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Introduction
In RAN#69 meeting, NB-IoT was approved as a work item. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture [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.
According to [1], the following will be supported:
· 180 kHz UE RF bandwidth for both downlink and uplink
· 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. 
· RAN1 evaluation will be based on
· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)
· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation
· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network
· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria
· RAN1 will involve RAN2 as necessary
· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
· Any enhancements to S1 interface to CN and related radio protocols to support the work SA2 is conducting on the systems aspects such as signalling reduction for small data transmissions.

In this contribution, we discuss several aspects of guard band operation.

Discussion
2.1 	Subcarrier spacing
As can be seen in [1], there are two candidates on the subcarrier spacing of downlink OFDMA: one is 15 KHz and the other is 3.75 KHz. Since a resource block in LTE carriers will be used in guard band operation, the resource block will be processed together with other resource blocks in the LTE carriers employing the single FFT. If signals with different subcarrier spacing would be multiplexed in the same OFDM symbol, each signal will suffer from interference caused by signals with different subcarrier spacing, which will result in the performance degradation. Hence, 15 KHz subcarrier spacing should be adopted in guard band operation.
 
2.2 	Power sharing
The total base station power should be divided to support guard band operation. For example, assuming a base station of 10 MHz bandwidth would be equipped with 46 dBm power amplifier, total base station power would be applied across 50 RBs if no RB in guard band is used. However, the more power is allocated to RB in guard band, the less power is allocated to legacy RBs, which may impact legacy system performance. Hence, we should investigate the several aspects of power split between legacy RBs and guard band RB.   

2.3 	Resource usage
[bookmark: _GoBack]While the OFDM symbol carrying the PDCCH of the legacy LTE can’t be used in in-band mode, there is no restriction on the resource usage in guard band mode because control signal including the CRS is not transmitted over the RBs in the guard band. Since no PDCCH and RS are transmitted over the RBs in the guard band, all available REs can be used for NB-IoT data/control/RS mapping. In that regards, data rate matching operation in guard band can be similar to stand-alone operation. 
2.4 	Coexistence 
If a guard band RB is used in guard band operation, coexistence study should be done. The parameters for coexistence have been obtained by assuming no signal is present in the guard band. It is expected that the use of RBs in guard band may affect the parameters for coexistence. Hence, new values for some parameters may be needed to support guard band operation. However, this coexistence study should be done in RAN4. 

Conclusions
We discuss the several aspects of guard band operation. We have following consideration points:
· 15 KHz subcarrier spacing should be used to avoid unwanted interference in guard band operation.
· Several aspects of power split between legacy RBs and guard band RB should be investigated.
· New RS should be defined for demodulation of physical channels in guard band mode.
· Coexistence study should be done in RAN4.
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