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1 Introduction
This contribution provides a summary of simulation results for PUSCH transmission that have been presented at RAN1#80 by different companies, see references [3]–[17]. Only results which adhered to the simulation assumptions defined in [1] and [2] are presented in this tdoc.
2 Simulation assumptions
The detailed simulation assumptions can be found in [1] and [2]. No TDD results or ETU channel model results were submitted so this contribution contains results for FDD and the EPA 1Hz channel model only. A summary of the simulation assumptions are in the table below: 

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) bits

	Number of  RBs
	1 

	Frequency tracking error
	100 Hz 

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe and single subframe


Note: Some companies had frequency compensation within their simulation while others did not which resulted in differences in the residual frequency errors in the range of 0hz ->100Hz.
3 Simulation results

3.1 PUSCH Baseline

This section contains a summary of the baseline PUSCH simulation results submitted by companies (see [1] and [2] for simulation details). The following table summarises the results submitted: 

Table 2: Summary of PUSCH baseline results
	SINR dB 
(for 10%BLER)

	2.5 dB [3]

-2.5 dB [5]

3.4 dB [6]

2.8 dB [7]

2.8 dB [8]

0.0 dB [9]

2.4 dB [10]

2.5 dB [11]

0.5 dB [12]

3.0 dB [13]
2.5 dB [14]

2.5 dB [15]
3.4 dB* [17]

-0.4 dB** [4]
1.8 dB [18]


Note: no TDD results or ETU channel model results were submitted so this contribution contains results using the FDD and the EPA 1Hz channel model only.
Note: * this was not included in [17]
Note: ** this was not included in [4]

3.2 Cross SF Channel Estimation
This section contains a summary of the PUSCH simulation results submitted by companies which use cross subframe channel estimation to potential improve PUSCH performance (see [1] and [2] for simulation details). The following table summarises the results submitted: 
Table 3: Summary of PUSCH Cross SF Channel Estimation results
	Cov. Gain
	Cross-SF 
Ch. Est.
	Subframes
	Subframes
( Range, Ave)

	
	
	Source
	

	
	
	[3] [4] [5] [6] [7] [8] [9] [10] [12] [13] [15] [17][18]
	

	6
	1
	 8       4   4   6   4   5   12   6    8    5   5    6
	4-12,7

	
	4
	 4   6.7 4   4   4   4   5   6    6    4    4   4    
	4-7,5

	
	8
	 4       4       4   4   5   8              4   4    
	4-8,5

	12
	1
	57       23  32  54  28  34  105  94   64   31  25   38
	20-105,49

	
	4
	24   61  15      25  20  22  50   50   32   20  17   
	15-61,31

	
	8
	23       15  16  18  20  20  29        32   19  15   20
	15-32,21

	18
	1
	420      245 256 430 330 429 580 >256 >128  238 174  243
	174-580,263

	
	4
	160 840* 92      200 220 162 275  256 >128  113 86  
	840-86,139

	
	8
	155      75  100 128 180 111 210       128  88  68   99
	68-210,119


*- this value was excluded from the average.
3.3 DMRS Density Increase

This section contains a summary of the PUSCH simulation results submitted by companies which use DMRS Density Increases to potential improve PUSCH performance (see [1] and [2] for simulation details). The following table summarises the results submitted: 
	Cov. Gain
	Cross-SF

 Ch. Est.
	DMRS 

Density
	Subframes
	Average

Subframes 



	
	
	
	Source
	

	
	
	
	[3] [5] [7] [9] [11] [15] [17] [18]
	

	6
	1
	1X
	8   4    6   5   3    5   5      6
	6

	
	
	2X
	6   4    5   6   3    4   5      
	5

	
	
	4X
	5   6             
	

	
	4
	1X
	4   4    4   5        4   4
	5

	
	
	2X
	4   4    4   5        4   4
	5

	
	
	4X
	5   6    
	

	
	8
	1X
	4   4    4   5        4   4
4   4    4   5        4   4
5   6    
	5
5


	
	
	2X
	
	

	
	
	4X
	
	

	12
	1
	1X
	57  23   54  34  22   31  25     38
	36

	
	
	2X
	50  20   46  36  19   28  22     30
	32

	
	
	4X
	33  26    
	

	
	4
	1X
	24  15   25  22       20  17    
	21

	
	
	2X
	23  15   23  21       19  21
	21

	
	
	4X
	22  22    
	

	
	8
	1X
	23  15   18  20       19  15
	19

	
	
