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Introduction
A converged solution [1] built upon NB-M2M and NB-OFDMA candidates [2] was proposed at GERAN#66. The downlink physical layer design of this converged solution, namely, the Narrowband Cellular IoT candidate solution (NB-CIoT), is expanded in [3]. 
This paper presents the downlink system simulation results and performance metrics for NB-CIoT system. Evaluation methodology and traffic models are taken from [2] Section 5 and Annex E respectively.  Details are as follows.
Simulation model 
Drop and System parameters
Key deployment parameters are summarized in Table 1, whereas system configuration is identical to [3]. 

Geometry of the deployment under these parameters is depicted in Figure 1. The cells are not assumed to be synchronous, therefore despite frequency reuse 3 there may be leakage between the neighbouring sectors with disjoint set of subcarriers [4]. The impact of this leakage on DL SINR is also depicted in Figure 1. Specifically, the average DL SINR on the outermost subcarriers – i.e., the subcarriers 14, 16, 31 and 33 that receive the highest ACI from the sectors using adjacent set of subcarriers – is also plotted, assuming fully loaded system.
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	Parameter
	Value

	Simulation area
	19 cell-sites with 3 sectors per site, in 2-tier Hexagonal grid with wrap around

	ISD
	1732 meters

	System bandwidth
	1 carrier (200 KHz)

	OFDM subcarrier spacing
	3.75 KHz; 48 total subcarriers in 180KHz

	Frequency Reuse
	3; Sets {0,…,14}{16,…,22,24,…31}{33,…,47}

	BS maximum transmit power per subcarrier
	43dBm – 10*log10(48)

	UE  distribution
	Uniform density, varied from 48K to 66K UEs/sector

	Propagation loss
	120.9 + 37.6log10(dKM); 900 MHz 

	Shadow Fading
	Lognormal with ; correlation ½ across cell-sites and 1 across sectors of each cell-site

	Penetration loss
	Build Penetration Loss Scenario 2, correlation 1 across cell-sites and i.i.d across UEs

	Antenna configuration
	DL: 1x1 

	Antenna pattern
	2D, 65deg H-plane (TR45.914) – 3 sectored

	Antenna gains
	BS: 14dB; UE: -4dB

	Cell association
	BS with strongest RSRP

	MCL for association
	164dB

	UE Max. TX Power
	23 dBm

	UE Noise Figure
	5dB

	BS Noise Figure
	3dB





[bookmark: _Ref422686552][image: ]Figure 1: Reuse 3 geometry, as well as average DL SINR for fully loaded system on the “outermost” subcarrier of each sector.
[bookmark: _Ref422835382]Traffic model
Instead of a standalone simulation with each traffic type, all DL and UL traffic for its contribution to the load on DL control channels is simulated. Specifically, the traffic in the simulation comprises these three types:

1. Mobile Autonomous Reporting (MAR) Periodic UL reports: 80% of UEs send MAR Periodic UL reports albeit with different intensity, as specified in [2, Table E.2-1].  The net intensity in total number of sessions per day per sector, as calculated in [6], is 

where  is the total UE population per sector. Moreover, 50% of these sessions generate a DL application-layer ACK, for which the latency is measured and reported in the results below.  The other 50% sessions contribute to DL load only through RACH response and UL grants transmitted on PDCCH.
2. Network Command (NC): 20% of the UEs are sent NCs by the BS at various intensities. The net intensity of NC sessions is given by,

Moreover, 50% of these sessions generate an (application-layer) UL response that further contributes to load on DL control channels. 
3. Software update/reconfiguration (SU): All UEs occasionally receive SU traffic.  While the application payload is relatively large, the intensity is weaker at
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No IP header compression is assumed; thus the total header size including CoAP/DTLS/UDP/IP is taken to be 65 bytes.

Simulation results
Figure 2 below gives throughput of DL reports as UE population is varied from about 48,000 UEs/sector to 66,000 UEs/sector. Note, the offered load is the number of DL reports generated per hour per cell-site.  DL reports include Network Commands, Software Updates, and application-layer DL ACKs (APP-DL-ACKs) associated with MAR periodic UL reports.  As can be seen, the failure rate of DL reports is about 1%. Failed reports are not retransmitted from the application layer (in accordance with the model in [2, Annex E.2.2]). 
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Figure 2: Throughput of application-layer DL ACKs of MAR periodic reports

Scheduling and transmission latency of the APP-DL-ACKs is measured at the granularity of 1280ms, which is the standard frame length in NB-CIoT system, interspersed with four PDCCH bundles. Figure 3 gives the CDF of latency at the traffic load generated by 65,000 UEs/sector.  As can be seen, most APP-DL-ACKs are scheduled and complete transmission within 1.28seconds of their generation (generation/arrival at BS of APP-DL-ACKs is assumed instantaneous upon the reception of MAR UL report, in accordance with the model in [2, Annex E.2.2]).
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Figure 3: Scheduling and transmission delay incurred by application-layer ACKs associated with MAR periodic UL reports

DL resource utilization[footnoteRef:1] with 65K UE/sector is about 50%; Figure 4 gives the breakdown of resource usage by various traffic types.  For example, MAR-period-UL-reports-with-no-application-ACK (MARP-noACK for short) consume 6% of DL resources; these resources are essentially PDCCH subcarriers and slots used for sending RACH responses, UL assignments and physical layer ACKs.  Software update/reconfiguration traffic consumes <1% of DL resources. [1:  A DL resource unit is define as one subcarrier for one slot. Then resource utilization is simply the fraction of tone-slots available to a BS on which the BS transmitted a signal. See also [5].] 
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Figure 4: Breakdown of DL resource utilization by various traffic types. Software updates (SU) consume <1% resources.




Summary
System level simulation results for the DL of NB-CIoT solution are presented. More specifically, DL resource utilization and latency for the application-layer DL ACKs associated with MAR periodic UL reports are provided.  The results demonstrate that NB-CIoT solution exceeds by a wide margin the requirements stated in [2].
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