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LLS results observations 
In this section and sub-sections it is assumed that “tolerate” means that SNR degradation < 2dB.	Comment by Schober, Karol: This to define "tolerate"

Timing error

Table 1 Timing error without sliding window. 
	Te
[us]
	OOK-1
30kHz SCS
	OOK-1
60kHz SCS
	OOK-1
120kHz SCS
	OOK-3


	SNR deg [dB]
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src

	1
	7
	0
	4
	0
	3
	0
	
	

	2
	7
	0
	6
	0
	1
	4
	1
	

	3
	1
	0
	1
	10
	0
	1
	1
	

	4
	8
	0
	3
	53	Comment by Schober, Karol: A bug, where script in some case did not always remove fail result, when other result from the other company passed
	0
	4
	1
	

	5
	1
	0
	
	
	
	
	
	

	10
	1
	1
	
	
	
	
	
	

	15
	0
	1
	
	
	
	
	
	

	20
	0
	1
	
	
	
	
	
	

	Sampling rate range
	0,96
	15,36
	1,12
	7,68
	1,12
	7,68
	30,72
	30,72

	Inner GB BW range, if applicable
	0
	180
	0
	0
	0
	0
	0
	0

	Total Source
	9
	6
	5
	1




	[bookmark: _Hlk142827898]Te
[us]
	OOK-2
M=2

	OOK-2
M=4
	OOK-4
M=2

	OOK-4
M=4

	OOK-4
M>4


	SNR deg [dB]
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src

	1
	6
	0
	7
	0
	6
	0
	6
	1
	1
	1

	2
	6
	0
	6
	1
	7
	1
	3
	6
	0
	1

	3
	1
	0
	1
	0
	1
	0
	1
	1
	0
	1

	4
	4
	2
	3
	3
	2
	5
	1
	6
	0
	1

	5
	
	
	
	
	1
	0
	0
	1
	0
	1

	10
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1

	15
	
	
	
	
	0
	1
	0
	1
	0
	1

	20
	
	
	
	
	0
	1
	0
	1
	0
	1

	Sampling 
rate range
	0,96
	15,36
	0,96
	15,36
	1,92
	15,36
	1,92
	15,36
	3,4
	7,68

	Inner GB BW range,
 if applicable
	120
	480
	120
	480
	0
	0
	0
	0
	0
	0

	Total Sources
	6
	7
	9
	9
	2




	Te
[us]
	FSK M=1
	FSK-1
M=2
	FSK-2
M=2
	OFDMA


	SNR deg [dB]
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src

	1
	5
	0
	4
	0
	7
	1 0
	2 1
	0

	2
	4
	1
	1
	3
	4
	3
	2 1
	0

	3
	1
	0
	1
	0
	2
	0
	
	

	4
	2
	3
	1
	3
	3
	4
	2 1
	1 0	Comment by Schober, Karol: Removed due to bug

	10
	0
	1
	0
	1
	0
	1
	
	

	Sampling
 rate range
	0,96
	8,64
	0,96
	8,64
	0,96
	15,36
	3,84
	7,68

	Inner GB BW range,
 if applicable
	0
	480
	180
	480
	0
	480
	0
	0

	Total Sources
	5
	4
	7
	2 1	Comment by Schober, Karol: VIVO withdrawing results




Table 2 Tolerance to timing error by waveform
	Waveform
	Tolerance up to timing error [us]
	Note

	OOK-1
30kHz SCS
	5
	

	OOK-1
60kHz SCS
	3
	

	OOK-1
120kHz SCS
	1
	

	OOK-3
	4
	single source

	OOK-2
M=2
	4
	

	OOK-2
M=4
	3
	

	OOK-4
M=2
	3
	

	OOK-4
M=4
	1
	one source shows that performance degrade more than 2dB for 1us, with assumption of TDL-C 1000ns, but degrades <2dB for 1us with assumption of TDL-C 300ns	Comment by Schober, Karol: Based on input from a company

	OOK-4
M>4
	1
	

	FSK M=1
	2
	

	FSK-1 M=2
	1
	

	FSK-2 M=2
	1/3
	· more sources showed tolerance up to 3us
· 1 source assumes frequency adjustment which may in fact cause frequency error

	OFDMA
	[2/]4
	· more sources  showed tolerance to up to 4us
1 source showed that OFDMA can be tolerant up to 4us



Observation 1-1: 
· From Table 2 the following can be concluded: 
· OOK/FSK waveform with longer time segment and with a single or multiple frequency segments is comparable (0 us) or more robust (up to 4us) to timing error than waveform with shorter time segment.  
· One source shows that without sliding window, OFDMA tolerates up to 4us timing error, when SCS <=30kHz, and receiver did not perform FFT.   


· FFS: More detail observations to further consider:

· (Increasing M in time; different # of time segment duration): Among OOK1 and OOK4 waveform series (M=1,2,…),  waveform with longer time segment (i.e., smaller M or smaller SCS) is more robust to timing error than waveform with shorter time segment (i.e., larger M or lager SCS).

· (Increasing M in frequency; different # of frequency segments): Among FSK-1, FSK-2, and OOK-2 waveform series (M=1,2,…), waveform with smaller number of frequency segments (i.e., smaller M) is more robust to timing error than waveform with larger number of frequency segments. 

· (For M=1, OOK family vs FSK family): Between OOK family and FSK family with M =1, e.g., {FSK-1 M=1, FSK-2 M=1}, and {OOK-1 SCS30kHz, OOK-2 M=1, OOK-4 M=1}, OOK family is more robust to timing error than FSK family.

