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1 Introduction

During RAN1 session #68, “reduction of maximum bandwidth”  and “reduction of peak ratre” are discussed as potential cost reduction techniques.  In this contribution, performance evaluations of bandwidth reduction and peak rate reduction for low cost MTC UEs are provided.
2 Spectral efficiency evaluation

2.1 Simulation assumption
In order to evaluate the spectral efficiency performance of low cost MTC UEs with bandwidth reduction and/or peak rate reduction, system level simulation assumptions are set as table 1.
Table 1.  System level simulation assumptions
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site.

	Number of users per cell
	uniformly distributed with average 10 UEs per sector

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 900MHz

	Inter-site distance
	500m(3GPP Case1)

	Operating bandwidth (BW)
	10/5/3/1.4 MHz

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-cell: 0.5, intra-cell 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1- SCME- UMa

	Antenna configuration
	Uplink: 2Rx at eNB, 1Tx at UE

Downlink: 2Tx at eNB, 2Rx at UE

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB

	Feedback scheme
	RI=1,WideBand PMI and SubBand CQI

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Limited TBS: Proportional Fair with PRB Limited(6PRB/12PRB/24PRB) or MCS level Limited (QPSK/16QAM)

	Traffic
	Full buffer

	Receiver
	MMSE receiver

	Overhead assumption
	DL overhead: 3 OFDM symbols for DL CCHs, Antenna Port 0 CRS.

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Uplink: ideal

Downlink: Non-ideal, based on CRS for channel measurements, based on CRS for data demodulation.


2.2 Simulation results for bandwidth reduction only
DL and UL spectral efficiency simulations have been done under different system bandwidth (10, 5, 3 and 1.4MHz). DL spectral efficiency simulation results are shown in table 2 and Figure 1.

Table 2 DL spectral efficiency under different bandwidth
	bandwidth
	Cell spectral efficiency

(bit/s/Hz)
	Cell edge user spectral efficiency

(bit/s/Hz)

	10MHz
	2.3232
	0.0937

	5 MHz
	2.3174
	0.0926

	3 MHz
	2.2900
	0.0874

	1.4MHz
	2.2345
	0.0802
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Figure 1. DL cell spectral efficiency under different bandwidth

UL spectral efficiency simulation results under different bandwidth are shown in table 3 and Figure 2. (Note:  RB number that PUCCH occupied is 2.)
Table 3 UL spectral efficiency under different bandwidth
	Bandwidth
	Cell spectral efficiency

(bit/s/Hz)
	Cell edge user spectral efficiency

(bit/s/Hz)

	10MHz
	1.4992
	0.0737

	5 MHz
	1.4984
	0.0886

	3 MHz
	1.3793
	0.0865

	1.4MHz
	1.1162
	0.0695
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Figure 2. UL cell spectral efficiency under different bandwidth

From the simulation results, we can see that bandwidth reduction has small impact on spectral efficiency on both DL and UL.  Spectral efficiency impact of bandwidth reduction on UL is larger than DL since the UL spectral efficiency is related to the RB number PUCCH occupied.
Observation 1:  bandwidth reduction has small impact on spectral efficiency on both DL and UL.
2.3 Simulation results under different PRBs and modulation order
As agreed during the [68-13] email discussion, techniques for peak rate reduction include: “Reduction of maximum TB sizes for DL and UL”, “Restricting the number of PRBs in an assignment/grant” and “Restricting the maximum modulation order”.  By reducing the maximum number of allocated PRBs in an assignment/grant and the maximum modulation order supported by MTC UEs result in a smaller supported TB size, and the peak rate can be reduced accordingly.
With assumption of 10MHz system bandwidth, the DL spectral efficiency simulation results under different PRBs in an assignment/grant and different modulation order are shown in table 4 and Figure 3. 

