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1 Introduction

In RAN1 #71 meeting, simulation assumptions on synchronization and data channel were discussed offline with some agreements achieved in the subsequent email discussion. Based on these assumptions, we provide simulation results in this contribution. In addition, the analysis of system spectral efficiency when repetitions are used to boost coverage is included.
2 Discussion

As stated in [1], reliable DL synchronization is very important for acquiring system information and subsequent processing. In order to improve synchronization channel coverage, a straightforward solution is to accumulate energy by combining PSS or SSS multiple times. In the last meeting, we provided the simulation results without Doppler shift and frequency error. After email discussion, it seems reasonable to set the Doppler shift to 1Hz or 2Hz and frequency error as 1 kHz or 20 kHz. In this contribution, we assume UE could pre-estimate and compensate the frequency error with 1K Hz step in initial synchronization process, so 1 kHz is set as simulation assumptions, which are presented in the Appendix.
Regarding data channel, repetition is a potential way to improve data channel coverage, and the repetition gains were presented in [1] without including frequency error. After email discussion, 100Hz or 20Hz can be considered as a starting point to evaluate the impact on demodulation performance. The frequency error here means frequency tracking error. In this contribution, we select 100Hz as frequency error considering the worst case in low SNR region. For PDSCH, we assume the bandwidth is 1.4MHz and 6PRBs are used for transmission, which means all RBs are allocated for transmission. For PUSCH, 10MHz bandwidth and 1PRB are configured. Detailed simulation assumptions for both PDSCH and PUSCH are listed in appendix.
The impacts of the proposed concepts to system spectral efficiency (SE) would be needed to evaluate. We present SE evaluation when repetitions are used to boost coverage. 
2.1 Evaluation and analysis of the synchronization channel
The simulation assumptions for the synchronization channel are listed in Table 1 and the simulation results are presented in Figure 1. This simulation evaluates the gain possible with accumulations of multiple PSS/SSS. The detection procedure used in the simulation can refer to [1]. From Figure 1, 32 combined transmissions have a simulated gain of 10.5dB, which is 4.5dB less than the theoretical value of 15dB. One trend in the figure is that the gap between evaluated gains and theoretical gains is enlarged as the number of combined transmissions increases. That means much more time is required when synchronization channel needs a large amount of coverage improvement. 
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Figure 1. Performance of synchronization channel
Observation 1: The gap between evaluated gains and theoretical gains is enlarged as the number of combined transmissions increases.
2.2 Evaluation and analysis of the data channel 
This section shows the simulation results for PDSCH and PUSCH based on the simulation assumptions in Table 2 and Table 3, respectively. 
In these simulations, with a theoretical 
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 dB improvement for n transmissions, 100 transmissions could compensate 20dB coverage loss. According to [2], the compensation values for PDSCH and PUSCH are 15.3dB and 20dB respectively; implying that the theoretical number of transmissions is 34 and 100, respectively.
Simulation results for PDSCH are shown in Figure 2. For PDSCH, a Wiener filter algorithm is used for channel estimation within one subframe and first order low-pass filter is applied across two consecutive subframes due to the slow time varying channel. From Figure 2, it can be observed that, for one transmission, the SINRs at 0.1 BLER are about -5.57dB without frequency error (the solid red curve) and -5.42dB with 100Hz frequency error (the dashed red curve). For 34 transmissions, the results are -18.47dB without frequency error (the solid green curve) and -18.32dB with 100Hz frequency error (the dashed green curve) respectively. Obviously, 34 transmissions obtain 12.9dB repetition gains rather than 15.3dB due to inaccurate channel estimation at very low SINR region. If the number of transmissions is increased to 90, 15.47 dB repetition gains can be achieved in the case of 100Hz frequency error. 
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Figure 2. Performance evaluation for PDSCH 
Simulation results for PUSCH are shown in Figure 3. For PUSCH, a DFT filter algorithm is used for channel estimation within one subframe and first order low-pass filter is applied across two consecutive subframes due to the slow time varying channel.  As shown in Figure 3, for one transmission, the SINRs at 0.1 BLER are -2.6dB without frequency error (the solid red curve) and -2.4dB with 100Hz frequency error (the dashed red curve). For 100 transmissions, the results are -19.5dB (the solid blue curve) and -19.3dB (the dashed blue curve), respectively. It can be seen that 16.9dB repetition gains is achieved by 100 transmissions. When the amount of transmission is increased to 300, 20dB coverage compensation can be achieved, which is shown by the green curves.
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Figure 3. Performance evaluation for PUSCH
From above simulation results, it can be observed that in the case of 1Hz Doppler frequency shift and 100Hz frequency error, the repetition technique can be used to improve the coverage, and the 100Hz frequency error has very little impact on the repetition gain. Because of inaccurate channel estimation at very low SINR region degrades repetition gains, more repetitions are needed to achieve the target compensation.
Observation 2: In the case of 1Hz Doppler shift and 100Hz frequency error, the repetition technique can be used to improve coverage. 100Hz frequency error has slight impact on the repetition gains. More repetitions would be needed to achieve the target compensation value at low SINR region.

