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7.2.4 Header Compression
1   Introduction
The header compression is important especially for small user data (e.g. VOIP traffic, signalling with small size packets, etc.)[4-7]. In RAN2#69 meeting, two contributions [9, 10] are proposed to discuss the header compression over Un. However, the contributions assumed high percentage of large size packets which may not represent realistic traffic patterns for Rel-10. We propose to analyze the header overhead in a more general case. 
In this contribution, the compressed header overhead for the Un interface is analyzed based on 5 individual traffic models and a mixed traffic model considered by 3GPP (i.e. VOIP, FTP, HTTP, Video streaming, Gaming) [2]. There have been 5 header compression scheme proposed in RAN2 [1]. An analysis for each of the proposed scheme plus the scheme that reuses Rel-8/9 header compression for the outer header only excluding GTP is given to facilitate the discussion on the necessity of selecting a Rel-10 header compression scheme for Un.
In the analysis table, the gain for individual header compression scheme is calculated for each traffic model. From analysis results, we concluded that adopting the header compression should be essential for Rel-10 RN because the gain from the header compression over Un is significant. We also proposed to select the scheme of “separate compression excluding GTP” as the baseline, due to the fact that it provides significant enough header compression gains while minimizing impacts to existing Rel-8/9 specifications by avoiding introducing new ROHC profile or 3GPP specific header compression scheme.
In order to have a common header compression reference across companies for performing the performance analysis and simulations, it is proposed to include agreed traffic models and analysis results in this contribution into TR 36.300.

2   Discussion
The efficiency analyses are based on traffic models described in [2]. In this contribution, maximum and minimum header overheads of each traffic model are analyzed individually, and the mixed traffic model is also discussed in the final of this section. The maximum overhead is calculated without performing the header compression, and the minimum overhead is calculated with the minimum compressed header size. 
2.1 Overhead analysis

For each traffic model the header over is calculated by the following formula:
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Header overhead = 

compressed header + packet size


The formula only considers the compressed header over the application IP packet. The overhead below IP layer is not included in the caculation, e.g. L2 header overheads and L1 overheads. 
2.2 VOIP traffic model 
The paramters of VOIP traffic model is listed in the Table 1. 
Table 1
	Parameter
	Characterization

	Codec 
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50%

	Inactive packet size (octet-aligned mode)
	7 bytes (Every 160ms during inactive)

	Active packet size (octet-aligned mode)
	33 bytes


The payload size of AMR 12.2 kbps is 12.2 kbps * 20ms = 244bits = 30.5bytes. The RTP payload header is 1 byte long. (4-bits CMR and 4-bits Reserved), and the RTP payload table of content is also 1 byte long. (1-bit Following bit, 4-bits FT, 1-bit Quality bit, and 2-bits padding) [3]. In the active period, the voice payload size plus the RTP payload header and the RTP payload table of the content (octet-aligned mode) are 33 bytes. 
In the silence period, the AMR SID bits (39 bits) plus the RTP payload header and the RTP payload table of the content (octet-aligned mode) are 7 bytes. 
The VOIP header overhead of header compression methods  are shown in Table 2. For example, the minimum VOIP header overhead of 3GPP Compression is approximately 7/14 * 1/9 + 7/40 * 8/9 = 21.1%. This is a long term view to VOIP traffic model. The minimum VOIP header overhead of other methods is calculated by the same way.
Table 2
	
	Header Compression Schemes

	
	Compress the outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum compressed header size
	53/73 bytes
	9 bytes
	18 bytes
	13 bytes
	10 bytes
	7 bytes

	Minimum VOIP header overhead
	64.6%(IPv4) / 71.4%(IPv6)
	25.3%
	39.4%
	32.3%
	27.2%
	21.1%

	Maximum VOIP header overhead
	72.2% / 76.5% / 79.7%
	72.2% / 76.5% / 79.7%
	72.2% / 76.5% / 79.7%
	72.2% / 76.5% / 79.7%
	72.2% / 76.5% / 79.7%
	72.2% / 76.5% / 79.7%