	2X
	22  15   18  20       18  15
	18

	
	
	4X
	18  21    
	

	18
	1
	1X
	420 245  430 429 207 238  175   243
	299

	
	
	2X
	400 170  260 303 159 183  136   195
	226

	
	
	4X
	260 182    
	

	
	4
	1X
	160  92  200 162     113  86
	136

	
	
	2X
	148  77  128 113     105  134
	118

	
	
	4X
	140 103    
	

	
	8
	1X
	155  75  128 111     88  68
	105

	
	
	2X
	140  69  110 106     86  130
	107

	
	
	4X
	120  91    
	


Note: A range and average was not calculated for DMRS 4X because only two companies ([3] & [5]) submitted DMRX X4 results.
3.4 Narrow band transmission (or UL PSD Boosting)

This section contains a summary of the PUSCH simulation results submitted by companies which use narrow band transmission (or UL PSD boosting) to potential improve PUSCH performance (see [1] and [2] for simulation details). The following table summarises the results submitted: 
	Cov. Gain
	Cross-SF Ch. Est.
	DMRS Density
	Sub-

carriers
	Subframes

Source

[3]                    [4]          [5]      [6]    [7]       [17]      [18]

	6
	1
	1X
	12,6,3,1
	8,8,8,8                     4,4,8,x             6,5,6,x      5,5,8,19    6,x,x,x

	
	
	2X
	12,6,3,1
	6,6,6,6                     4,4,8,x             5,4,4,x

	
	
	4X
	12,6,3,1
	5,5,5,5                     

	
	4
	1X
	12,6,3,1
	4,4,4,4      7,3,1.2,x      4,4,8,x             4,4,4,x     4,5,7,19

	
	
	2X
	12,6,3,1
	4,4,4,4                     4,4,8,x             4,4,4,x

	
	
	4X
	12,6,3,1
	5,5,5,5                     

	
	8
	1X
	12,6,3,1
	4,4,4,4                     4,4,8,x             4,4,4,x     4,5,7,19

	
	
	2X
	12,6,3,1
	4,4,4,4                     4,4,8,x             4,4,4,x

	
	
	4X
	12,6,3,1
	5,5,5,5                     

	12
	1
	1X
	12,6,3,1
	57,55,50,48                 23,26,32,x          54,50,53,x  25,25,27,37   38,40,40,x

	
	
	2X
	12,6,3,1
	50,50,44,44                 28,22,20,x          46,40,37,x 

	
	
	4X
	12,6,3,1
	33,30,30,26                 

	
	4
	1X
	12,6,3,1
	24,24,22,20  61,21,7,25,x  15,16,20,x  x,x,28,x 25,16,22,x   17,17,18,27 

	
	
	2X
	12,6,3,1
	23,23,22,20                15,16,20,x           23,16,18,x

	
	
	4X
	12,6,3,1
	22,20,16,16                      

	
	8
	1X
	12,6,3,1
	23,20,20,20                15,20,20,x           18,16,16,x   15,15,17,24   20,18,24,x

	
	
	2X
	12,6,3,1
	22,22,20,20                15,16,20,x           18,16,16,x                 x,20,x,x 

	
	
	4X
	12,6,3,1
	18,18,18,18                      

	18
	1
	1X
	12,6,3,1
	420,418,416,414                245,268,328,x          300,260,250,x 174,176,178,198 243,256,268,x

	
	
	2X
	12,6,3,1
	400,360,345,340                170,176,224,x          260,240,242,x                

	
	
	4X
	12,6,3,1
	260,248,240,216                      

	
	4
	1X
	12,6,3,1
	160,158,156,156  840,470,300,x 92,100,112,x           200,110,160,x   86,83,85,89    x,96,96,x

	
	
	2X
	12,6,3,1
	148,140,136,132                78,96,100,x            128,128,130,x

	
	
	4X
	12,6,3,1
	140,105,112,96                     

	
	8
	1X
	12,6,3,1
	155,128,120,110                75,84,84,x  256,x,64,x 128,128,128,x   68,64,64,73   99,96,96,x

	
	
	2X
	12,6,3,1
	140,116,110,90                 69,70,80,x             110,110,110,x                    x,92,x,x

	
	
	4X
	12,6,3,1
	140,96,94,85                      


Sources [6] and [18] also provided a combination of frequency hopping and narrow band transmission PUSCH performance shown below:
	Cov. Gain
	Cross-SF Ch. Est.
	Frequency Hopping
	Narrowband Transmission
	Repetitions 