· (For M=2, OOK family vs FSK family): Between OOK family and FSK family with M =2, e.g., {FSK-1 M=2, FSK-2 M=2}, and {OOK-1 SCS60kHz, OOK-2 M=2, OOK-4 M=2}, OOK family is more robust to timing error than FSK family.

· (For M=4, OOK family vs FSK family): No FSK with M=4 results reported. OOK family with M=4 results were reported. Among OOK-2 M=4 and OOK-4 M=4, OOK2 M=4 is more robust to timing error.

· (Within OOK family with same M): Among OOK family with the same M, OOK-2 is more robust to timing error than OOK-1 and OOK-4. OOK-1 and OOK-4 are equally robust to timing error for M=1,2,4.

· (Within FSK family with same M): Among FSK family with the same M, FSK-2 is more robust to timing error than FSK-1 for M=2. FSK-1 M=1 and FSK-2 M=1 are equally robust to timing error.



Table 3 Timing error with time sliding window
	Te
[us]
	OOK-1
30kHz SCS
	OOK-2
M=2
	OOK-2
M=4

	SNR deg [dB]
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src
	<2dB
#src
	>=2dB
#src

	1
	1
	0
	1
	0
	1
	0

	2
	1
	0
	1
	0
	1
	0

	4
	1
	0
	1
	0
	1
	0

	10
	1
	0
	1
	0
	1
	0

	Sampling rate range
	0,96
	7,68
	0,96
	7,68
	0,96
	7,68

	Inner GB BW range, if applicable
	180
	180
	180
	180
	180
	180

	Total Source
	1
	1
	1




	Te
[us]
	OFDMA


	SNR deg [dB]
	<2dB
#src
	>=2dB
#src

	1
	2
	0

	2
	4
	1 

	3
	0
	1 

	4
	2 
	10 

	10
	
	

	Sampling
 rate range
	3,84
	30,72

	Inner GB BW range,
 if applicable
	0
	0

	Total Sources
	6




Observation 1-2: 
From Table 3 the following can be concluded:
· For results in Table 3, tolerance to timing error varies with sliding window size assumed by a receiver and was shown to tolerate timing error up to 4us if proper sliding window size is assumed by a receiver.
Frequency error
	
Table 4 Frequency error robustness for different waveforms 
	Fe
[kHz]
	OOK-1
30kHz SCS
	Fe
[kHz]
	OOK-1
60kHz SCS
	Fe
[kHz]
	OOK-1
120kHz SCS
	Fe
[kHz]
	OOK-2
M=2

	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src

	2
	1
	0
	2
	1
	0
	2
	1
	0
	2
	1
	0

	2,6
	1
	0
	4
	1
	0
	4
	1
	0
	2,6
	1
	0

	4
	1
	0
	10
	1
	0
	10
	1
	0
	4
	1
	0

	5,2
	1
	0
	13
	2
	0
	20
	1
	0
	5,2
	1
	0

	10
	1
	0
	20
	1
	0
	26
	1
	0
	13
	3
	0

	13
	4
	0
	26
	1
	0
	40
	1
	0
	20
	1
	0

	20
	1
	0
	40
	1
	0
	100
	1
	0
	26
	2
	0

	26
	3
	0
	100
	1
	0
	200
	1
	0
	40
	1
	0

	40
	1
	0
	200
	1
	0
	260
	1
	0
	52
	1
	0

	100
	1
	0
	260
	1
	0
	300
	1
	0
	100
	1
	0

	130
	6
	0
	300
	2
	0
	400
	2
	0
	130
	4
	0

	200
	2
	0
	400
	1
	0
	
	
	
	200
	2
	0

	260
	5
	0
	
	
	
	
	
	
	260
	3
	0

	300
	1
	0
	
	
	
	
	
	
	300
	1
	0

	390
	1
	0
	
	
	
	
	
	
	400
	0
	1

	400
	2
	0
	
	
	
	
	
	
	520
	0
	2

	520
	4
	0
	
	
	
	
	
	
	600
	0
	1

	600
	1
	0
	
	
	
	
	
	
	800
	0
	1

	800
	1
	0
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range
	0,96
	15,36
	
	1,12
	4,32
	
	1,12
	4,32
	
	0,96
	15,36

	Inner GB BW 
range, if applicable
	0
	0
	
	0
	0
	
	0
	0
	
	120
	480

	# of sources 
with/wo time domain 
sliding window
	1/9
	
	0/5
	
	0/4
	
	1/6

	# of sources with/wo
 frequency adjustment
	0/10
	
	0/5
	
	0/4
	
	0/7




	Fe
[kHz]
	OOK-2
M=4

	Fe
[kHz]
	OOK=4
M=2
	Fe
[kHz]
	OOK=4
M=4

	Fe
[kHz]
	OOK=4
M>4


	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src

	2
	1
	0
	2
	1
	0
	2
	1
	0
	130
	1
	0

	2,6
	1
	0
	4
	1
	0
	4
	1
	0
	260
	2
	0

	4
	1
	0
	10
	1
	0
	7
	1
	0
	390
	1
	0

	5,2
	1
	0
	13
	3
	0
	10
	1
	0
	
	
	

	13
	3
	0
	20
	1
	0
	13
	1
	0
	
	
	

	20
	1
	0
	26
	2
	0
	20
	1
	0
	
	
	

