
3GPP TSG-RAN Meeting #77                                                         
RP-1701818                                                                                                  
Sapporo, Japan, 11th –14th September 2017


Agenda item:
          10.1.2
Source
Qualcomm Incorporated

Title:
Quantitative Comparison on APDC and Deflate Processing Complexity 
Document for:
Discussion 

1. Introduction
RAN2 agreed “processing complexity” as an evaluation metric for the candidate solutions, see TR 36.754 V1.0.0 [1] Section 6.3 text below. 
High computation complexity of compression algorithm degrades usefulness of UDC even if the resulted compression efficiency is significant. Additionally, required memory for compression/ decompression also has impacts on the overall performance of UL data compression algorithms. Therefore, not only the compression efficiency but also processing complexity of compressor/ de-compressor and memory requirements are agreed as the criteria for performance evaluation.

However, RAN2 has not concluded the evalution results with respect to the agreed metric “processing complexity”. The TR 36.754 V1.0.0[1] only concludes the study from “compression efficiency” metric (see the TR text below).
From technical point of view, solution based on DEFLATE and solution based on APDC have shown significant and similar compression efficiency.

 Processing complexity is an important metric that RAN2 has not concluded yet, so we share our quantitative study results on APDC and Deflate processing complexity in this paper. Deflate has four different implementations in open source code: Adaptive Huffman, Static Huffman, Best compression Level and Default compression Level. In the Deflate open source code, these different implementations may be included in one open source code package and are configurable, however, they are different implementations because their compression gains are different. In this paper, we study these 4 Deflate implementations in terms of processing complexity. Similar, APDC can also be implemented in many ways. While we shared example APDC source code in R2-1709024, the APDC evaluation results in this paper are based on another implementation which is different from R2-1709024.

2.  Quantitative evaluation on processing complexity
2.1. Quantitative evaluation tool, methodology and configuration

The following is a summary of our quantitative evaluation methodology and setup. We observed that the absolute processing time depends on the processor (e.g., CPU, DSP) clock speed, which can change from processor to processor. We run both APDC and Deflate on the same processor and obtain the processing time ratio between APDC and Deflate. 
We clarify that our earlier numeric results in RAN2#99 (R2-1709555, R2-1709842, R2-1708979) for APDC processing time are based on the APDC implementation specified in Table 1 below.
Table 1: Quantitative evaluation tool, methodology and configuration used in APDC  and Deflate processing complexity study
	Evaluation tool
	ANTS Performance Profiler [2] from Red Gate Software Ltd., https://www.red-gate.com/products/dotnet-development/ants-performance-profiler/ 

	Output from the evaluation tool
	The total processing time (milliseconds) for the compressor to compress a PCAP file.

	APDC compressor source code used in the evaluation
	 Another implementation of APDC compressor (different from the disclosed APDC source code in R2-1709024 )

	Deflate compressor source code used in the evaluation
	Deflate (RFC 1951) compressor source library version 1.2.8. Different Deflate implementations: Adaptive Huffman, Static Huffman, Best compression Level and Default compression Level

	Evaluation Methodology
	1. The ANTS Performance Profiler tool provide the total processing time for the processor to compress a PCAP file. 
2. Turn off all other applications and networking on the processor as much as possible.

3. Use the same processor to run the APDC and Deflate one by one. 
4. Obtain the processing time ratio between APDC and Deflate algorithm.
5. Use another processor to repeat Steps 1-3.

	The other configuration
	The simulation assumptions (including the PCAP files) in TR 36.754 V1.0.0 are also used. 8K byte compression buffer is used.


3. Processing complexity for 4 different Deflate implementations
3.1. Deflate processing time: Static Huffman vs. Adaptive Huffman configuration
Table 2 shows the total processing time for compressing each RAN2 PCAP file. We performed the evaluation on the same processor for Deflate with adaptive Huffman configuration and Deflate with static Huffman configuration. Note that the processing time ratio (between two compression algorithms or between two configurations) does not change across processors, even though the absolute processing time changes across processors.
Table 2: Deflate processing complexity: static Huffman vs. Adaptive Huffman
	Input PCAP File (as agreed by RAN2)
	Total processing time for compressing the PCAP file 

	
	Deflate with Adaptive Huffman & Default compression level
(msec)
	Deflate with Static Huffman & Default compression level
 (msec)
	Deflate Dynamic Huffman to Deflate Static Huffman Ratio 

	Input traffic 1: FTP data-client-CMCC (no actual file transfer)
	0.25
	0.24
	1.02

	Input traffic 2: FTP data-server-CMCC (no actual file transfer)
	0.32
	0.31
	1.04

	Input traffic 3: SIP signalling-CMCC UE 1
	1.48
	1.47
	1.01

	Input traffic 4: SIP signalling-CMCC
	1.24
	1.13
	1.10

	Input traffic 5: SIP signalling-CMCC
	1.24
	1.28
	0.96

	Input traffic 6: Video data-CMCC (duration: ~6s)
	1.07
	1.10
	0.97

	Input traffic 7: Web surfing-CMCC
	163.83
	164.07
	1.00

	Input traffic 8: Long period Video data-CMCC (duration: ~6min)
	117.73
	116.73
	1.01

	Input traffic 9: Video data-MTK (duration: ~1hr)
	360.53
	361.90
	1.00

	Input traffic 10: Long period ftp-MTK
	139.70
	138.23
	1.01

	Input traffic 11: Multiple IP flows-QC
	439.50
	444.57
	0.99


Observation 1: In 11 RAN2 agreed PCAP files, Deflate with Static Huffman configuration can decrease compressor processing time by up to 10% compared with Deflate with Adaptive Huffman configuration.