	Header compression gain 
	7.6% / 11.9% (IPv4),
5.2% / 8.3%(IPv6)
	46.9% / 51.2% / 54.4%
	32.8% / 37.1% / 40.3%
	39.8% / 44.2% / 47.3%
	44.9% / 49.3% / 52.5%
	51.0% / 55.4% / 58.6%


2.3 FTP traffic model
The size of the FTP payload is distributed in a truncated log-normal distribution, and the mean size of a FTP payload is 2 Mbytes. Assume the FTP packets are categorized into 76% 1500-bytes packets and 24% 576-bytes packets, such that a 2 Mbytes payload is categorized into 1014 1500-bytes packets and 834 576-bytes packets [8]. Therefore the minimum FTP header overhead of 3GPP Compression is (9+4.5)/1509 * 1014/1848 + (9+4.5)/585 * 834/1848 = 1.5% (i.e. 4.5-bytes is caused by the 50% delayed ACKs). The result is based on the perfect transmission such that there is no retransmission. Inner TCP header size is assumed 20 bytes such that the minimum compressed header size of compressing the outer excluding GTP is 53 bytes for IPv4 and 73 bytes for IPv6 [9]. The maximum FTP header overhead is calculated without delayed ACKs. The FTP header overhead of header compression methods  are shown in Table 3 [1]. 
Table 3
	
	Header Compression Schemes

	
	Compress the outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum compressed header size
	53/73 bytes
	11 bytes
	20 bytes
	15 bytes
	12 bytes
	9 bytes

	Minimum   FTP header overhead
	11.4%(IPv4) / 15.2%(IPv6)
	1.9%
	3.4%
	2.5%
	2.0%
	1.5%

	Maximum  FTP header overhead
	15.8% / 19.5% / 23.0%
	15.8%  / 19.5%  / 23.0%
	15.8%   / 19.5%   /  23.0%
	15.8%  / 19.5%  / 23.0%
	15.8%  / 19.5%  / 23.0%  
	15.8%  / 19.5%  / 23.0%

	Header compression gain
	4.5% / 8.1% (IPv4),
4.2% / 7.8%(IPv6)
	13.9%  / 17.6%  / 21.1%
	12.5%   / 16.1%   / 19.7%
	13.3%  / 17.0%  / 20.5%  
	13.8%  / 17.5%  / 21.0%
	14.3%  / 18.0%  / 21.5%


2.4 HTTP traffic model
A web page is constructed by a main object and embedded objects. The main object size is distributed in a truncated log-normal distribution, and its mean size is 10710 bytes. The embedded object is also distributed in a truncated log-normal distribution, and its mean size is 7758 bytes. The number of embedded objects per page is distributed in a truncated Pareto distribution, and its mean is 5.64[2]. Therefore the mean size of a web page is 10710 + 7758 * 5.64 = 54466 bytes. Assume the web page is transmitted in 76% 1500-bytes packets and 24% 576-bytes packets, such that there are 28 1500-bytes packets and 23 576-bytes packets of a web page [8]. Therefore the minimum HTTP header overhead of 3GPP Compression is (9+4.5)/1509 * 28/51 + (9+4.5)/585 * 23/51 = 1.0% (i.e. 4.5-bytes is caused by the 50% delayed ACKs). The result is based on perfect transmission such that there is no retransmission. Inner TCP header size is assumed 20 bytes such that the minimum compressed header size of compressing the outer excluding GTP is 53 bytes for IPv4 and 73 bytes for IPv6 [9]. The HTTP header overhead of header compression methods  are shown in Table 4.
Table 4
	
	Header Compression Schemes

	
	Compress the outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum compressed header size
	53/73 bytes
	11 bytes
	20 bytes
	15 bytes
	12 bytes
	9 bytes

	Minimum HTTP header overhead
	11.3%(IPv4) / 15.2%(IPv6)
	1.9%
	3.4%
	2.5%
	2.0%
	1.5%

	Maximum HTTP header overhead
	15.8% / 19.5% / 23.0%
	15.8%  / 19.5%  / 23.0%
	15.8%   / 19.5%   / 23.0%
	15.8%  / 19.5%  / 23.0%
	15.8%  / 19.5%  / 23.0%
	15.8%  / 19.5%  / 23.0%