	26
	3
	0
	32
	1
	0
	26
	2
	0
	
	
	

	40
	1
	0
	40
	2
	0
	40
	3
	0
	
	
	

	52
	1
	0
	100
	1
	0
	52
	1
	0
	
	
	

	100
	1
	0
	130
	5
	0
	100
	1
	0
	
	
	

	130
	3
	1
	200
	2
	0
	130
	5
	0
	
	
	

	200
	2
	0
	260
	4
	0
	200
	2
	0
	
	
	

	260
	0
	3
	300
	1
	0
	260
	3
	0
	
	
	

	300
	1
	0
	390
	1
	0
	390
	1
	0
	
	
	

	400
	1
	0
	400
	3
	0
	400
	3
	0
	
	
	

	520
	0
	2
	520
	3
	0
	520
	3
	0
	
	
	

	600
	1
	0
	600
	1
	0
	600
	1
	0
	
	
	

	800
	1
	0
	800
	1
	0
	800
	1
	0
	
	
	

	
	
	
	1200
	1
	0
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range
	0,96
	15,36
	
	1,92
	15,36
	
	1,92
	15,36
	
	3,4
	7,68

	Inner GB BW 
range, if applicable
	120
	480
	
	0
	0
	
	0
	0
	
	0
	0

	# of sources 
with/wo time domain 
sliding window
	1/7
	
	0/9
	
	0/10
	
	0/2

	# of sources with/wo
 frequency adjustment
	0/8
	
	0/9
	
	0/10
	
	0/2




	Fe
[kHz]
	FSK M=1
	Fe
[kHz]
	FSK-1
M=2
	Fe
[kHz] 

	FSK-2
M=2
	Fe
[kHz]
	OFDMA


	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src
	
	<2dB
#src
	>=2dB
#src

	2,6
	3
	0
	2,6
	1
	0
	2,6
	2
	0
	1,4
	1
	0

	5,2
	3
	0
	5,2
	2
	0
	5,2
	2
	0
	2
	1
	0

	13
	3
	0
	13
	2
	0
	13
	2
	0
	2,6
	2
	0

	26
	2
	0
	26
	2
	0
	26
	3
	0
	3,5
	1
	0

	32
	1
	0
	40
	1
	0
	40
	1
	0
	5,2
	2
	1

	40
	1
	0
	52
	1
	0
	130
	4
	0
	7
	1
	0

	52
	1
	0
	130
	2
	1
	200
	1
	0
	8
	2
	0

	130
	4
	0
	200
	0
	1
	260
	2
	2
	13
	1
	2

	200
	1
	0
	260
	1
	2
	400
	0
	1
	20
	1
	1

	260
	3
	0
	400
	0
	1
	520
	0
	1
	26
	3
	1

	300
	1
	0
	520
	0
	1
	600
	0
	1
	40
	0
	1

	400
	0
	1
	600
	0
	1
	800
	0
	1
	52
	1
	0

	520
	0
	2
	
	
	
	2,6
	2
	0
	100
	0
	1

	600
	0
	1
	
	
	
	
	
	
	200
	0
	1

	800
	0
	1
	
	
	
	
	
	
	300
	0
	1

	1200
	0
	1
	
	
	
	
	
	
	400
	0
	1

	
	
	
	
	
	
	
	
	
	1,4
	1
	0

	
	
	
	
	
	
	
	
	
	2	Comment by Schober, Karol: Copy paste error
	1
	0

	
	
	
	
	
	
	
	
	
	
	
	

	Sampling 
rate range
	0,96
	10
	
	0,96
	8,64
	
	0,96
	15,36
	
	3,84
	50

	Inner GB BW 
range, if applicable
	0
	480
	
	120
	480
	
	0
	480
	
	0
	0

	# of sources 
with/wo time domain 
sliding window
	1/5
	
	1/4
	
	1 / 6
	
	6/2

	# of sources with/wo
 frequency adjustment
	1/5
	
	1/4
	
	1/ 6
	
	0/8



	Fe
[kHz]
	OOK-3

	
	<2dB
#src
	>=2dB
#src

	9.984
	0 1	Comment by Schober, Karol: I double checked and in one case 3,84ppm result degrades <dB 
	0 1

	13
	0
	1

	
	
	

	Sampling 
rate range
	30,72

	30,72


	Inner GB BW 
range, if applicable
	0
	0

	# of sources 
with/wo time domain 
sliding window
	0 / 1

	# of sources with/wo
 frequency adjustment
	0/1




Frequency error tolerance for the waveform is captured by the following Table 5: 

Table 5 Frequency tolerance of waveforms
	Waveform
	Tolerance up to frequency error [kHz] 
	Note

	OOK-1
30kHz SCS
	800
	max simulated value

	OOK-1
60kHz SCS
	400
	max simulated value

	OOK-1
120kHz SCS
	400
	max simulated value

	OOK-3
	9.984
	one source result

	OOK-2
M=2
	300
	

	OOK-2
M=4
	200
	4 segment OOK-2 is less robust than 2 segment OOK-2 

	OOK-4
M=2
	1200
	max simulated value

	OOK-4
M=4
	800
	max simulated value

	OOK-4
M>4
	390
	max simulated value

	FSK M=1
	300
	two segments
one source assumes frequency adjustment which may cause frequency error

	FSK-1 M=2
	130
	four segments, and 2 is ON at given time
1 source assumes frequency adjustment which may cause frequency error

	FSK-2 M=2
	200
	four segments, but only 1 is ON
1 source assumes frequency adjustment which may cause frequency error

	OFDMA
	26
	



Observation 2-1: 
· Single frequency segment OOK/FSK-envelop-IF waveform is more robust to frequency error than OOK/FSK waveforms with multiple frequency segments (depending on guard-band size between segments) and both are more robust than OFDMA waveform without frequency compensation.  

