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Introduction
This document summarizes the PUSCH performance results from submitted Tdocs on RAN81. 
Cross-SF Channel Estimation
One of the CE techniques for PUSCH was agreed to be cross-SF channel estimation. As noted in [1,2,4,6,7,8,10,11], using more than 3 or 4 SFs for channel estimation was not recommended due to its destructive effect on averaging when residual CFO is large (e.g. >=100Hz).
Observation 1: When the residual eNB CFO is >=100Hz, the maximum number of SFs for cross-SF channel estimation should be at most 4 subframes.
Performance of increased DMRS density 
[bookmark: _Ref403170895]Table 1 contains the simulation assumptions used in tdocs [1-9] that are summarized in table 2. Detailed assumptions can be found in [13, 14]. 
Table 1: Parameters used in PUSCH link simulations
	Parameter
	Value in PUSCH simulations

	System bandwidth
	10 MHz 

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1 

	Channel model
	EPA

	Doppler spread
	1 Hz 

	Transport block size
	MCS5 (72 bits)

	Number of  RBs
	1 

	Residual CFO
	100 Hz, or uniformly distributed in [0-100] Hz. 
(Ref. [2] shows that the performance is similar in both cases.)

	Frequency Hopping
	Enabled, Interval=8

	Performance target
	10% BLER at 18dB CE (MCL=155.7dB)

	Channel estimation
	Realistic cross-subframe (1-4)



Increasing the DMRS density by a factor of 2 has been simulated in [1-9] and Table 2 below provides a summary of the numerical results reported in these tdocs. 
	Company
	#SFs used for x-SF Channel Estimation
	Reduction of 
repeats % or 
[SNR gain]

	CATT[6]
NEC[7]
Nokia Networks [1]
Average 
	1
1
2
1-2
	17.6%
23.1%
*10.5% [0.7dB]
17.1%

	Sierra Wireless [8]
Samsung [9]
Intel [2] 
Panasonic [3]
NTT DOCOMO [4]
Interdigital [5]
CATT [6]
NEC [7]
Average
	3
3
4
4
4
4
4
4
3-4
	7.7%
~10%
*15%  [1.0dB]
*12% [0.8dB]
*9% [0.6dB]
*7.5% [0.5dB]
14.1%
7.1%
10.3%


Table 2 Summary of PUSCH results for DMRSx2 density increase 
* Assuming 1dB SNR gain =15% repeat reduction
Observation 2: Based on 8 company’s simulation results, at the highest coverage enhancement level (18 dB),  when residual eNB CFO=100Hz, and when 3-4 cross SF channel estimation is use, doubling the DMRS density in PUSCH provides an average 10.3% reduction in repeats.
Longer TTI for PUSCH 
One company submitted results which considered resource mapping across multiple TTIs (See [15]).
[bookmark: _GoBack]Observation 3:  One company's results show that resource mapping across multiple TTIs can reduce the total number of required repetitions for larger packets.

Conclusions
Observation 1: When the residual eNB CFO is >=100Hz, the maximum number of SFs for cross-SF channel estimation should be at most 4 subframes.
Observation 2: Based on 8 company’s simulation results, at the highest coverage enhancement level (18 dB),  when residual eNB CFO=100Hz, and when 3-4 cross SF channel estimation is use, doubling the DMRS density in PUSCH provides an average 10.3% reduction in repeats.
Observation 3:  One company's results show that resource mapping across multiple TTIs can reduce the total number of required repetitions for larger packets.
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