibly BPSK modulations. We expect that impact of introducing the new modulation schemes into the existing LTE network is not negligible. 

Although we need more evaluations, we see a clear benefit for Option 1A and Option 2A for in-band operation.
· Stand-alone operation

· Downlink/Uplink
· Option 1B/2B was originally targeting this operational scenario. On the other hand, based on [3], Option 1A/2A seems to be working even for the GSM spectrum. For this operational scenario, although we need more study, the same numerology as in-band operation is highly desired as long as there is no significant issue.
· Guard band operation

· Downlink

· If the current RF filter allows for such guard band operation in the LTE spectrum, Option 1A may be advantageous over Option 1B. However, since that is not the major case, we don’t see a big difference between the options. The merit of this guard band operation compared to the in-band operation is rather questionable. 
· Uplink
· A difference between options would be even smaller than the DL case.

From the discussion above, our current preference is to select Option 1A (15 kHz subcarrier spacing) for the downlink and Option 2A for the uplink (SC-FDMA) for the three operational scenarios. However, the applicability of Option 1A/2A for the stand-alone and guard-band operations needs to be further investigated. Also, the detailed designs for both Option 1A and Option 2A should consider the commonality with the existing LTE system to large extent and its impact on the current LTE network deployment.
Observation: For in-band operation in the LTE network, there are clear benefits to adopt a 15 kHz sub-carrier spacing (with normal or extended CP) for the downlink and SC-FDMA for the uplink.
Proposal 3: A 15 kHz sub-carrier spacing (with normal or extended CP) for the downlink and SC-FDMA for the uplink should be considered as the baseline of a single solution regardless of the operational scenarios unless significant issues are not identified for some operations.
3. Conclusion
In this contribution, we described our initial views on the candidate schemes for the NB-IoT. According to the discussion in Sect. 2, we made the following proposals and observation.
Proposal 1: A single solution should be selected regardless of the target operational scenarios.

Proposal 2: The optimization for the in-band scenarios should be prioritized. 

Observation: For in-band operation in the LTE network, there are clear benefits to adopt a 15 kHz sub-carrier spacing (with normal or extended CP) for the downlink and SC-FDMA for the uplink.
Proposal 3: A 15 kHz sub-carrier spacing (with normal or extended CP) for the downlink and SC-FDMA for the uplink should be considered as the baseline of a single solution regardless of the operational scenarios unless significant issues are not identified for some operations.
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