· FFS: More detail observations to further consider:

· (Increasing M in time; different # of time segment duration): Among OOK-1 and OOK-4 waveform series (M=1,2,…),  waveform with longer time segment (i.e., smaller M or smaller SCS) is more robust to frequency error than waveform with shorter time segment (i.e., larger M or lager SCS).

· (Increasing M in frequency; different # of frequency segments): Among FSK-1, FSK-2, and OOK-2 waveform series (M=1,2,…), waveform with smaller number of frequency segments (i.e., smaller M) is more robust to frequency error than waveform with larger number of frequency segments.

· (For M=1, OOK family vs FSK family): Between OOK family and FSK family with M =1, e.g., {FSK-1 M=1, FSK-2 M=1}, and {OOK-1 SCS30kHz, OOK-2 M=1, OOK-4 M=1}, OOK family is more robust to frequency error than FSK family.

· (For M=2, OOK family vs FSK family): Between OOK family and FSK family with M =2, e.g., {FSK-1 M=2, FSK-2 M=2}, and {OOK-1 SCS60kHz, OOK-2 M=2, OOK-4 M=2}, OOK family is more robust to frequency error than FSK family.

· (For M=4, OOK family vs FSK family): No FSK with M=4 results reported. OOK family with M=4 results were reported. Among OOK-2 M=4 and OOK-4 M=4, OOK4 M=4 is more robust to frequency error.

· (Within OOK family with same M): For M=2 and 4, among OOK family with the same M, OOK-4 is more robust to frequency error than OOK-1 and OOK-2. For M=1, OOK-1 SCS30KHz, OOK-2 M=1, and OOK-4 M=4 are equally robust to frequency error. 

· (Within FSK family with same M): Among FSK family with the same M, FSK-2 is more robust to frequency error than FSK-1 for M=2. FSK-1 M=1 and FSK-2 M=1 are equally robust to timing error.



Spectral efficiency


Table 6 Spectral efficiency for different range and waveforms
	OOK-1 30kHz

	SNR Range [dB]
	SE median [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	0,003241
	0,003241
	0,003241
	0,003241
	1

	[-9, -3]
	0,003241
	0,003339
	0,003241
	0,003535
	3

	[-3, 3]
	0,003241
	0,00321
	0,00144
	0,006481
	11

	[3, 9]
	0,003241
	0,004028
	0,001389
	0,01037
	7

	[9, 50]
	0,013889
	0,016152
	0,008642
	0,025926
	3

	OOK-1 60kHz

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,00216
	0,00216
	0,00216
	0,00216
	1

	[-3, 3]
	0,004321
	0,004295
	0,000926
	0,006481
	6

	[3, 9]
	0,006481
	0,006327
	0,003241
	0,009259
	3

	[9, 50]
	NA
	
	
	
	0

	OOK-1 120kHz

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	NA
	
	
	
	0

	[-3, 3]
	0,007562
	0,007562
	0,006481
	0,008642
	2

	[3, 9]
	0,010802
	0,010802
	0,008642
	0,012963
	4

	[9, 50]
	0,012963
	0,012963
	0,012963
	0,012963
	1

	OOK-2 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,012963
	0,012963
	0,012963
	0,012963
	1

	[-3, 3]
	0,006481
	0,007562
	0,003241
	0,012963
	3

	[3, 9]
	0,00463
	0,004455
	0,00144
	0,006481
	5

	[9, 50]
	0,006481
	0,006481
	0,006481
	0,006481
	1

	OOK-2 M=4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	NA
	
	
	
	0

	[-3, 3]
	0,014583
	0,014583
	0,003241
	0,025926
	2

	[3, 9]
	0,012963
	0,012963
	0,012963
	0,012963
	2

	[9, 50]
	0,012037
	0,013014
	0,006481
	0,025926
	6

	OOK-4 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,002566
	0,004639
	0,000463
	0,012963
	4

	[-3, 3]
	0,004321
	0,004515
	0,00144
	0,006481
	9

	[3, 9]
	0,006481
	0,008025
	0,006481
	0,011111
	3

	[9, 50]
	NA
	
	
	
	0

	OOK-4 M=4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,004321
	0,007121
	0,000463
	0,025926
	6

	[-3, 3]
	0,011111
	0,010328
	0,000463
	0,025926
	9

	[3, 9]
	0,012037
	0,010976
	0,006481
	0,012963
	8

	[9, 50]
	0,019444
	0,019444
	0,012963
	0,025926
	2

	OOK-4 M>4

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,009722
	0,009722
	0,009722
	0,009722
	1

	[-3, 3]
	0,015394
	0,015394
	0,004861
	0,025926
	2

	[3, 9]
	0,021605
	0,021605
	0,017284
	0,025926
	2

	[9, 50]
	NA
	
	
	
	0

	FSK M=1

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,00054
	0,00054
	0,00054
	0,00054
	1

	[-3, 3]
	0,006481
	0,005401
	0,003241
	0,006481
	3

	[3, 9]
	0,005556
	0,005118
	0,002881
	0,006481
	4

	[9, 50]
	0,006481
	0,006481
	0,006481
	0,006481
	1

	FSK-1 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	NA
	
	
	
