3GPP TSG RAN WG1 Meeting #82bis                                                                        R1-155997
Malmo, Sweden, 5th - 9th October 2015
Source: 
ZTE
Title:
System Simulation of Uplink Capacity of NB-IoT
Agenda Item:
7.2.6.3
Document for:
Discussion
1. Introduction
in RAN#69 [1], a Work Item, NB-IoT, was agreed which supports three operation modes: stand alone, in-band and guard-band. For the uplink, two technology candidates are listed: FDMA with GMSK modulation, and SC-FDMA (including single-tone transmission as a special case). It is suggested that RAN1 carry out simulations to compare the system performances, which would be used for technology down-selection. 
In this contribution, capacity performances of SC-FDMA and FDMA are simulated and compared, under stand alone, in-band/guard-band scenarios. Many simulation parameters are from [5].
2. Evaluation of Uplink Capacity
As [3] pointed out, uplink capacity is the bottleneck issues in NB-LTE under the current assumptions in this study phase since the main traffic comes from IoT devices while in DL link, only some network commands, ACK/NACK and software update requirement need to be satisfied but these traffic are very sparse or need very low transmission rate. Therefore, we focus the following simulations on the capacity of the uplink. Although some analysis and simulation results of uplink capacity has been given in [1, 3, 5], it has not been evaluated under the agreed assumptions with system level simulations to compare with the two schemes mentioned above. In this contribution, we will give some simulation results considering standalone, in-band/guard-band modes to show the uplink capacity difference of FDMA and SC-FDMA
3. BPL Modeling
BPL calibration has been described in [5]. Here for convenience we describe BPL calibration again. The BPL modelling results are shown in Fig. 1, for both BPL scenarios (see Table D.2 and Table D.3 of [2]) and for both correlation coefficients (i.e. 0.5 and 0.75). 
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Figure 1 BPL modeling.

These results show the CDF of the BPL for all the MSs in the simulation without selection of its accessed cell, i.e. only considering of its own BPL. It can be seen that BPL distributions with different scenarios and correlations are almost the same as description in sub-clauses 6.2.6.15.1 of [2].
4. Traffic Profile and Generation
As BPL calibration, traffic profile and generation are also provided in [5]. Still some descriptions are given again. We use the same scalable simulation method mentioned in [4] because of the limitation of processing capacity of running simulators. The traffic profile defined in sub-clauses 5.2.2 [2] is followed.

The traffic profile is generated as in [4] except SNC. According to [2], only half NC session need to be responded in uplink, so SNC = NMS x 1.12 should be used, however in order to compare in the same level, we still use  SNC = NMS x 2.24.
5. Channel Allocation and Frequency Reuse
In the capacity simulation of NB-IoT system, a frequency reuse of 1/1 is assumed. That means that there are totally 72 subcarriers (SC-FDMA) or 36 subcarriers (FDMA) can be used in one sector for data. 
6. TB Size and MCS
TB size and MCS of NB-IoT(SC-FDMA) can be found in [5]. The resource allocation for NB-IoT(FDMA) is described in [2]. For reader’s convenience, TB size and MCS of NB-IoT(SC-FDMA) are listed below.
The application payload size of MAR periodic traffic is a Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes, see Table E.2-1 of [2]. The distribution of the application payload size in uplink response to the Network Command is the same as application payload size distribution of MAR periodic traffic. So the application payload size of MS generated user data in the two kinds of traffic is in the range of 20~200 bytes.
According to the simulation results in [4,5], system performance is not significantly impacted by whether there is header compression. Therefore, we show below only the case of without header compression.
Overhead for COAP/DTLS/UDP/IP amounts to 65 bytes without IP header compression, see Table E.2-3 of [2]. Furthermore, as required by [2], Gb architecture is assumed, which results in additional overheads of 4 bytes from SNDCP, 6 bytes from LLC, 2 bytes from MAC, and 3 bytes CRC. Therefore, without IP header compression, overall (20~200)+65+15 = 100~280 bytes = 800~2240 bits are transmitted on the PHY layer.

