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1
Introduction
In [1], one of the objectives of NB-IOT is to support in-band mode of operation where NB-IOT will utilize resource blocks within a normal LTE carrier. In this contribution, we discuss the in-band scenario and relevant assumptions to be used for evaluations.
2

In-band Evaluation Scenario
As defined in [1], in in-band mode of operation, NB-IOT will utilize resource blocks within a normal LTE carrier. An illustration of this is shown in Figure 1.
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Figure 1. In-band operation for NB-IOT.
Key deployment assumptions for the in-band scenario to be used for evaluation are described below –

· Downlink: One PRB outside of the center 6 PRBs is reserved for NB-IOT as shown in Figure 1. Within this NB-IOT PRB, the following time-frequency resources are reserved for legacy LTE transmission – the first 3 OFDM symbols for PDCCH/PCFICH/PHICH and the REs assigned to CRS. NB-IOT signals should not be transmitted in those reserved time-frequency resources. However, NB-IOT can reuse LTE CRS for channel estimation and demodulation if appropriate. In addition, CSI-RS is not used. When NB-IOT is transmitted, the total eNB power is shared between LTE and NB-IOT with possibility to use PSD boosting on the NB-IOT PRB. Furthermore, it is assumed that there is no MBSFN subframe used. To simplify the evaluation, the NB-IOT PRB is not scheduled to legacy LTE UEs.
· Uplink: One PRB outside of the LTE PUCCH region is reserved for NB-IOT as shown in Figure 1.
· Guard band for NB-IOT: In case a guard band is used for NB-IOT, it should be allocated within the 1 PRB assigned to NB-IOT.
· Frequency hopping: Frequency hopping may be possible where the UE can retune to a different PRB for transmission and reception. However, for initial evaluations, it is proposed that frequency hopping is not used.
· Channel raster: In case NB-IOT should be deployed using the existing LTE channel raster of 100 kHz, it may not fit in 1 PRB (instead taking up 2 PRBs). However, for evaluation purpose, it is proposed that NB-IOT is deployed within 1 LTE PRB.
Table 1 and Table 2 provide detailed simulation assumptions for in-band operation. 
Table 1. LTE assumptions for in-band operation.
	Parameter
	Value

	Frequency band
	2 GHz

	LTE system bandwidth
	10 MHz

	eNB transmit power
	46 dBm

	Tx power per channel
	PDCCH/PCFICH/PHICH
	46 dBm across 50 PRBs

	
	PDSCH
	46 dBm shared between LTE and NB-IOT

	Maximum CRS power boosting
	6 dB

	CSI-RS
	Not used

	MBSFN subframes
	None

	UE transmit power
	23 dBm

	CFI
	3 OFDM symbols

	Channel model
	TU, 1 Hz

	Antenna configuration
	eNB: 2Tx, 2Rx, UE: 1Tx, 1Rx

	Thermal noise density (dBm/Hz)
	-174


Table 2. NB-IOT assumptions for in-band operation.
	Parameter
	Value

	Frequency band
	2 GHz

	NB-IOT system bandwidth
	1 PRB

	eNB transmit power
	32 or 35 dBm

	MS transmit power
	23 dBm

	Channel model
	TU, 1 Hz

	Antenna configuration
	eNB: 2Tx, 2Rx, MS: 1Tx, 1Rx

	Thermal noise density (dBm/Hz)
	-174

	eNB Receiver noise figure (dB)
	3

	MS Receiver noise figure (dB)
	5

	Interference margin (dB)
	0

	Receiver processing gain (dB)
	0


For in-band operation, co-existence analysis is needed to ensure that the in-band operation does not negatively impact legacy LTE system as well as to study the impact of legacy LTE system to NB-IOT. This can be done using link-level analysis to evaluate performance degradation (e.g. SINR degradation or throughput loss). An example of an evaluation configuration for co-existence scenario is shown in Figure 2.
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Figure 2. NB-IOT allocation for co-existence analysis in in-band operation.
Table 2 provides possible simulation assumptions to be used for the link-level co-existence analysis. Other assumptions are provided in Table 1-Table 2.
.

Table 2. Assumptions for link-level co-existence analysis for in-band operation.
	System
	Parameter
	Value

	Downlink
	LTE
	PDSCH for UE1 and UE2
	TM2, 6 PRB, MCS5 

	
	
	eNB transmit power per PRB
	29 dBm

	
	
	PDCCH
	On, 3 OFDM symbols

	
	
	CRS
	Maximum 6dB power boosting

	
	NB-IOT
	M-PDSCH
	TBS of [776] bits

	
	
	eNB transmit power
	32 or 35 dBm

	Uplink
	LTE
	PUSCH for UE1 and UE2
	1 PRB, MCS5 

	
	
	UE transmit power
	LTE is aggressor: 23 dBm

LTE is victim: [17] and 23 dBm

	
	NB-IOT
	M-PUSCH
	TBS of [776] bits

	
	
	MS transmit power
	NB-IOT is aggressor: 23 dBm

NB-IOT is victim: [17] and 23 dBm
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In-band Evaluation Objectives
In [2], performance objectives were defined for the stand-alone operation. The objectives include improved indoor coverage, support of massive number of low throughput devices, reduced complexity, improved power efficiency, and latency. For in-band operation, it is desirable that the same objectives can also be satisfied. However, due to the need for power sharing in the downlink between LTE and NB-IOT, some targets may need to be modified. Potential objectives for in-band operations are discussed below –
· Improved indoor coverage: The target is to achieve an extended coverage of 20 dB compared to legacy GPRS devices.  This corresponds to achieving target MCL of 164 dB. At this MCL, data rate of at least 160 bps should be supported on both the uplink and downlink at the Service Access Point to the equivalent SubNetwork Dependent Convergence Protocol layer. This target should be the same for in-band operation as for stand-alone operation.
· Support of massive number of low throughput devices: The target is to support at least 52547 devices within a cell site sector using the evaluation methodology as defined in [2]. This target should be the same for in-band operation as for stand-alone operation.
· Reduced complexity: The goal is to provide ultra-low complexity devices to support IoT applications. This target should be the same for in-band operation as for stand-alone operation.
· Improved power efficiency: The target is to reduce power consumption of MTC devices so that battery life of ten years is possible with battery capacity of 5 Wh even at 164dB MCL. It is desirable that battery life of 10 years is possible also for in-band operation. Under the evaluation methodology in [2], it should be possible to meet the battery life target for some of the scenarios (e.g. periodic report of 50 bytes per day). 
· Latency: For latency evaluation, exception report latency of 10 seconds or less is the target for 99% of the devices. However, due to the much lower downlink transmission power of NB-IOT in the case of in-band operation (e.g. up to 11dB less than in stand-alone operation), downlink transmission times will be longer. Therefore, the latency target needs further consideration for in-band operation. 
Based on the above discussion, it is proposed that in-band operation should have the same evaluation objectives and targets as stand-alone operation except for the latency requirement which requires further consideration.
Proposal: In-band operation should have the same evaluation objectives and targets as stand-alone operation for improved indoor coverage, support of massive number of devices, reduced complexity, and improved power efficiency. The latency requirement for in-band operation needs further consideration.
4
Conclusion
In this contribution, we discuss the in-band scenario and related evaluations. The proposed evaluation scenario and assumptions are outlined in Section 2. Furthermore, we make the following proposal with respect to evaluation objectives and targets –

Proposal: In-band operation should have the same evaluation objectives and targets as stand-alone operation for improved indoor coverage, support of massive number of devices, reduced complexity, and improved power efficiency. The latency requirement for in-band operation needs further consideration.
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