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1. Introduction
In the last RAN1#72 meeting, we analyzed the feasibility and impact of achieving 20dB coverage improvement via time domain repetition and provided some initial evaluation results in [1]. During the meeting, some agreements on simulation assumptions for PDSCH and PUSCH were reached in [2]. In this contribution, we provide our further evaluation results for these two data channels based on the assumptions above and give our analysis. 
2. Performance of PDSCH with time domain repetition
Link level performance of PDSCH with 
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times repetition using different channel estimation methods are shown in Figure 1. The detailed simulation assumptions are listed in Table 1 in Appendix. For realistic multiple subframes channel estimation, a first order low-pass filter is applied across two consecutive transmissions.
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Figure 1 . Performance of PDSCH with different repetition times
From the evaluation results, it is shown that multiple subframes channel estimation can bring about 3.8dB gain compared with one subframe channel estimation for 73 times repetition. However, it is still much worse than ideal channel estimation.

Observation 1: Channel estimation performance is essential for PDSCH performance. 
In addition, it is observed that the required SINR to achieve 10% iBLER with 160 times repetition using realistic multiple subframes channel estimation is about -26.9dB. It is obvious that 160 times repetiton transmission has achieved the minimum required SINR target, i.e. -25.3dB for TDD. 
Observation 2: 160 times repetition using realistic multiple subframes channel estimation can achieve the minimum required SINR target for TDD.
For downlink, the data rate should not be a problem since the eNodeB can allocate more REs and/or power to the UE to achieve higher data rate. However, the cell spectral efficiency degrades with so many times repetition. The spectral efficiency degradation equals 
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where 
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is the percentage of UEs in bad locations and 
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 is the repetition or transmission times. For example, for PDSCH, the spectral efficiency degradation is 96.95% assuming 20% UEs are in bad locations and 
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equals 160.
Observation 3: The DL cell spectral efficiency sharply degrades.
3. Performance of PUSCH with time domain repetition

Link level performance of PUSCH with 
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times repetition using different channel estimation methods are shown in Figure 2. The detailed simulation assumptions are listed in Table 2 in Appendix.  For realistic multiple subframes channel estimation, a first order low-pass filter is applied across two consecutive transmissions.
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Figure 2.  Performance of PUSCH with different repetition times

Similar as PDSCH, channel estimation performance significantly impacts the PUSCH performance. 
Observation 4: Channel estimation performance is essential for PUSCH performance. 
In our simulation, 1 PRB is assumed for PUSCH transmission. The minimum required SINR for TDD agreed in [2] is -30.3dB which is derived from Table 5.2.1.2-3 in TR36.888 where 2 PRBs are used for PUSCH. If the number of PRBs is reduced to 1, the required SINR shall be 3dB higher due to lower noise power, i.e. -27.3dB. 

It is observed that the required SINR to achieve 10% iBLER with 210 times repetition transmission and TBS=56 is about -26.8dB. It is quite close to the minimum required SINR target for TDD. 
Observation 5: 210 times repetition with TBS=56 and 1PRB using realistic multiple subframes channel estimation can almost achieve the minimum required SINR target for TDD.
The TBS is selected to satisfy the required data rate agreed in [3]. With the assumption of TDD UL-DL configuration 0, the data rate achieved is about 
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kbps, which can satisfy the traffic requirement (
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Observation 6: TBS=52 can satisfy the required UL data rate for low-cost MTC UEs.
The cell spectral efficiency also sharply degrades, for example, the spectral efficiency degradation is 97.66% assuming 20% UEs are in bad locations and 
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equals 210.
Observation 7: The UL cell spectral efficiency sharply degrades.
4. Conclusion

In this contribution, we provide our further evaluation results of PDSCH and PUSCH for coverage improvement based on the agreed assumptions and have the following observations:
Observation 1: Channel estimation performance is essential for PDSCH performance. 
Observation 2: 160 times repetition using realistic multiple subframes channel estimation can achieve the minimum required SINR target for TDD.

Observation 3: The DL cell spectral efficiency sharply degrades.
Observation 4: Channel estimation performance is essential for PUSCH performance. 
Observation 5: 210 times repetition with TBS=56 and 1PRB using realistic multiple subframes channel estimation can almost achieve the minimum required SINR target for TDD.
Observation 6: TBS=52 can satisfy the required UL data rate for low-cost MTC UEs.

Observation 7: The UL cell spectral efficiency sharply degrades.
Based on the above observations, we have the following proposals:
Proposal１: Adopt time domain repetition to improve PDSCH and PUSCH coverage as long as the cell spectral efficiency degradation is acceptable.

Proposal 2: The evaluation results for PDSCH and PUSCH in this contribution can be captured in TR 36.888.
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Appendix
Table 1． Simulation assumptions on PDSCH

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	UL-DL configuration
	0

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	8x2, low correlation for TDD for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

	Number of DL RBs
	6 

	Transmission mode
	TM2

	Frequency tracking error
	100Hz 

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation & ideal channel estimation & one subframe channel estimation 

	The minimum required SINR
	-25.3 dB for TDD

	Output
	The amount of repetitions and spectrum efficiency as well as other techniques to achieve performance target at the minimum required SINR


Table 2． Simulation assumptions on PUSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	TDD

	UL-DL configuration
	0

	Carrier frequency
	2.6GHz for TDD

	Antenna configuration
	1x8, low correlation for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	TBS
	20, 24, 56

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz 

	Performance target
	10% iBLER

	Channel estimation
	Realistic multiple subframes channel estimation & ideal channel estimation & one subframe channel estimation

	The minimum required SINR
	-30.3 dB for TDD

	Output
	The amount of repetitions and spectrum efficiency as well as other techniques to achieve performance target at the minimum required SINR
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