	0

	[-3, 3]
	NA
	
	
	
	0

	[3, 9]
	0,012963
	0,012963
	0,012963
	0,012963
	2

	[9, 50]
	0,012963
	0,016667
	0,011111
	0,025926
	3

	FSK-2 M=2

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	NA
	
	
	
	0

	[-9, -3]
	0,008102
	0,008102
	0,003241
	0,012963
	2

	[-3, 3]
	0,012963
	0,012963
	0,012963
	0,012963
	3

	[3, 9]
	0,011111
	0,010905
	0,008642
	0,012963
	3

	[9, 50]
	0,019444
	0,019444
	0,012963
	0,025926
	2

	OFDMA 

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	0,025926
	0,025926
	0,025926
	0,025926
	1

	[-9, -3]
	0,012963
	0,018426
	0,001768
	0,077778
	7

	[-3, 3]
	0,012626
	0,015788
	0,003241
	0,038889
	8

	[3, 9]
	0,012472
	0,020819
	0,006481
	0,051852
	4

	[9, 50]
	NA
	
	
	
	0

	OOK-3

	SNR Range [dB]
	SE 50% percentile [dB]
	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	#Sources [-]

	[-50, -9]
	
	
	
	
	

	[-9, -3]
	0.004
	0.004
	0.004
	0.004
	1

	[-3, 3]
	
	
	
	
	

	[3, 9]
	
	
	
	
	

	[9, 50]
	
	
	
	
	



Based on Table 5, typical ranged [-3,3] and [3,9] are selected to compare waveforms. Tables 6 and 8 are ordered by median and Tables 7 and 9 by mean. 

Table 7  Range [3,-3], waveforms sorted by median
	Range:[-3,3]
	OOK-4 M>4
	OOK-2 M=4
	FSK2 M=2
	OFDMA
	OOK-4 M=4
	OOK-1 120-SCS

	SE 50% percentile [b/s/Hz]
	0,015394
	0,014583
	0,012963
	0,012626
	0,011111
	0,007562

	SE average [b/s/Hz]
	0,015394
	0,014583
	0,012963
	0,015788
	0,010328
	0,007562

	SE Min [b/s/Hz]
	0,004861
	0,003241
	0,012963
	0,003241
	0,000463
	0,006481

	SE Max [b/s/Hz]
	0,025926
	0,025926
	0,012963
	0,038889
	0,025926
	0,008642

	#Sources [-]
	2
	2
	3
	8
	9
	2

	Range:[-3,3]
	OOK-2 M=2
	FSK M=1
	OOK-4 M=2
	OOK-1 60-SCS
	OOK-1 30-SCS
	FSK1 M=2

	SE 50% percentile [b/s/Hz]
	0,006481
	0,006481
	0,004321
	0,004321
	0,003241
	0

	SE average [b/s/Hz]
	0,007562
	0,005401
	0,004515
	0,004295
	0,003210
	0

	SE Min [b/s/Hz]
	0,003241
	0,003241
	0,001440
	0,000926
	0,001440
	0

	SE Max [b/s/Hz]
	0,012963
	0,006481
	0,006481
	0,006481
	0,006481
	0

	#Sources [-]
	3
	3
	9
	6
	11
	0



                   Table 8  Range [3,-3], Waveforms, sorted by mean
	Range:[-3,3]
	OFDMA
	OOK-4 M>4
	OOK-2 M=4
	FSK2 M=2
	OOK-4 M=4
	OOK-2 M=2

	SE 50% percentile [b/s/Hz]
	0,012626263
	0,015393519
	0,014583333
	0,012962963
	0,011111111
	0,006481481

	SE average [b/s/Hz]
	0,015788089
	0,015393519
	0,014583333
	0,012962963
	0,010328075
	0,007561728

	SE Min [b/s/Hz]
	0,003240741
	0,004861111
	0,003240741
	0,012962963
	0,000462963
	0,003240741

	SE Max [b/s/Hz]
	0,038888889
	0,025925926
	0,025925926
	0,012962963
	0,025925926
	0,012962963

	#Sources [-]
	8
	2
	2
	3
	9
	3

	Range:[-3,3]
	OOK-1 120-SCS
	FSK M=1
	OOK-4 M=2
	OOK-1 60-SCS
	OOK-1 30-SCS
	FSK1 M=2

	SE 50% percentile [b/s/Hz]
	0,007561728
	0,006481481
	0,004320988
	0,004320988
	0,003240741
	0

	SE average [b/s/Hz]
	0,007561728
	0,005401235
	0,004515318
	0,004295267
	0,003210344
	0

	SE Min [b/s/Hz]
	0,006481481
	0,003240741
	0,001440329
	0,000925926
	0,001440329
	0

	SE Max [b/s/Hz]
	0,008641975
	0,006481481
	0,006481481
	0,006481481
	0,006481481
	0

	#Sources [-]
	2
	3
	9
	6
	11
	0




Table 9 Range [3,9], waveforms sorted by median
	Range:[3,9]
	OOK-4 M>4
	FSK1 M=2
	OOK-2 M=4
	OFDMA
	OOK-4 M=4
	FSK2 M=2

	SE 50% percentile [b/s/Hz]
	0,021605
	0,012963
	0,012963
	0,012472
	0,012037
	0,011111

