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1. Introduction 
According to the NB-IoT WID [1], the NB-IoT system operates in a bandwidth of 180kHz and uses OFDMA. There are two numerology options that will be considered: a 15kHz subcarrier spacing and a 3.75kHz subcarrier spacing. The NB-IoT carrier can operate in either (1) stand-alone operation, (2) guard band operation or (3) in-band operation. 
When the NB-IoT carrier operates in-band, it can cause interference to the host LTE carrier within which it operates. The LTE scheduler can minimize the interference to some LTE channels, such as PDSCH. For the legacy control channels PDCCH, PHICH and PCFICH, this scheduling is more difficult since by specification, the resource elements that make up these channels are scattered throughout the system bandwidth.

This document provides some initial simulation results showing the impact of the NB-IoT carrier on the legacy control channel region of the host LTE carrier, specifically by considering the impact on the legacy PDCCH. These initial evaluations indicate that the NB-IOT carrier should not interfere with the legacy control channel region when operated in-band.
2. Effect of NB-IOT Interferer on LTE Control Region
The legacy control channel region supports the PDCCH, PHICH and PCFICH. Legacy Release-12 UEs expect to decode these channels and are unaware of the presence of an NB-IoT carrier. Hence an NB-IoT carrier will act as interference into the legacy control channel region of the host carrier, as shown in Figure 1. This interference could be avoided if in-band NB-IoT is specified to not occupy the OFDM symbols that could potentially be occupied by an LTE carrier.
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Figure 1 – Interference scenario of NB-IoT carrier interfering with LTE legacy control channel region

The NB-IoT carrier interferes with both the legacy control channel region and with the CRS of the host carrier. Initial simulations were performed to quantify the impact of the NB-IoT carrier on the host carrier. The simulation assumptions are detailed in the appendix. The NB-IOT interferer is modelled as a set of QPSK modulated LTE resource elements that overwrite the resource elements used in the host LTE carrier. This model is directly applicable to the 15kHz numerology for NB-IoT. A more involved simulation involving the modelling of a 3.75kHz subcarrier spacing, symbol duration etc. and any required guardband would be necessary to accurately assess the impact of the 3.75kHz numerology on the host LTE carrier.

There are two sources of error for PDCCH of the host carrier:

· Incorrect LLRs are decoded by the PDCCH convolutional decoder. Supplying the decoder with incorrect symbols (from the NB-IoT interferer) has a more significant performance impact than puncturing the PDCCH.
· The channel estimator of the host carrier performs channel estimates based on unexpected reference symbols (the interfering NB-IOT carrier replaces the CRS in the host carrier with unknown symbols, leading to corruption of the channel estimates for the PDCCH decoder in the host carrier). 

Figure 2 and Figure 3 show simulated results in ETU and EPA, showing the performance degradation of the PDCCH caused in a UE on the host LTE carrier due to various power-boosted levels of the NB-IoT carrier interfering with the host control channel region.
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Figure 2 – Simulated performance of PDCCH in host carrier interfered with by in-band NB-IOT carrier in ETU
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Figure 3 - Simulated performance of PDCCH in host carrier interfered with by in-band NB-IOT carrier in EPA
The effect of the Nb-IoT interferer on the LTE host control channel region may depend on various factors other than those simulated here, including the degree of transmit and receive diversity, the aggregation level of the PDCCH in the host LTE carrier, details of the UE implementation etc. Since it is known that there are at least some scenarios where the NB-IoT seriously degrades the performance of the host LTE control channel region, it is safest to design the in-band NB-IoT carrier such that it does not occupy the OFDM symbols occupied by the legacy control channel region.

The legacy control channel region also carries the PCFICH and PHICH. These channels might be more susceptible to interference from the NB-IoT carrier. However the eNodeB RRM function can decide on NB-IoT carrier locations such that they don’t interfere with the PCFICH and PHICH locations on the host carrier. Implementing a scheduler that scheduled PDCCH such that its REs were never coincident with an NB-IoT carrier would be a much more difficult task and would restrict the number of PDCCHs available to the eNodeB.
Based on the simulation results presented here, the following recommendation is made:

Recommendation: To allow a scalable number of in-band NB-IoT carriers to be supported, the NB-IoT carrier should not occupy the OFDM symbols occupied by the legacy control channel region.

Note: the current NB-LTE proposal (section 7A of [2]) is in-line with the above recommendation and hence should not affect the operation of the legacy PDCCH in the host LTE carrier. Application of this recommendation to the NB-CIoT proposal (section 7.3 of [2]) is FFS.
3. Conclusion

This document has presented initial simulation results showing the effect of an NB-IOT carrier interfering with a PDCCH in the control channel region of a host LTE carrier, when NB-IOT operates as an in-band carrier. It is shown that the degradation caused to the host LTE carrier depends on the relative power boosting applied to the NB-IOT carrier.

The following recommendation is made:

· Recommendation: To allow a scalable number of in-band NB-IoT carriers to be supported, the NB-IoT carrier should not occupy the OFDM symbols occupied by the legacy control channel region.

The current NB-LTE proposal ([2] section 7A) is in line with the above recommendation and should not affect the performance of the control channel region of the host LTE carrier, when the NB-LTE carrier operates in-band to a host LTE carrier.
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Appendix: simulation assumptions

The simulation assumptions applied to the host carrier and the NB-IoT carrier are detailed in Table 1 and Table 2.

Table 1 – Simulation Assumptions for PDCCH of Legacy Carrier
	Parameter
	Legacy control channel

	System bandwidth
	10MHz

	Channel bandwidth
	10MHz

	Control channel symbols
	2 OFDM symbols

	Control channels active
	PDCCH, PHICH, PCFICH

	Control channel decoded
	PDCCH

	Base CCE
	Randomly chosen

	PHICH scaling factor
	1

	PHICH duration
	normal

	Cell_ID
	0

	DCI payload size (including CRC)
	DCI 0/1A: 27 bits + 16 bit CRC

Total = 43 bits

	Aggregation Level
	2

	Number of transmit antennas
	2 

	Number of receive antennas
	2

	Antenna correlation
	low

	Channel model
	ETU, EPA

	Channel speed
	1Hz

	Carrier frequency
	2GHz (FDD)

	Number of CRS ports
	2 (FDD and TDD)

	Channel estimation
	MMSE (ideal)

	Decoder
	ML, ideal LLR


Table 2 – Simulation Assumptions for NB-IoT Interferer
	Parameter
	Legacy control channel

	System bandwidth
	10MHz

	Channel bandwidth
	180kHz

	Multiple Access
	OFDMA

	Modulation
	QPSK

	Subcarrier spacing
	15kHz

	Symbol duration
	66.67s

	Number of symbols / subframe
	14

	Number of transmit antennas
	2

	Number of NB-IoT carriers
	1

	Location of NB-IoT carriers
	Base of host carrier resource space

	Modulation symbols applied
	Fixed stream of QPSK modulation symbol 
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