The transport block size defined in LTE could be reused for NB-IoT (SC-FDMA).
The following MCS levels in Table 1 are used in the system simulations. It is noted that this MCS levels are only used for evaluation. We believe that some more elaborated or optimized design is necessary in the future. For example, we can design some complex-valued spreading code to allow for multiplexing more devices instead of simple repetition.

It is noted that the choice of MCS levels for certain device is scheduler’s implementation. In general, devices with higher SINR should use high order modulation and code rate, low repetition factor. If the scenario is band-limited, it is better to use high bonding factor instead of allocation of more subframes. If the device has low SINR (power limited), low order modulation and code rate, high repetition factor are used. If more data are to be transmitted, it is better to use more subframes instead of high bonding factor. Here we assume that time-domain resources to one or multiple M-Subframes, i.e. multiple 6ms durations defined in [2].
Table 1 MCS levels used in system simulation of NB-IoT (SC-FDMA)
	MCS levels
	Modulation
	Rate
	Repetition factor
	Bonding factor

	0
	BPSK
	1/3
	32
	1

	1
	BPSK
	1/3
	16
	1

	2
	BPSK
	1/3
	8
	1

	3
	BPSK
	1/3
	4
	1

	4
	BPSK
	1/3
	3
	1

	5
	BPSK
	1/3
	2
	1

	6
	BPSK
	1/3
	1
	1

	7
	QPSK
	1/3
	1
	1

	8
	QPSK
	2/3
	1
	2

	9
	QPSK
	2/3
	1
	3

	10
	QPSK
	2/3
	1
	4

	11
	QPSK
	2/3
	1
	8

	12
	QPSK
	2/3
	1
	16


7. Other Simulation Assumptions
The open loop power control mechanism described in sub-clause 7.3.3.2.2 of [2] is adopted in the simulations. The received signal strength is assumed to be known by the MS, i.e. the measurement of the signal strength is ideal. The sensitivity of the results to measurement/estimation errors in MCS is not covered in the simulations.

Other simulation assumptions follow Table D.1 in Annex D of [2], which are listed in Table 2 for convenient consulting. It is noted that a few parameters are different between stand alone and in-band/guard-band operations.
Table 2 Assumptions for system level simulations
	No
	Parameter
	Assumption

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

	2
	Frequency band
	900 MHz (stand alone), 
2.0GHz (in-band/guard-band) *

	3
	Inter site distance 
	1732 m(stand alone),
500m(in-band/guard-band)

	4
	MS speed 
	0 km/h

	5
	User distribution
	Users dropped uniformly in entire cell

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

	8
	Path loss model
	900MHz(standalone)

L=I + 37.6log10(R), R in kilometers

I=120.9
2.0GHz (in-band/guard-band)

Comply with Uma

	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
	MS 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 [2].