	SE average [b/s/Hz]
	0,021605
	0,012963
	0,012963
	0,020819
	0,010976
	0,010905

	SE Min [b/s/Hz]
	0,017284
	0,012963
	0,012963
	0,006481
	0,006481
	0,008642

	SE Max [b/s/Hz]
	0,025926
	0,012963
	0,012963
	0,051852
	0,012963
	0,012963

	#Sources [-]
	2
	2
	2
	4
	8
	3

	Range:[3,9]
	OOK-1 120-SCS
	OOK-4 M=2
	OOK-1 60-SCS
	FSK M=1
	OOK-2 M=2
	OOK-1 30-SCS

	SE 50% percentile [b/s/Hz]
	0,010802
	0,006481
	0,006481
	0,005556
	0,00463
	0,003241

	SE average [b/s/Hz]
	0,010802
	0,008025
	0,006327
	0,005118
	0,004455
	0,004028

	SE Min [b/s/Hz]
	0,008642
	0,006481
	0,003241
	0,002881
	0,00144
	0,001389

	SE Max [b/s/Hz]
	0,012963
	0,011111
	0,009259
	0,006481
	0,006481
	0,01037

	#Sources [-]
	4
	3
	3
	4
	5
	7



  
Table 10 Range [3,9], waveforms sorted by mean
	Range:[3,9]
	OOK-4 M>4
	OFDMA
	FSK1 M=2
	OOK-2 M=4
	OOK-4 M=4
	FSK2 M=2

	SE 50% percentile [b/s/Hz]
	0,021605
	0,012472
	0,012963
	0,012963
	0,012037
	0,011111

	SE average [b/s/Hz]
	0,021605
	0,020819
	0,012963
	0,012963
	0,010976
	0,010905

	SE Min [b/s/Hz]
	0,017284
	0,006481
	0,012963
	0,012963
	0,006481
	0,008642

	SE Max [b/s/Hz]
	0,025926
	0,051852
	0,012963
	0,012963
	0,012963
	0,012963

	#Sources [-]
	2
	4
	2
	2
	8
	3

	Range:[3,9]
	OOK-1 120-SCS
	OOK-4 M=2
	OOK-1 60-SCS
	FSK M=1
	OOK-2 M=2
	OOK-1 30-SCS

	SE 50% percentile [b/s/Hz]
	0,010802
	0,006481
	0,006481
	0,005556
	0,00463
	0,003241

	SE average [b/s/Hz]
	0,010802
	0,008025
	0,006327
	0,005118
	0,004455
	0,004028

	SE Min [b/s/Hz]
	0,008642
	0,006481
	0,003241
	0,002881
	0,00144
	0,001389

	SE Max [b/s/Hz]
	0,012963
	0,011111
	0,009259
	0,006481
	0,006481
	0,01037

	#Sources [-]
	4
	3
	3
	4
	5
	7




RSRP RRM measurement accuracy

Table 11 RSRP TDL-C channel RSRP accuracy
	Resource unit range
	1
	10
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	10
	3
	10
	3
	not achievable
	10
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	Te:2 Fe:0
	
	

	# samples
	1
	2
	1
	2
	1
	2
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	1,01
	
	
	
	
	
	
	

	Source
	ZTE, Sanechips
	
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	
	
	
	

	# samples
	1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	1,5
	0,8
	1,5
	0,8
	5
	2,3
	2,25
	

	Source
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	Futurewei

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:50
	Te:0 Fe:50
	Te:2 Fe:0
	Te:2 Fe:0
	Te:0 Fe:0
	

	# samples
	1
	2
	1
	2
	1
	2
	1
	

	
	
	
	
	
	
	
	
	

	Resource unit range 
	10
	20
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	7,4
	7,51
	7,58
	
	
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	1
	1
	1
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2
	2
	7
	3,5
	6,87
	7,07
	7,16
	1,38

	Source
	Ericsson
	Ericsson
	Ericsson
	Ericsson
	vivo
	vivo
	vivo
	ZTE, Sanechips

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0

	# samples
	3
	3
	3
	1
	1
	1
	1
	1

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	5,93
	6,12
	6,29
	0,78
	
	
	
	

	Source
	vivo
	vivo
	vivo
	ZTE, Sanechips
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0
	
	
	
	

	# samples
	1
	1
	1
	1
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-3 Y=->
	0,5
	0,5
	1,8
	
	
	
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:50
	Te:2 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Resource unit range
	20
	30
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,82
	5,39
	5,44
	
	
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	2,8
	4,93
	5,08
	5,15
	
	
	
	

	Source
	Ericsson
	vivo
	vivo
	vivo
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	2
	2
	2
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	4,27
	4,4
	4,58
	
	
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	2
	2
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Resource unit range
	30
	50
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	4,34
	4,41
	4,46
	
	
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	1,8
	4,05
	4,15
	4,23
	
	
	
	

	Source
	Ericsson
	vivo
	vivo
	vivo
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	

	# samples
	1
	3
	3
	3
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,51
	3,62
	3,75
	
	
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	
	
	

	# samples
	3
	3
	3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Resource unit range
	50
	70
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	X=-11 Y=->
	3,78
	3,36
	3,83
	3,37
	3,87
	3,48
	
	

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	
	

	# samples
	4
	5
	4
	5
	4
	5
	
	

	
	
	
	
	
	
	
	
	

	X=-9 Y=->
	3,53
	3,13
	3,6
	3,18
	3,65
	3,28
	0,57
	

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo
	ZTE, Sanechips

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	

	
	
