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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1 #82bis meeting, several agreements which are related to the system-level evaluations in guard-band operation mode were made as following:
Agreement:
· For the purpose of evaluations, open-loop power control is assumed and the UL transmit power is uniformly chosen in a range that is FFS (discuss at RAN1#83; in the meantime, companies to declare what values they use in simulations).

Agreement
For LTE guard-band operation simulations, the following interference models are to be provided if necessary:
· For both UL and DL: 
1.	Model of interference from an NB-IoT subcarrier (with UL timing error in the UL case) to an LTE PRB. 
2.	Model of interference from an LTE PRB to an NB-IoT sub-carrier (with UL timing error in the UL case).
3.	Model of interference from an NB-IoT sub-carrier to another NB-IoT subcarrier (with UL timing error in the UL case). 
Note that UL timing error value can be solution specific
Note that term “subcarrier” is not intended to proscribe certain solutions. 
In this contribution, evaluations for downlink capacity are provided for guard-band operation mode based on 3.75kHz and 15kHz downlink subcarrier spacing. Frequency reuse factor 1/1 is assumed in the evaluations in this contribution instead of frequency reused factor 1/3. The uplink capacity in the guard-band operation mode is evaluated in our companion contribution [5].
[bookmark: _Ref417209229]BPL modeling
The BPL modeling results are shown in Figure 1, for both BPL scenarios (see Table D.2 and Table D.3 of [1]) and both agreed correlation coefficients (i.e. 0.5 and 0.75). These results show the CDF of the BPL for all the NB-IoT devices in the simulation, after each NB-IoT device has selected its preferred cell based on minimising the overall path plus penetration loss. 
[image: ]
[bookmark: _Ref417117748]Figure 1. BPL modeling results
Traffic profile and generation
The traffic profile defined in sub-clauses 5.2.2 [1] is followed. In this document, the information exchange due to the initiation of a MAR (mobile autonomous reporting) periodic or NC (network command) attempt is referred to as a “session”.

Due to the limitation on processing capability of the workstations running simulations, the actual simulation time (denoted by , in seconds) is normally in the order of hundreds or thousands of seconds (although the time needed to run the simulation is normally in the order of days).
The traffic profile is generated as follows,
1. The number of MAR periodic sessions generated per sector per day is expressed as:



where  is the number of MSs configured per sector (see Annex E.1 of [1]).
2. The total number of NC sessions generated per sector per day is expressed as:


3. The total number of sessions generated per sector during the simulation is:



Note that the total number of sessions generated per cell site is .
4. It is not clear in [1] how the MAR periodic and NC traffic is distributed over time. In this document it is assumed that they are uniformly distributed over time (i.e. similar to traffic profile 2).
Other simulation settings
The NB-IoT system is assumed to reuse a single 200 kHz carrier in all cells and is deployed in a frequency reuse of 1/1.  
Only QPSK is used in the downlink capacity evaluations. The code rates used in the evaluation are presented in Table 1.



[bookmark: _Ref434608771]Table 1. MCS used for the evaluation
	MCS index
	0
	1
	2
	3
	4
	5
	6
	7
	8

	Code rate
	0.01
	0.02
	0.03
	0.08
	0.17
	0.33
	0.5
	0.7
	0.93


The same L2S mapping methodology as in [2] is followed.
The MCS is determined for each NB-IoT device such that the highest MCS index is selected, subject to the required SINR being lower than or equal to the NB-IoT device’s average SINR (derived by geometry).
An independent measurement error, according to N(0,3 dB), is applied to each base station. This implies that some users will not select the optimum serving cell, and also not the most appropriate MCS/coverage class (the one that minimizes resource utilization). 
Data transmission and retransmission described in subclause 7.3.4.6.3 [1] are followed.
Other simulation assumptions follow Table D.1 in Annex D, which are recapped in Table 3.
[bookmark: _Ref409116896]Simulation results
[bookmark: _Ref413658504]Simulation cases
The simulation case applied is shown in Table 2. 
To determine the maximum capacity of the system, the simulation case is run for a number of offered loads (denoted by “#devices per sector”).
[bookmark: _Ref410320258]Table 2. Definition of simulation case
	IP header compression
	BPL scenario
	BPL inter-site correlation coefficient

	No
	Scenario 2
	0.75


Note 1: Without IP header compression, the protocol overhead above (equivalent of) SNDCP layer is 65 bytes. See Table E.2-3 in [1] for more details. The header overhead of (equivalent of) SNDCP down to MAC (e.g. SNDCP, LLC, RLC/MAC in Gb mode) layer can be estimated to be 15 bytes (4 bytes for SNDCP + 6 bytes for LLC + 2 bytes for MAC + 3 bytes for CRC).
Note 2: BPL scenario 2 is defined in Table D.2 and Table D.3 of [1], respectively.



