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1 Introduction

At RAN#69 plenary meeting, a new WI, namely NB-IOT was approved [1] based on techniques described in [2]. The modes of operation are recapped as follows:
NB-IOT should support 3 different modes of operation: 

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
And the following for downlink and uplink are stated:

· 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
In this contribution, we analyze the NB-IOT coexistence studies between multi-operator networks for guard band operation. The analysis and conclusion for NB-IOT in this paper only refers to candidate solution which is downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK.
2 Discussion
2.1 General scenarios

For the ‘guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band, it gives an opportunity for the operators to maximum the value of their existing infrastructures (e.g. radio unit) and licensed spectrum. Generally, there are two coexistence scenarios for guard band operation, as follows,
1. Coexistence between single-operator’s coordinated NB-IOT and LTE, where NB-IOT is deployed in the LTE carrier’s guard band.

2. Coexistence between multi-operators uncoordinated sites location, where operator A supports NB-IOT deployed in its LTE carrier’s guard band while operator B does not support NB-IOT.

The two scenarios show in Figure 1 for example.
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Figure 1 Coexistence scenarios
For the scenario 1, the NB-IOT is deployed in the RF bandwidth of legacy LTE base station, considering the WID description of RAN1 evaluation will be based on
· 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
and this is a coordinated scenario, we think the coexistence study between the two system of same operator  should be evaluated by RAN1 on demodulation performance under the interference to/from legacy LTE operation.
For the scenario 2, the coexistence study between operator A’s NB-IOT system and operator B’s LTE system can be based on the coexistence studies of the stand-alone operation. In this paper we focus on the scenario 2.
2.2 Coexistence analysis

For the downlink, we canregard the operator A’s LTE and NB-IOT as a whole block. As long as the  whole block can meet the legacy LTE base station unwanted emission mask, the operator A’s LTE with NB-IOT embedded in its guard band can surely coexist with operator B’s GSM/UMTS/LTE systems. It can be seen in [3] that the emissions of LTE with NB-IOT downlink 3.75kHz sub-carrier spacing embedded in guard band is below the LTE mask from sourcing companies verification. 

For the uplink, the additional NB-IOT signal power at the operator A’s base station receiver can be limited by power control and the sensitivity of NB-IOT signals is not expected to be larger than LTE signals over the same bandwidth. And separate pulse shaping of each sub-carrier for the NB-IOT uplink FDMA-GMSK results in very narrow occupied bandwidth (i.e. 3.75 kHz) signals which can achieve slope emission mask out of the signal’s bandwidth. Thus, the impact on operator B’s uplink due to the additional leakage from operator A’s NB-IOT signal can be expected to be very limited compared to the operation A’s LTE signals leakage.
The NB-IOT downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK coexistence study have been done in GERAN (named as NB-CIoT) and show compliance to coexistence with GSM/UMTS/LTE for stand-alone operation. The assumed frequency gap between the aggressor and victim in coexistence study of stand-alone operation for NB-IOT downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK are summarized in Table 1,
Table 1 Summary of assumed frequency gaps between aggressor and victim
	Frequency gap between
	Assumption for downlink 3.75kHz sub-carrier spacing and uplink FDMA with GMSK in stand-alone operation

	NB-IOT and adjacent GSM
	100kHz

	NB-IOT and adjacent UMTS
	0kHz

	NB-IOT and adjacent LTE
	0kHz


According to the deployment shown in scenario 2, assuming the NB-IOT transmit power in guard band operation is not larger than that in stand-alone operation, and if the frequency gap between operator A’s NB-IOT system and adjacent operator B’s GSM system is not less than 100 kHz, the conclusion of compliance with compatibility objective for coexistence with GSM for guard band operation can achieve based on the same conclusion for guard band operation. Also, if the frequency gap between operator A’s NB-IOT system and adjacent operator B’s UMTS or LTE system is not less than 0kHz, the conclusion of compliance with compatibility objective for coexistence with UMTS and LTE for guard band operation can also achieve. In other words, if the frequency gap between NB-IOT and the edge of its deployed LTE carrier RF bandwidth is not less than 100kHz, then the operator A’s NB-IOT can coexistence with operator B’s legacy networks.
3 Conclusions
Based on the analysis above, for scenario 2, the operator’s NB-IOT can coexist with another operator’s legacy GSM/UMTS/LTE in adjacent frequency. 
Proposal 1: for scenario 2, the operator’s NB-IOT can coexist with another operator’s legacy GSM/UMTS/LTE in adjacent frequency.
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