2.3 Evaluation on spectral efficiency
It was proposed in [3] that the study should identify techniques for coverage improvement along with analysis of the impact to system spectral efficiency (SE), considering that a relatively small proportion of traffic requires coverage improvement and that traffic can be scheduled at quiet times [4], where quiet times could be deemed as a specific period during which normal LTE UEs would not be served. 
Some concepts for coverage improvement were proposed in the last meeting and approved to be studied [5], and some solutions for boosting coverage are also analyzed per physical channels and signals in [6]. Based on analyzing the concepts for boosting coverage, it is expected that repetition, retransmission, spreading, or low rate coding would lead to SE degradation. However, the extent of SE degradation is different depending on which concept is used. With repetition as an example, which is expected to have the worst impact, a procedure for analyzing the effect to SE is described. 

Assuming the packet size for a UL report is 1000 bits [2] and MCS index 0 [7] is used for each transmission in order for good performance, 36 PRB pairs would be needed for this transport block (TB) of 1000 bits. With a 20MHz bandwidth (110 PRB pairs) carrier, at most 108 PRB pairs can be available for PUSCH when PUCCH is also transmitted in the subframe. Thus, in theory 
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 reports can be transmitted successfully in five-minute quiet time if 0 percent of MTC UEs need coverage enhancement. Assuming that about 
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 dB gain could be obtained from 
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 transmissions (repetitions), 20dB of coverage improvement would need 100 transmissions. As a result, only 9,000 reports would be transmitted successfully if all MTC UEs need 20dB coverage enhancement. 

From the simulation results of PUSCH performance evaluation, more transmissions (up to 300) would be needed to compensate for the 20dB coverage loss due to the non-ideal channel impact. Considering there is usually 0.1 iBLER (BLER for initial transmission) allowable for data channels, thus, 
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 reports could be transmitted successfully when 0% and 100% of MTC UEs need 20dB coverage improvement, respectively.
By such calculations, the numbers of reports transmitted successfully can be determined for different percentages of UEs needing 20dB coverage enhancement. As  REF _Ref346140630 \h 
 shows, if 20% of MTC UEs need 20dB coverage improvement and the remaining UEs do not need improvement, there would be 
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 reports in theory, and 
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by simulations. 
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Figure 4. SE evaluation in terms of number of reports in a unit quiet time

From the rough SE evaluation in Figure 4 REF _Ref346140630 \h 
, even if 50% of MTC UEs need 20dB coverage improvement, the number of reports is much larger than the number of devices in a cell [8]. It leads to an observation as below:
Observation 3: Coverage improvement with target up to 20dB could be considered to be conducted by repetitions at least in five-minute quiet time.
3 Conclusion
In the contribution, we presented the performance evaluation and analysis on the synchronization channel and the data channel, as well as system spectral efficiency evaluation when repetitions are used to boost coverage. Based on simulation results and analysis, the followings could be observed:
Observation 1: The gap between evaluated gains and theoretical gains is enlarged as the number of combined transmissions increases.
Observation 2: In the case of 1Hz Doppler shift and 100Hz frequency error, the repetition technique can be used to improve coverage. 100Hz frequency error has slight impact on the repetition gains. More repetitions would be needed to achieve the target compensation value at low SINR region.

Observation 3: Coverage improvement with target up to 20dB could be considered to be conducted by repetitions at least in five-minute quiet time.
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Appendix
Table 1. Simulation assumptions for SCH evaluation
	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	1kHz

	Performance target
	10% miss probability

	
	


Table 2. Simulation assumptions on PDSCH for repetition
	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	MCS
	0

	Number of DL RBs
	6 

	Transmission mode
	TM2

	Frequency error
	100Hz

	Performance target
	10% iBLER


Table 3. Simulation assumptions on PUSCH for repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	MCS
	0

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency error
	100Hz

	Performance target
	10% iBLER
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