Suppose the total number of successful downlink packets collected from all cell sites is , the number of simulated cell sites is , and the number of 200 kHz carriers allocated to one cell site is . For each simulation case, the capacity result is given by:


Results
The capacity is calculated based on counting downlink packets that are successfully delivered, as indicated in section 5.1.The black line represents the “ideal capacity” (i.e. assuming every downlink packet is successfully delivered by the system), so is a straight line through the origin with gradient determined by the parameters of the traffic model. The capacity results for both of the two downlink terminologies (i.e. 3.75kHz subcarrier spacing and 15kHz subcarrier spacing) are shown in Figure 2. Different proportions of downlink overhead among the total available downlink resources are assumed as
· Resource utilization case 1: 25% of the total downlink resources are allocated synchronization signals, broadcast channels and control channel, as a result the remaining 75% of the total resource elements are available for the data channel.
· Resource utilization case 2: 25% of the total downlink resources are allocated synchronization signals and broadcast channels, as a result the remaining 75% of the total resource elements are shared by the control channel and the data channel.

[image: ]
[bookmark: _Ref412710916]Figure 2. Downlink capacity
The same distribution of different MCSs applied both 3.75kHz subcarrier spacing and 15kHz subcarrier spacing is shown in Figure 3.
[image: ]
Figure 3 Distribution of different MCSs for DL
From the simulation results, it can be seen that using the frequency reuse factor of 1 the NB-IoT downlink with 3.75kHz sub-channel spacing have excellent downlink capacity performance in the guard-band operation mode. And also higher capacity is observed by the downlink with 3.75kHz subcarrier spacing compared to the 15kHz subcarrier spacing mainly due to the higher spectrum efficiency. It can be also seen that if the constraint of control channel capacity is considered (i.e. resource utilization case 2), the overall downlink capacity will be smaller so probably the downlink capacity rather than the uplink capacity becomes the limiting factor of the whole system.
Observation: The NB-IoT downlink with 3.75kHz subcarrier spacing can meet the capacity target (i.e. 52547 device per cell site sector with 1732m ISD) and achieves higher capacity than the downlink with 15kHz subcarrier spacing in the guard-band operation mode.
Conclusions
In this document, system level simulation results for the guard-band operation mode are provided for the NB-IoT downlink with different subcarrier spacing. Frequency reuse factor of 1 is assumed in all the evaluations. The following observation is made:
Observation: The NB-IoT downlink with 3.75kHz subcarrier spacing can meet the capacity target (i.e. 52547 device per cell site sector with 1732m ISD) and achieves higher capacity than the downlink with 15kHz subcarrier spacing in the guard-band operation mode.
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Appendix
[bookmark: _Ref410149456]Table 3. Assumptions for system level simulations in standalone operation mode
	No
	Parameter
	Assumption

	1
	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site with wrap-around

	2
	Frequency band
	900 MHz

	3
	Inter site distance 
	1732 m

	4
	MS speed 
	0 km/h

	5
	User distribution
	Users dropped uniformly in entire cell

	6
	Base station transmit power per 200 KHz (at the antenna connector)
	35 dBm 

	7
	NB-IoT Tx power (at the antenna connector)
	Max. 23 dBm per uplink physical channel with open loop power control

	8
	Path loss model
	L=I + 37.6log10(R), R in kilometers
I=120.9 for the 900 MHz band

	9
	Shadowing standard deviation
	8 dB

	10
	Correlation distance of Shadowing
	110 m

	11
	Shadowing correlation
	Between cell sites
	0.5

	
	
	Between sectors of the same cell site
	1.0

	12
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	13
	BS antenna gain
	18 dBi

	14
	NB-IoT device Antenna gain
	-4 dBi

	15
	BS cable loss
	3 dB

	16
	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See Annex D.1 of [1].
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