	
	
	
	
	
	
	

	X=-6 Y=->
	3,05
	2,71
	3,14
	2,78
	3,27
	2,92
	0,32
	

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo
	ZTE, Sanechips

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	4
	5
	4
	5
	4
	5
	5
	

	
	
	
	
	
	
	
	
	




Observation 4-1:  
Given assumption: 
· Resource unit is defined as total resource used for measurement, i.e.   resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments considered are shown in the table. 
· TDL-C 300 channel
· X is SNR observed by LP-WUR. Corresponding SNR observed by MR depends on  e.g. NF difference between MR and LR

For OOK based LP-SS RSRP measurement accuracy (four sources)
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, two sources show 50-70 symbols spread over 4-5 periods of LP-SS are sufficient, one source shows 10-20 symbols spread over 1 period is sufficient.
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, less than 10 symbols spread over 1-2 periods is sufficient
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, two sources show 20-30 symbols spread over 4-5 periods of LP-SS are sufficient, one source shows that 10-20 symbols within 1 period is sufficient 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 20-30 symbols spread over 4-5 periods of LP-SS are sufficient. One source show 20-30 symbols spread over 4-5 periods of LP-SS are sufficient, one source shows that 10-20 symbols within 1 period is sufficient.


Table 12 RSRP AWGN channel RSRP accuracy
	Resource unit range
	1
	10
	
	
	

	X=-9 Y=->
	3
	2
	
	
	

	Source
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	
	
	

	# samples
	1
	2
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,81
	
	
	
	

	Source
	ZTE, Sanechips
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	1
	
	
	
	

	
	
	
	
	
	

	X=-3 Y=->
	0,75
	0,55
	
	
	

	Source
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	
	
	

	# samples
	1
	2
	
	
	

	
	
	
	
	
	

	Resource unit range
	10
	20
	
	
	

	
	
	
	
	
	

	X=-11 Y=->
	3,89
	4,25
	4,32
	
	

	Source
	vivo
	vivo
	vivo
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	

	# samples
	1
	1
	1
	
	

	
	
	
	
	
	

	X=-9 Y=->
	1,7
	2,22
	2,73
	2,78
	1,17

	Source
	Ericsson
	vivo
	vivo
	vivo
	ZTE, Sanechips

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0

	# samples
	3
	1
	1
	1
	1

	
	
	
	
	
	

	X=-6 Y=->
	1,15
	1,3
	1,33
	0,64
	

	Source
	vivo
	vivo
	vivo
	ZTE, Sanechips

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	Te:0 Fe:0
	

	# samples
	1
	1
	1
	1
	

	
	
	
	
	
	

	X=-3 Y=->
	0,5
	
	
	
	

	Source
	Ericsson
	
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	3
	
	
	
	

	
	
	
	
	
	

	Resource unit range
	20
	30
	
	
	

	
	
	
	
	
	

	X=-11 Y=->
	3,28
	3,21
	3,28
	
	

	Source
	vivo
	vivo
	vivo
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	

	# samples
	2
	2
	2
	
	

	
	
	
	
	
	

	Resource Range
	30
	50
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,38
	
	
	
	

	Source
	ZTE, Sanechips
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	

	
	
	
	
	
	

	Resource unit range
	50
	70
	
	
	

	
	
	
	
	
	

	X=-9 Y=->
	0,52
	
	
	
	

	Source
	ZTE, Sanechips
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	

	
	
	
	
	
	

	X=-6 Y=->
	0,3
	
	
	
	

	Source
	ZTE, Sanechips
	
	
	

	Impairment
	Te:0 Fe:0
	
	
	
	

	# samples
	5
	
	
	
	



Observation 4-2:  
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e.   resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· AWGN channel.

For OOK based LP-SS RSRP measurement accuracy (four sources), 
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=3dB, <10 OFDMA symbols over 1-3 periods are sufficient.
· at SNR X=-11, to achieve 90 % accuracy of measurement +-Y<=5dB, 10-20 OFDMA symbols over 1-3 periods are sufficient.



Table 13 RSRP SSS TDL-C
	Resource unit range
	0
	1
	
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	1,5
	1,85
	1,8
	
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,95
	1,25
	1,3
	1,6443
	1,7817
	2,2314

	Source
	Ericsson
	Ericsson
	Ericsson
	Mediatek
	Mediatek
	Mediatek

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2

	
	
	
	
	
	
	

	Resource unit range
	1
	2
	
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	1,2
	1,4
	1,3
	
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,7
	0,85
	0,9
	1,0021
	1,0608
	1,5672

	Source
	Ericsson
	Ericsson
	Ericsson
	Mediatek
	Mediatek
	Mediatek

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2

	
	
	
	
	
	
	

	Resource unit range
	2
	3
	
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	0,9
	1,1
	1,1
	
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,5
	0,65
	0,65
	
	
	

	Source
	Ericsson
	Ericsson
	Ericsson
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:10
	Te:2 Fe:0
	
	
	

	
	
	
	
	
	
	

	Resource unit range
	3
	4
	
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,6481
	0,7332
	1,2474
	
	
	

	Source
	Mediatek
	Mediatek
	Mediatek
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2
	
	
	

	
	
	
	
	
	
	

	Resource unit range
	4
	5
	
	
	
	

	
	
	
	
	
	
	

	X=-3 Y=->
	0,6195
	0,7151
	1,0843
	
	
	