3.2. Deflate processing time: Best compression level vs. Default compression level
Table 3 shows the total processing time for compressing each RAN2 PCAP file. We performed the evaluation on the same processor for Deflate with “Static Huffman & Best compression level” and Deflate with “Static Huffman & Default compression level” configuration. Note that the processing time ratio (between two compression algorithms or between two configurations) does not change across processors, even though the absolute processing time changes across processors.
Table 3: Deflate processing complexity: Best compression level vs. Default compression level
	Input PCAP File (as agreed by RAN2)
	Total processing time for compressing the PCAP file 

	
	Deflate with Static Huffman & Best compression level
 (msec)
	Deflate with Static Huffman & Default compression level
 (msec)
	Deflate “Best compression level” to Deflate “Default compression level” Ratio

	Input traffic 1: FTP data-client-CMCC (no actual file transfer)
	0.24
	0.24
	1.00

	Input traffic 2: FTP data-server-CMCC (no actual file transfer)
	0.36
	0.31
	1.19

	Input traffic 3: SIP signalling-CMCC UE 1
	1.64
	1.47
	1.12

	Input traffic 4: SIP signalling-CMCC
	1.16
	1.13
	1.03

	Input traffic 5: SIP signalling-CMCC
	1.31
	1.28
	1.02

	Input traffic 6: Video data-CMCC (duration: ~6s)
	1.00
	1.10
	0.90

	Input traffic 7: Web surfing-CMCC
	170.37
	164.07
	1.04

	Input traffic 8: Long period Video data-CMCC (duration: ~6min)
	140.50
	116.73
	1.20

	Input traffic 9: Video data-MTK (duration: ~1hr)
	432.57
	361.90
	1.20

	Input traffic 10: Long period ftp-MTK
	166.40
	138.23
	1.20

	Input traffic 11: Multiple IP flows-QC
	452.43
	444.57
	1.02


Observation 2: In 11 RAN2 agreed PCAP files, under Static Huffman configuraiton, Deflate with Best compression level can increase compressor processing time by up to 20% compared with Deflate with Default compression level.

4. Quantitative evaluation results for APDC vs. Deflate
Table 4 shows the total processing time for compressing each RAN2 PCAP file. We repeated the evaluation on multiple processors. We found that the processing time ratio (between Deflate compression time and APDC compression time) does not change across processors, even though the absolute processing time changes across processors. Although Deflate has different configurations (static vs. adaptive Huffman, best vs. default compression level), there is only up to 20% difference between the different configurations. In Table 4, we show Deflate results with Default compression level for comparison, because default compression level decreases the processing time.
Table 4: Processing complexity: APDC vs. “Deflate with adaptive Huffman & default compression level” 
	Input PCAP File (as agreed by RAN2)
	Total processing time for compressing the PCAP file 

	
	APDC
(msec)
	Deflate with Adaptive Huffman & Default compression level (msec)
	Deflate to APDC Ratio 

	Input traffic 1: FTP data-client-CMCC (no actual file transfer)
	0.339

	0.256

	0.76

	Input traffic 2: FTP data-server-CMCC (no actual file transfer)
	0.431

	0.340

	0.79

	Input traffic 3: SIP signalling-CMCC UE 1
	1.586
	 1.984

	1.3

	Input traffic 4: SIP signalling-CMCC
	 1.626

	 1.268

	0.78

	Input traffic 5: SIP signalling-CMCC
	1.902

	1.427

	0.75

	Input traffic 6: Video data-CMCC (duration: ~6s)
	 0.846

	 1.030

	1.2

	Input traffic 7: Web surfing-CMCC
	121.334

	216.307

	1.8

	Input traffic 8: Long period Video data-CMCC (duration: ~6min)
	64.664

	155.346

	2.4

	Input traffic 9: Video data-MTK (duration: ~1hr)
	123.627

	395.100

	3.1

	Input traffic 10: Long period ftp-MTK
	 41.654

	197.310

	4.7

	Input traffic 11: Multiple IP flows-QC
	232.762

	545.619

	2.3


Observation 3:  
a) In 7 out 11 RAN2 agreed PCAP files (marked in yellow in Table 2), Deflate compression time is 1.2 times to 4.7 time of APDC compression time. This is observed on multile processors. 

b) In 3 SIP signaling PCAP files, Deflate to APDC compression time ratio is sometimes above one and sometimes lower than one. 

c) In 2 FTP PCAP files without any actual file transfer (RAN2 agreed to update them with the longer FTP PCAP file #10 in RAN2 #97), Deflate to APDC compression time ratio is about 0.76.
5. Conclusion
Proposal:
RAN is asked to take the evaluation results presented in this document into account in selecting UDC solution to be put forward for WI phase
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