Table 4. DL spectral efficiency under different PRBs and modulation order
	Configuration
	Cell spectral efficiency

(bit/s/Hz)
	Cell edge user spectral efficiency

(bit/s/Hz)

	24RB, 64QAM
	2.3206
	0.0991b

	12RB, 64QAM
	2.3171
	0.0984

	6RB, 64QAM
	2.3026
	0.0967

	24RB, 16QAM
	1.3729
	0.0839

	12RB, 16QAM
	1.3589
	0.1004

	6RB, 16QAM
	1.3568
	0.0745

	24RB, QPSK
	0.6952
	0.0473

	12RB, QPSK
	0.6949
	0.0439

	6RB, QPSK
	0.6942
	0.0549
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Figure 3. DL cell spectral efficiency under different PRBs and modulation order
The UL cell spectral efficiency and DL cell edge spectral efficiency simulation results are shown in table5 and Figure 4(note: RB number that PUCCH occupied here is 4).
Table 5. UL spectral efficiency under different PRBs and modulation order
	Configuration
	Cell spectral efficiency
(bit/s/Hz)
	Cell edge user spectral efficiency
(bit/s/Hz)

	24RB, 16QAM
	1.3986
	0.0808

	12RB, 16QAM
	1.3732
	0.0770

	6RB, 16QAM
	1.2698
	0.0741

	24RB, QPSK
	0.7593
	0.0425

	12RB, QPSK
	0.7572
	0.0423

	6RB, QPSK
	0.7427
	0.0440
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Figure 4. UL cell spectral efficiency under different PRBs and modulation order
From the simulation results, on both DL and UL, we can see that restricting maximum modulation order has greater impact on spectral efficiency and restricting PRBs assignment has very small impact on spectral efficiency.  When the modulation order is restricted to QPSK, the cell spectral efficiency is decreased by about 50%-70%. But the Spectral efficiency of LTE system is still higher than that of GSM system even when maximum modulation order is restricted to QPSK.

Observation 2:  Restricting maximum modulation order has greater impact on spectral efficiency on both DL and UL. If maximum modulation order is restricted to QPSK, the cell spectral efficiency is reduced from 2.3 to 0.69 bit/s/Hz for DL and from 1.3 to 0.75 bit/s/Hz for UL.
Observation 3:  Restricting the number of PRBs in an assignment/grant has small impact on spectral efficiency on both DL and UL.
3 Coverage evaluation
In order to evaluate the link performance degradation caused by bandwidth reduction, link level simulation assumptions are set as in Table 6.

Table 6.  DL/UL Control channel simulation parameters

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	10/5/3/1.4 MHz

	Channel model
	DL: TU

	
	UL: EPA

	Velocity
	3km/h

	Modulation mode
	QPSK

	OFDM Symbol Number of PDCCH
	3

	Channel estimation
	Practical

	CP type
	Normal CP

	DCI Format
	Format 0/1A

	PUCCH format
	Format 1a


 DL and UL control channel simulation  results under different bandwidth are shown in Figure5 and  Figure 6.
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Figure 5. PDCCH performance under different bandwidth
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Figure 6. PUCCH format1a performance under different bandwidth
We can see that reduction of maximum bandwidth from 10MHz to 1.4MHz results in 4dB~6dB performance degradation. 
Observation 4:  Reduction of maximum bandwidth results in coverage performance degradation on both DL and UL.
4 Conclusion

In this contribution, performance evaluations of bandwidth reduction and peak rate reduction for low cost MTC UEs are provided.   We can get some observations from the simulation results.

Observation 1:  bandwidth reduction has small impact on spectral efficiency on both DL and UL.

Observation 2:  Restricting maximum modulation order has greater impact on spectral efficiency on both DL and UL.  If maximum modulation order is restricted to QPSK, the cell spectral efficiency is reduced from 2.3 to 0.69 bit/s/Hz for DL and from 1.3 to 0.75 bit/s/Hz for UL.

Observation 3:  Restricting the number of PRBs in an assignment/grant has small impact on spectral efficiency on both DL and UL.
Observation 4:  Reduction of maximum bandwidth results in coverage performance degradation on both DL and UL.
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