	Source
	Mediatek
	Mediatek
	Mediatek
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:1
	Te:0 Fe:2
	
	
	

	
	
	
	
	
	
	




Observation 4-3:  
Given assumptions:
· Resource unit is defined as total resource used for measurement, i.e.   resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRP for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· Only TDL-C 300 results
 for SSS measurement accuracy (two source)
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient
· at SNR X=-3, to achieve 90 % accuracy of measurement +-Y<=3dB, 1 symbol is sufficient

RSRQ RRM measurement accuracy


Table 14 RSRQ measurement accuracy LP-SS, AWGN
	Resource unit range
	10
	20
	

	
	
	
	

	X=-11 Y=->
	3,87
	4,23
	4,3

	Source
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	X=-9 Y=->
	2,2
	2,35
	2,39

	Source
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	X=-6 Y=->
	1,13
	1,19
	1,21

	Source
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	1
	1
	1

	
	
	
	

	Resource unit range
	20
	30
	

	
	
	
	

	X=-11 Y=->
	2,93
	3,2
	3,26

	Source
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0

	# samples
	2
	2
	2

	
	
	
	




Observation 5-1:  
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e.   resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· AWGN channel
for LP-SS measurement accuracy (one source)
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 10-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 10-20 OFDMA symbols over 1 period are sufficient.
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 10-20 OFDMA symbols over 1-1 period are sufficient.	Comment by Schober, Karol: typo

Table 15 RSRQ measurement accuracy LP-SS, TDL-C
	Resource unit range
	10
	20
	
	
	
	

	
	
	
	
	
	
	

	X=-11 Y=->
	7,14
	7,27
	7,33
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	6,45
	6,67
	6,74
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	5,13
	5,35
	5,51
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	1
	1
	1
	
	
	

	
	
	
	
	
	
	

	Resource unit range
	20
	30
	
	
	
	

	
	
	
	
	
	
	

	X=-11 Y=->
	5,16
	5,23
	5,27
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	4,65
	4,81
	4,88
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	3,75
	3,89
	4,05
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	2
	2
	2
	
	
	

	
	
	
	
	
	
	

	Resource unit range
	30
	50
	
	
	
	

	
	
	
	
	
	
	

	X=-11 Y=->
	4,21
	4,29
	4,33
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	X=-9 Y=->
	3,84
	3,94
	4,02
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	X=-6 Y=->
	3,08
	3,22
	3,34
	
	
	

	Source
	vivo
	vivo
	vivo
	
	
	

	Impairment
	Te:0 Fe:0
	Te:0 Fe:200
	Te:4 Fe:0
	
	
	

	# samples
	3
	3
	3
	
	
	

	
	
	
	
	
	
	

	Resource unit range
	50
	70
	
	
	
	

	
	
	
	
	
	
	

	X=-11 Y=->
	3,68
	3,27
	3,72
	3,29
	3,77
	3,39

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5

	
	
	
	
	
	
	

	X=-9 Y=->
	3,35
	2,96
	3,43
	3,03
	3,47
	3,12

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5

	
	
	
	
	
	
	

	X=-6 Y=->
	2,69
	2,38
	2,81
	2,48
	2,94
	2,62

	Source
	vivo
	vivo
	vivo
	vivo
	vivo
	vivo

	Impairment
	Te:0 Fe:0
	Te:0 Fe:0
	Te:0 Fe:200
	Te:0 Fe:200
	Te:4 Fe:0
	Te:4 Fe:0

	# samples
	4
	5
	4
	5
	4
	5




Observation 5-2:  
Given assumptions: 
· Resource unit is defined as total resource used for measurement, i.e.   resource length [sym] * # of samples used for averaging.
· X is the SNR target for measurement, Y is the measurement accuracy (delta-RSRQ for 90% measurements) 
· Results are shown per each value of X in particular Resource unit range.
· Impairments and Sources are shown as well.
· TDL-C channel
for LP-SS measurement accuracy (one source)
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=3dB, 50-70 symbols over 4 periods are sufficient. 
· at SNR X=-6, to achieve 90 % accuracy of measurement +-Y<=5dB, 20-30 symbols over 2 periods are sufficient. 
· at SNR X=-9, to achieve 90 % accuracy of measurement +-Y<=5dB, 20-30 symbols over 2 periods are sufficient. 
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1

  LLS results   observations     In this section and sub - sections it is assumed that  “ tolerate ”   means that  SNR degradation < 2dB .     1.1   Tim ing   error     Table  1   Timing error without sliding   window.    

Te   [us]  OOK - 1   30kHz SCS  OOK - 1   60kHz SCS  OOK - 1   12 0 kHz SCS  OOK - 3    

SNR deg  [dB]  <2dB   #src  >=2dB   #src  <2dB   #src  >=2dB   #src  <2dB   #src  >=2dB   #src  <2dB   #src  >=2dB   #src  

1  7  0  4  0  3  0    

2  7  0  6  0  1  4  1   

3  1  0  1  1 0  0  1  1   

4  8  0  3  5 3  0  4  1   

5  1  0        

10  1  1        

15  0  1        

20  0  1        

Sampling  rate  range  0,96  15,36  1,12  7,68  1,12  7,68  30,72  30,72  

Inner GB  BW  range, if  applicable  0  180  0  0  0  0  0  0  

Total  Source  9  6  5  1  

   

Te  OOK - 2  OOK - 2  OOK - 4  OOK - 4  OOK - 4  

