Page 1



3GPP TSG-SA WG4 Meeting #85 
S4-151167
Kobe, Japan, 24-28 August, 2015
	CR-Form-v11.1

	CHANGE REQUEST

	

	
	26.952
	CR
	0003
	rev
	-
	Current version:
	12.2.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	


	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	
	Core Network
	X


	

	Title:

	Corrections to the Complexity and Delay Analysis

	
	

	Source to WG:
	Huawei Technologies Co. Ltd, Fraunhofer IIS, Qualcomm Incorporated, VoiceAge, ZTE Corporation


	Source to TSG:
	S4

	
	

	Work item code:
	EVS_Codec
	
	Date:
	2015-08-26

	
	
	
	
	

	Category:
	F
	
	Release:
	Rel-12

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Rel-8
(Release 8)
Rel-9
(Release 9)
Rel-10
(Release 10)
Rel-11
(Release 11)
Rel-12
(Release 12)
Rel-13
(Release 13)
Rel-14
(Release 14)

	
	

	Reason for change:
	Following a review of the text, it is clear that the current text of 26.952 on complexity has been affected by recent software corrections to the algorithm. It also presents an overly pessimistic assessment of the complexity of EVS which varies significantly with coded bandwidth and sample rate.

	
	

	Summary of change:
	Update and clarify the current assumptions regarding the worst case codec complexity and provide additional information about the complexity and how it changes with coded bandwidth and sample rate of operation.

	
	

	Consequences if not approved:
	The precise worst case complexity will be incorrect and there will continue to be misconceptions about the complexity of the EVS codec.

	
	

	Clauses affected:
	13.2

	
	

	
	Y
	N
	
	

	Other specs
	
	X
	 Other core specifications

	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


13.2
Complexity and Delay Analysis

With all features supported and measured according to EVS-8b, the worst case complexity of the coder is 87.97 WMOPS which splits up to 56.25 WMOPS for encoder (24.4 kbit/s SWB with DTX on) and 31.72 WMOPS for decoder (9.6 kbit/s SWB with DTX on, FER=30%). The coder uses 149 kW of RAM (with no JBM included), 147 kW of ROM, and 114500 program instructions. 

The JBM solution was measured to consume 18 WMOPS and 49 kW RAM. 
The computational complexity and program ROM (PROM) were measured with ITU-T STL2009 [27]. RAM and ROM are reported using 16 bit word-size.
Typical, or mean, and maximum complexity figures for the various sample rates and coded bandwidths of operation have been further analysed and are provided in Tables 13.2a and 13.2b. In these tables, as in the above analysis, the complexity has been analysed on a per-audio-frame basis and the means and maxima collected. The source file comprised 8.5minutes of mixed speech and music. 
The figures in Table 13.2a are calculated using the mean of the per-audio-frame complexity over the whole file. They represent the highest values of the mean complexity when comparing all of the available bit rates for the given bandwidth and sample rate. In the case of the balanced combined figures, the bit rate is identical for the encoder and decoder. In the worst/worst combined figures the complexity of the most complex encoder bit rate is added to that of the most complex decoder bit rate, even though this combination might not occur in actual use. 

In both Tables 13.2a and 13.2b, the bold figures represent the complexities for the native (i.e. minimum appropriate) sample rates for each coded bandwidth.
Table 13.2a: Highest values of the mean complexity for different sample rates and coded bandwidths

	Coded Bandwidth
	Sample Rate 

(kHz)
	Encoder Complexity

(WMOPS)
	Decoder Complexity

(WMOPS)
	Balanced

Combined Complexity

(WMOPS)
	Worst/Worst Combined Complexity

(WMOPS)

	NB
	8
	29.98
	15.40
	43.97
	45.38

	
	16
	31.52
	16.38
	47.35
	47.90

	
	32
	37.34
	19.37
	56.71
	56.71

	WB
	16
	38.25
	18.29
	51.38
	56.54

	
	32
	43.32
	22.88
	60.92
	66.20

	SWB
	32
	45.12
	22.67
	65.56
	67.80


Worst-case complexity figures for the various sample rates and coded bandwidths of operation are provided in Table 13.2b. In this table the per-audio-frame maxima have been used.
Table 13.2b: Highest values of the worst-case complexity for different sample rates and coded bandwidths

	Coded Bandwidth
	Sample Rate 

(kHz)
	Encoder Complexity

(WMOPS)
	Decoder Complexity

(WMOPS)
	Balanced

Combined Complexity

(WMOPS)
	Worst/Worst Combined Complexity

(WMOPS)

	NB
	8
	47.95
	25.59
	73.54
	73.54

	
	16
	49.48
	25.81
	75.30
	75.30

	
	32
	52.06
	28.33
	79.49
	80.39

	WB
	16
	50.63
	27.69
	76.71
	78.32

	
	32
	55.27
	30.63
	84.80
	85.90

	SWB
	32
	56.25
	31.72
	87.13
	87.97


It can be seen from Tables 13.2a and 13.2b that the complexity of the EVS codec broadly scales with coded bandwidth and sample rate of operation and that the mean computational load is significantly lower than the worst-case figures.

Table 13.2c provides the highest values of the mean complexity for AMR-WB calculated using ITU-T STL2009 [27], the same methodology and testfile described above and Table 13.2d provides the relative complexity increase for the EVS codec compared to AMR-WB. Such figures clearly reflect the additional battery drain due to the codec for an EVS service over one based upon AMR-WB.
Table 13.2c: Highest values of the mean complexity for AMR-WB

	Coded Bandwidth
	Sample Rate 

(kHz)
	Encoder Complexity

(WMOPS)
	Decoder Complexity

(WMOPS)
	Balanced

Combined Complexity

(WMOPS)
	Worst/Worst Combined Complexity

(WMOPS)

	WB
	16
	32.30
	7.80
	38.73
	40.11


Table 13.2d: Incremental mean complexity figures for EVS relative to AMR-WB
	Coded Bandwidth
	Sample Rate 

(kHz)
	Encoder Complexity

(WMOPS)
	Decoder Complexity

(WMOPS)
	Balanced

Combined Complexity

(WMOPS)
	Worst/Worst Combined Complexity

(WMOPS)

	NB
	8
	-7.18%
	+97.4%
	+13.5%
	+13.1%

	
	16
	-2.41%
	+110%
	+22.3%
	+19.4%

	
	32
	+15.6%
	+148%
	+46.4%
	+41.4%

	WB
	16
	+18.4%
	+134%
	+32.7%
	+41.0%

	
	32
	+34.1%
	+193%
	+57.3%
	+65.0%

	SWB
	32
	+39.8%
	+191%
	+69.3%
	+69.0%


From Table 13.2d it is clear that there is a significant complexity increase in the EVS decoder compared to that of AMR-WB which is closely linked to enhancements in post-processing and frame erasure concealment leading to the significant performance improvements of EVS in error-free and impaired channels. It should also be noted that the EVS codec complexities also include sample rate conversion to and from the different sampling rates. Overall though, the worst/worst combined complexity increase in Table 13.2d, which represents a doubling of the audio bandwidth of AMR-WB (SWB at 32kHz = +69.0%), is well within the complexity goal for EVS which was to be less than twice the complexity of AMR-WB. 
The coder operates on 20 msec frames and the algorithmic delay (frame size plus look-ahead) is less than or equal to 32 msec.
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