Source [6]               Source [18]

	12
	4


	Hopping BW: 50 PRB 

Hopping time: 4 SF
	3 subcarriers
	(16x4=) 64                              x                              

	
	8
	Hopping BW: 50 PRB 

Hopping time: 8 SF
	3 subcarriers
	x                        (3x4 =) 12

	
	
	
	6 subcarriers
	x                         (6x2=) 12

	18
	8
	Hopping BW: 50 PRB

Hopping time: 8 SF
	3 subcarriers
	(32x4=) 128               (21x4 =) 84

	
	
	
	6 subcarriers
	x                          (42x2 =) 84          


3.5 Frequency Hopping

This section contains a summary of the PUSCH simulation results submitted by companies which use frequency hopping to potential improve PUSCH performance (see [1] and [2] for simulation details). The following table summarises the results submitted: 
	Cov.

Enh.
	Cross-SF Ch. Est.
	Hopping BW (PRBs)
	Hopping 

Interval (SF)
	Subframes

Source

[5]                      [11]                     [13]                     [14]                           [17]                   [18]

	6
	1
	6
	0,1,4,8
	4,4,4,4      3,x,3,x,x     8,8,x,x        5,5,x,x       

	
	
	50
	0,1,4,8
	4,4,4,4                    8,4,x,x        5,6,5,5          5,3,4,4    6,x,x,x

	
	4
	6
	0,4,8
	                                 

	
	
	50
	0,4,8
	                                          x,5,x,x         4,3,4

	
	8
	6
	0,8
	

	
	
	50
	0,8
	                                          x,4,x           4,4

	12
	1
	6
	0,1,4,8
	23,23,23,23  22,x,21,x,x   64,64,x,x     31,30,x,x     

	
	
	50
	0,1,4,8
	23,22,21,21                64,32,x,x     31,36,19,23      25,12,13,17 38,x,18,18

	
	4
	6
	0,4,8
	                                

	
	
	50
	0,4,8
	                           32,16,x,x      x,16,x,x        17,11,12   

	
	8
	6
	0,8
	

	
	
	50
	0,8
	                           32,16          x,15            15,12

	18
	1
	6
	0,1,4,8
	245,250,253  207,x,191,x   >128,>128,x,x  238,230,x,x

	
	
	50
	0,1,4,8
	245,227,225                >128,>128,x,x  238,309,166,158 174,84,86,86  243,x,158,158

	
	4
	6
	0,4,8
	

	
	
	50
	0,4,8
	                           >128,128,x    x,121,x          86,58,53

	
	8
	6
	0,8
	

	
	
	50
	0,8
	                           >128,64-128    x,103           68,51          99,80


Note:  Hopping internal “0”  => no hopping
[14] assumed 350us retune time, other contributions assumed 0us retune time.

[5] [17] simulated hopping interval of 16 SFs but since no other companies simulated this, it was not include in the table above.
3.6 CDMA
One company [16] submitted CDMA results so a summary is not needed (see [16] to review results).
3.7 PUCCH structure
One company [10] submitted PUCCH results so a summary is not needed (see [10] to review results).
3.8 Shorter CRC
One company [7] submitted shorter CRC results so a summary is not needed (see [7] to review results).
4 Possible Observations

A list of possible observations based on the PUSCH contributions is listed below. It shall be noted that the list below is the view of Sierra Wireless and more discussions maybe needed to agree on these observations. 
	Possible Observations

	In some cases, the results have a higher than expected variation. This may be due to the differences in residual frequency offset (0-100Hz) which companies assumed and/or due to the difference in symbol timing (some companies had perfect symbol timing others used realistic symbol timing).

	Cross SF channel estimation averaging is the most effective method to reduce the number of PUSCH repeats necessary however the effectiveness is reduced above 4SF.

	For 18db gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DMRS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DMRS had no effect.

	All the results show, the sub-PRB narrow band method can increase PUSCH capacity if the other subcarriers are utilized by other UEs.

	The simulation results for the sub-PRB narrow band method are inconsistent but in general at low SINRS, the results show only a margin decrease in the number of PUSCH repeats necessary.

	The simulation results show that frequency hopping within 6PRB is not effective method to reduce PUSCH repeats.

	5 of 6 companies’ results show that frequency hopping at low SINRs over 50 PRBs can reduce the number of PUSCH repeats.  
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