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1. Introduction
In RAN#69 meeting, NarrowBand Internet of Things (NB-IoT) was approved as a new work item based on 3GPP TR 45.820 [1]. According to [1], NB-IoT should support 3 different modes of operation: stand-alone, guard band, and in-band operations. One deployment scenario of stand-alone operation would replace one or more carriers currently used by GSM system. Guard band operation will utilize the resource blocks in guard band of LTE carriers. In-band operation will utilize the resource blocks in LTE carriers.
This contribution discuses inband operation, focused on aspects unique to inband scenarios different from stand-alone operation. 
2. Discussion
2.1.  Scenarios
In terms of simulation assumption and scenarios in inband operation, a few things need to be clarified for further design and evaluations. 
(1) Support both TDD and FDD inband
Supporting TDD in NB-IoT has some implication as generally TDD DL/UL configuration may not provide very long (e.g., 6mec) consecutive downlink and/or uplink. If TDD is supported, changing numerology and/or expanding TTI become a bit challenging. For example, if TDD DL/UL configuration 2 is used where only one uplink per 5msec is available, reducing subcarrier spacing in uplink becomes challenging. Two approaches can be considered. One is not to reduce the subcarrier spacing in UL for TDD or select only a few DL/UL configurations such as configuration 1 and design the uplink targeting those selected configuration(s). We prefer the second approach such as focusing on DL/UL configuration 1 only. If the subcarrier spacing used for TDD is sufficient also for FDD, we prefer single subcarrier spacing in UL regardless of TDD/FDD and stand-alone/inband. 
Proposal 1: Decide whether or not to support TDD in inband scenarios. Focus on only a few TDD DL/UL configurations if TDD is supported
(2) Assumption on the number of available narrowbands in the system bandwidth
In LTE-MTC, it is assumed that there are multiple narrowbands which can be used via frequency retuning by a UE. It is also assumed that the narrowband where synchronization signals are transmitted and data is transmitted can be different. This will allow frequency diversity, and also flexibility of scheduling. In NB-IoT, applying this may lead further discrepancy between stand alone and inband design. Thus, we propose to focus on one narrowband of 200Khz even in inband scenario and allow potential extension to multiple narrowbands as a second priority. 
Proposal 2: Focus single 180Khz narrowband case for the design even in inband scenarios. 
(3) Maximum power boosting assumption
In inband scenario, without appropriate power boosting, it leads very high overhead of repetition to achieve 20dB coverage enhancements. Furthermore, too low SINR would affect the overall channel estimation quality and measurement quality. Considering NB-IoT can monitor smaller bandwidth and require higher coverage enhancement compared to LTE-MTC, it would be more reasonable to assume power boosting to a certain extent is used always rather than a complementary solution. We suggest we assume and focus on at least 6dB power boosting case unless the requirements. 
Proposal 3: Assume that power boosting can be used always. For evaluations, assume about 6dB power boosting as a coverage enhancement technique rather than a complementary solution. 
(4) 180Khz  narrowband aligned with legacy PRB mapping
Currently, the channel raster requirement on a UE is 100Khz. If the same channel raster requirement is used for a NB-IoT device, some consideration on the location of synchronization seems necessary. If the narrowband of 180Khz is aligned with legacy PRB mapping, then, the center of synchronization signal of a narrowband can be placed in f0 + k * 180 kHz in odd system bandwidth and f0 + l * 180 + 90 kHz in even system bandwidth. This could require the change in channel raster and also may need to address even or odd legacy system bandwidth by increasing UE blind search complexity. To simplify the issue, one approach is not to align 180Khz narrowband with legacy PRB mapping. 
Proposal 4: Further study on alignment between a narrowband and legacy PRB mapping is necessary in consideration of channel raster.  
(5) DC carrier
Handling of DC could have two approaches. One is to empty one subcarrier of the center frequency of 180Khz (and thus the center becomes in the middle of one subcarrier). This will lead 1/12 resource overhead. The other approach is to shift 7.5 kHz such that DC can be placed between two subcarriers. Either way, the performance degradation is expected. It is suggested to investigate other implementation techniques as well. For the evaluations and design, the impact of DC may need to be taken into account. It is generally desirable not to place any RS at the DC subcarrier or near the DC. 
Proposal 5: The pattern/position of RS needs to consider DC issue. It is generally recommended that RS would not be placed in the DC subcarrier or near the DC.   


2.2. Criteria
In terms of criteria, in addition to objectives/aspects captured in TR 45.820, some considerations on the potential impact on LTE base station seems necessary. Furthermore, given that the power available on 200Khz is rather limited, the design target/objective of 20dB enhancements may be relaxed to avoid too excessive repetition. Also, though it would be a desirable target, the latency requirement can be also relaxed for 164dB case. It is generally acceptable that a IoT device in a deep coverage can endure some delay. Thus, we do not consider it is very critical objective to meet 10seconds latency for such UEs. 

Proposal 6: Further consider relaxation of latency requirements in inband scenarios if it provides benefits. 

3. Conclusion
This contribution discusses aspects related to inband scenario and criteria. The following captures our proposals.
Proposal 1: Decide whether or not to support TDD in inband scenarios. Focus on only a few TDD DL/UL configurations if TDD is supported
Proposal 2: Focus single 180Khz narrowband case for the design even in inband scenarios. 
Proposal 3: Assume that power boosting can be used always. For evaluations, assume about 6dB power boosting as a coverage enhancement technique rather than a complementary solution. 
Proposal 4: Further study on alignment between a narrowband and legacy PRB mapping is necessary in consideration of channel raster.  
Proposal 5: The pattern/position of RS needs to consider DC issue. It is generally recommended that RS would not be placed in the DC subcarrier or near the DC.   

Proposal 6: Further consider relaxation of latency requirements in inband scenarios if it provides benefits. 
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