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1 Introduction

At RAN#76bis meeting, coexistence methodology and assumptions for NB-IOT were discussed [1][2] but there is no agreement reached for guard band and in-band operations. According to the description in WID [3] as below, RAN1 should take,
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.
In this contribution, we briefly introduce the evaluations considered in RAN 1 for guard band and in-band operations and provide some considerations from RAN4 point of view.
2 Evaluations
In RAN1, both NB-IOT victim and LTE victim are evaluated by link-level performance simulations, and some results on the demodulation BLER compared to no interfering are observed in the output [4][6][8]. Also system-level capacity simulations of NB-IOT are evaluated for guard-band and in-band operations as well in [5][7][9].
2.1 Guard band operation
2.1.1 Downlink
For NB-IOT victim, all of [144dB, 154dB, 164dB] MCL cases with different target SNR are studied with the frequency separation of 0 kHz and 100 kHz between the aggressor and the victim. 
For LTE victim, two PDSCH configuration cases as defined in RAN1’s agreement are considered, which are re-captured in Table 1. And LTE PDCCH BLER is also studied additionally.
Table 1 LTE PDSCH configurations

	PRBs allocated to PDSCH
	Case 1: 1 (i.e. 1/N_DL^RB of BS power)
	Case 2: 10 (i.e. 10/N_DL^RB of BS power)

	LTE PDSCH modulation
	16QAM
	QPSK

	LTE PDSCH TBS
	176
	1384


The system-level downlink capacity simulation of NB-IOT for guard band operation following RAN1’s agreement is evaluated in [5].
2.1.2 Uplink

For NB-IOT victim, NB-IOT is placed immediately adjacent to LTE (i.e. 0 Hz separation), or with 100kHz separation or with 200kHz separation. The performance of the NB-IOT uplink sub-channel that is closest to LTE edge is evaluated as shown in Figure 1. All of [144dB, 154dB, 164dB] MCL cases with different target SNR are studied.
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Figure 1 Location of the NB-IoT sub-channel used for evaluation
For LTE victim, two types of LTE PUCCH format 1b and 2b are studied. Full bandwidth (i.e. 180kHz ) is employed by the FDMA based NB-IOT uplink for evaluation of the impact to LTE PUCCH  to present a relatively worst case as shown in Figure 2. Also, frequency separation of 0 kHz, 100 kHz and 200 kHz are observed. A set of target SNR within the range [-10dB, 10dB] for the aggressor are studied.
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Figure 2 NB-IOT configurations
The system-level uplink capacity simulation of NB-IOT for guard band operation following RAN1’s agreement is evaluated in [7].
2.2 In-band operation
2.2.1 Uplink

For NB-IOT victim, three in-band deployment scenarios are considered in the simulation shown in Figure 3. All of [144dB, 154dB, 164dB] MCL cases with different target SNR are studied.
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Figure 3 Scenarios for different in-band deployments

For LTE victim, full bandwidth (i.e. 180 kHz ) is employed by the FDMA based NB-IOT uplink for evaluation of the worst case which shown in Figure 4.
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Figure 4 Scenarios for different in-band deployments
Both the LTE PUSCH and PUCCH BLER are studied with and without NB-IOT interfering. LTE PUSCH/PUCCH configuration cases as RAN1 agreed are considered, which are re-captured in Table 2. A set of target SNR within the range [-10dB, 10dB] for the aggressor are studied.
Table 2 LTE PUSCH/PUCCH configurations

	Case
	PUSCH 

case1
	PUSCH

 case2
	PUCCH (Format 1b)

	Num of scheduled PRBs
	1
	10
	1(at edge of system BW)

	Modulation
	16QAM
	QPSK
	QPSK

	TBS
	176
	1384
	\


The system-level uplink capacity simulation of NB-IOT for in-band operation following RAN1’s agreement is evaluated in [9].
3 Discussions

It can be seen that a lot of evaluations including the interference between LTE and NB-IOT has been considered in RAN1, for guard band and in-band operations within the same operator. And from the observations in RAN1’s contributions the impact is very limited for both the two operation modes of downlink of 3.75 kHz sub-carrier spacing and uplink of FDMA with GMSK. Actually, the interference case the signal and interference from/to the same co-located sourcing cell of one operator will not be an issue. Furthermore, there are methods for the operator to reduce the impact on each other such as scheduling and power control etc. in real deployment. As stated in last RAN4 meeting, we think RAN4 should focus on the coexistence study for the multi-operator scenario as usually at this stage. 

The study for guard band and in-band operations may be performed during the phase of defining related RF requirements after the plenary decision on the numerology in Dec. The NB-IOT solution will be more clear and specific then.

4 Conclusion

In this contribution, for guard band and in-band operations, we briefly introduce the evaluations considered in RAN 1 and provide some considerations from our view. It is proposed that 

RAN4 should focus on the coexistence study for the multi-operator scenario firstly.
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