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1 Introduction
3GPP TSG RAN has agreed a new Work Item (WI) [1] to carry out the normative work during Release 13. The Work Item includes three deployment scenarios, namely standalone, LTE guard band, and LTE in-band.  For the in-band mode of operation, the evaluation is specified to be based on scenarios and criteria documented in Sections 4 & 5, and Annex A of 3GPP TR 45.820 [2] with additional scenarios and criteria to be defined. 
In this document, simulation assumptions for guard-band deployment are proposed. 
2 Discussion
For LTE guard-band operation, numerology that differs from LTE may be used in either NB-IoT DL, UL or both. System level evaluations are needed to evaluate impacts of interference whenever numerology is different from LTE. In addition, if LTE numerology is used for NB-IoT UL, UL timing error may also cause non-negligible interference among NB-IoT subcarriers and between NB-IoT and LTE. 
Similar as discussed in [3], transmit and receive filtering need to be considered in link level simulations. Unlike in the case of LTE in-band operation, LTE wideband filtering will also have impacts on interference in the case of LTE guard-band operation.
Same baseline power control as proposed in [3] applies for guard band operation.
Proposal 1: For the purpose of evaluations used in down selection as specified in WID [1], open-loop control is assumed and the UL transmit power is uniformly chosen in the range of [max(x, p_min), min(x+5, 23) dB] where x in dB is the ideal transmit power assuming perfect knowledge of channel coupling loss and p_min is the minimal allowed transmit power of the solution.
3 Link Level Simulations
For link level simulations, UL timing error and transmit/receive filtering need to be considered.

Proposal 2: Link level simulations of NB-IoT guard-band mode of operation adopts the assumptions listed in Table C.1 of TR 45.820 with the following additions
	8
	UL timing error
	To be determined by PRACH performance. 

	9
	Transmit/receive filter or windowing function
	Solution specific, to be declared

	10
	Separation between NB-IoT and LTE carriers
	To be declared


Table C.1 of TR 45.820 is also included in Annex A of this document.
For the evaluation of interference due to timing error and different sub-carrier spacing, link level simulations need to be performed to provide the model of SINR reduction with respect to interference-free situation.

Proposal 3: For LTE guard-band operation, the following interference models are to be provided by link level simulations or a combined link level simulations and analytical study:

1. Model of interference from an NB-IoT subcarrier with UL timing error to an LTE PRB. 
2. Model of interference from an LTE PRB to an NB-IoT sub-carrier with UL timing error.

3. Model of interference from an NB-IoT sub-carrier to another NB-IoT subcarrier with UL timing error. 

4. Model of interference from an NB-IoT with non-LTE numerology to an LTE PRB.

5. Model of interference from an LTE PRB to an NB-IoT sub-carrier with non-LTE numerology. 

4 Summary

In this document, link level simulation assumptions for LTE guard-band operation have been proposed. Following proposals have been made.

Proposal 1: For the purpose of evaluations used in down selection as specified in WID [1], open-loop control is assumed and the UL transmit power is uniformly chosen in the range of [max(x, p_min), min(x+5, 23) dB] where x in dB is the ideal transmit power assuming perfect knowledge of channel coupling loss and p_min is the minimal allowed transmit power of the solution.

Proposal 2: Link level simulations of NB-IoT guard-band mode of operation adopts the assumptions listed in Table C.1 of TR 45.820 with the following additions

	8
	UL timing error
	To be determined by PRACH performance. 

	9
	Transmit/receive filter or windowing function
	Solution specific, to be declared

	10
	Separation between NB-IoT and LTE carriers
	To be declared


Proposal 3: For LTE guard-band operation, the following interference models are to be provided by link level simulations or combined link level simulations and analytical study:

1. Model of interference from an NB-IoT subcarrier with UL timing error to an LTE PRB. 

2. Model of interference from an LTE PRB to an NB-IoT sub-carrier with UL timing error.

3. Model of interference from an NB-IoT sub-carrier to another NB-IoT subcarrier with UL timing error. 

4. Model of interference from an NB-IoT with non-LTE numerology to an LTE PRB.

5. Model of interference from an LTE PRB to an NB-IoT sub-carrier with non-LTE numerology. 
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Annex A:
Link Level Simulation Assumptions In TR45.820

The following table is a copy of Table C.1 of 3GPP TR45.820.
Table A.1: Assumptions for link level simulations

	No.
	Parameter
	Value

	1
	Frequency band
	900 MHz

	2
	Propagation channel model
	TU

	3
	Doppler spread
	1 Hz with model for Doppler spectrum taken from TR 36.888 [3]1

	4
	Interference/noise
	Sensitivity2 

	5
	Antenna configuration
	BS: 1T2R
MS: 1T1R

	6
	Frequency error
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive)  + (F_drift_active * t). See Note 3.

	7
	MS initial frequency error (for evaluation of synchronization performance)
	Randomly chosen from -20 ppm and 20 ppm (i.e. either -20 ppm or 20 ppm), generated per synchronization attempt.

	Note 1:
Doppler spread of 1 Hz, with model from TR 36.888 [3], is a working assumption. This will be revisited if a more appropriate model is identified which shows significant difference in performance results. Doppler spread of 1Hz will model a non-stationary surrounding environment and not a non-stationary mobile device. Link level simulation results assuming 1Hz Doppler will be used in system level evaluation.

Note 2:
Sensitivity will be modelled as a baseline. Interference scenarios need to be developed.

Note 3:
 F_offset(t) is the frequency offset  at time t relative to the start of an uplink transmission.


F_est_error (Hz) is the candidate technology specific estimation of the downlink frequency error, which should be justified and  declared for each candidate technology.  . In order to ensure sufficient margin to different impairments, such as TXCO precision, the candidate technology specific assumption on frequency offset, if expressed as a distribution, shall not have a Root Mean Square Error (RMSE) lower than 10 Hz, or if a fixed offset is used, shall not be lower than 10 Hz. 


F_drift_inactive (0.010 ppm/s) represents the frequency drift rate during the interval between the end of the last downlink reception used for frequency error estimation and the start of the uplink transmission. The polarity (sign) of the F_drift_inactive rate should be selected randomly for each simulated uplink packet. 


T_inactive (sec) is the time interval between the end of the last downlink reception used for frequency error estimation and the start of the uplink transmission.


F_drift_active (0.025 ppm/s) is the frequency drift rate during the uplink transmission. The polarity (sign) of the F_drift_active rate should be selected randomly for each simulated uplink packet (so where a packet is composed of many repetitions, the polarity should be the same for each repetition). 


Refinement to the basic model which takes into account the candidate Cellular IoT radio interface technology proposal is allowed but the changes will be declared.
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