* 2.0 GHz for inband/guard-band is chosen for convenience of simulation (2GHz has so far been widely used in study on various LTE technologies. However, it is expected that for low cost MTC, < 1GHz deployments would be typical in in-band or guard-band operations.
8. Modeling of Interference from LTE in In-band/Guard-band Operation
NB-IoT would see interference from LTE uplink transmission when operated in-band or guard-band, since the subcarrier spacing of LTE is 15 kHz which is 6 times of NB-IoT. Fig. 2 shows the power leakage from LTE to its adjacent PRB. It is seen that the interference level has two regions, the first region spans 1/3 of PRB bandwidth which is 60 kHz wide. The leakage linearly decreases from -20 dB to -40 dB. In the second region of 2/3 of PRB bandwidth (120 kHz), the leakage linearly decreases from -40 dB to -50 dB. It should be emphasized that for in-band operation, in the worst case (*), NB-IoT would experience interferences from both sides of LTE resources. In guard-band mode, NB-IoT receives only one side interference from LTE. 
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Figure 2 Power leakage from LTE to NB-IoT
* For in-band operation, PRB of NB-IoT can be put to the edge, so that the interference from LTE is almost one-sided (assuming very low power in PUCCH).
9. Simulation Results
According to the simulation results in [4, 5], the performance differences between case1, case 2, to case8 (definition can be found in [2]) are small. Hence, we focus on case 8 in the following which represents the most challenging scenario. We use the same evaluation index defined in [4], i.e. for each simulation case, the capacity result is given by:
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Here the total number of successful uplink reports collected from all cell sites is Nreport, the number of simulated cell sites is Nsite, and the number of 200 kHz carriers allocated to one cell site is N200kHz. The value of N200kHz has been set to 1 in the following capacity results.
Fig. 3 compares the uplink capacity of SC-FDMA and FDMA under 900 MHz carrier frequency of stand-alone operation. While both can meet the capacity requirement, SC-FDM performs better than FDMA due to its higher spectral efficiency, i.e., FDMA requires guard-band for each narrow band carrier, whereas subcarriers of SC-FDMA are orthogonal, i.e., no guard-band is needed between each narrow-band transmission.
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Figure 3 Capacity comparison between SC-FDMA and FDMA (900MHz), stand-alone
Fig.4 compares the packet error rate (PER) as a function of the number of MS, between SC-FDMA and FDMA at 900 MHz carrier frequency of stand-alone operation. While both can meet < 1% PER requirement for the target number of MS, SC-FDMA shows much lower PER when the number of MS increases. 
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Figure 4 MAR false probability comparison (900MHz)

Figure 5 compares the capacity of SC-FDMA and FDMA for stand-alone, in-band, and guard-band operations, all with 2.0 GHz carrier frequency. According to the methodology in [2], since the site-to-site distance is reduced to 500m, the target number of MS per cell becomes 12347. It is observed that although both techniques fulfil the capacity requirement, SC-FDMA outperforms FDMA, due to the higher spectral efficiency of SC-FDMA. For the same transmission technique, stand-alone operation results in the best performance, followed by guard-band operation, and then in-band operation, due to the one-side and two-side interference from LTE uplink transmission.
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Figure 5 Capacity comparison between SC-FDMA and FDMA (2.0GHz)

Fig.6 compares the packet error rate of MAR as a function of the number of MS, between SC-FDMA and FDMA, for stand-alone, in-band and guard-band operations, all with 2.0GHz carrier frequency.  While both techniques meet the requirement, i.e., PER < 1% at the target number of MS, SC-FDMA outperforms FDMA by a big margin.
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Figure 6 MAR false probability comparison (2.0GHz)
10. Conclusion
Uplink capacities of SC-FDMA and FDMA are evaluated via system simulations, under stand-alone (900 MHz and 2 GHz carrier frequency), in-band and guard-band operations (2 GHz carrier frequency). It is observed that both techniques can meet the capacity requirements. However, SC-FDMA has higher capacity and lower packet error rate than FDMA, in all three operating modes. The inferior performance of FDMA is due to the guard-band for each narrow band, thus reducing the spectral efficiency of its transmission. Therefore, it is recommended to adopt SC-FDMA for the uplink transmission of NB-IoT.
References

[1] 3GPP RP-151621, New WI proposal: NB-IoT, Qualcomm, RAN#69.
[2] 3GPP TR 45.820 v13.0.0, “Cellular system support for ultra low complexity and low throughput Internet of Things”. GERAN#67.
[3] 3GPP GP-150861, Narrowband LTE – System capacity evaluation, Ericsson LM, Nokia Networks, GERAN#67.
[4] 3GPP GP-150734, NB-CIoT - System level simulation for capacity and latency evaluation, Huawei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd, GERAN#67.
[5] 3GPP RP-151558, NB-LTE Support of massive number of low throughput devices, ZTE, Ericsson, Alcatel-Lucent, Nokia, Samsung, Intel, LGE, RAN#69.

































_1486552203.unknown