	Header compression gain
	4.5% / 8.1% / (IPv4),
4.2% / 7.8%(IPv6)
	13.9%  / 17.6%  / 21.1%
	12.5%   / 16.1%   / 19.6%
	13.3%  / 17.0%  / 20.5%  
	13.8%  / 17.5%  / 21.0%
	14.3%  / 18.0%  / 21.5%  


2.5 Video Streaming traffic model
Each frame of the video data arrives at a regular interval determined by the number of frames per second. Each frame is decomposed into fixed number of slices, each transmitted as a single packet. The size of these packets/slices is modelled to have a truncated Pareto distribution, and the mean size of a packet is 100 bytes. Therefore the minimum video streaming header overhead of 3GPP Compression is 7/107 = 6.5%. The video streaming header overhead of header compression methods  are shown in Table 5.
Table 5
	
	Header Compression Schemes

	
	Compress the outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum compressed header size
	53/73 bytes
	9 bytes
	18 bytes
	13 bytes
	10 bytes
	7 bytes

	Minimum Video header overhead
	34.6%(IPv4) / 42.2%(IPv6)
	8.3%
	15.3%
	11.5%
	9.1%
	6.5%

	Maximum Video header overhead
	43.2% / 49.0% / 53.7%
	43.2%  / 49.0%  / 53.7%
	43.2%   / 49.0%   / 53.7%
	43.2%  / 49.0%  / 53.7%
	43.2%  / 49.0%  / 53.7%
	43.2%  / 49.0%  / 53.7%

	Header compression gain
	8.5% /14.3% / (IPv4),
6.8% / 11.5%(IPv6)
	34.9%  / 40.7%  / 45.4%
	27.9%   / 33.7%   / 38.4%
	31.7%  / 37.5%  / 42.2%
	34.1%  / 39.9%  / 44.6%  
	36.6%  / 42.4%  / 47.2%


2.6 Gaming traffic model
The gaming traffic is categorized into a uplink gaming traffic and a downlink gaming traffic. The uplink packet interarrival is deterministic, and its value is 40 ms. The uplink packet is distributed in largest extreme value distribution, and the mean packet size is 48 bytes. The downlink packet interarrival is distributed in a largest extreme value distribution, and mean packet interarrival is 58 ms. The downlink packet is distributed in a largest extreme value distribution, and the mean packet size is 140 bytes (calculated according to [2]). Therefore the minimum gaming header overhead of 3GPP Compression is 7/55 * 58/98 + 7/147 * 40/98 = 9.5%. The gaming traffic header overhead of header compression methods are shown in Table 6.
Table 6
	
	Header Compression Schemes

	
	Compress outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum compressed header size
	53/73 bytes
	9 bytes
	18 bytes
	13 bytes
	10 bytes
	7 bytes

	Minimum Gaming header overhead
	42.3%(IPv4) / 49.7%(IPv6)
	11.8%
	20.8%
	16.1%
	12.9%
	9.5%

	Maximum Gaming header overhead
	50.6% / 56.1% / 60.4%
	50.6%  / 56.1%  / 60.4%
	50.6%   / 56.1%   / 60.4%
	50.6%  / 56.1%  / 60.4%
	50.6%  / 56.1%  / 60.4%
	50.6%  / 56.1%  / 60.4%

	Header compression gain
	8.4% /13.8% / (IPv4), 
6.4% / 10.7%(IPv6)
	38.8%  / 44.2%  / 48.5%
	29.8%   / 35.3%   / 39.6%
	34.6%  / 40.0%  / 44.3%
	37.7%  / 43.1%  / 47.4% 
	41.2%  / 46.6%  / 50.1%


2.7 Mixed traffic 
The mixed traffic model which is referred to [2] is listed in Table 7. 
Table 7
	Application
	Traffic Category
	Percentage of Users

	FTP
	Best effort
	10 %

	Web Browsing / HTTP
	Interactive
	20 %

	Video Streaming
	Streaming
	20 %

	VoIP
	Real-time
	30 %

	Gaming
	Interactive real-time
	20 %


Based on mixed traffic model listed in Table 7, the maximum and minimum header overheads of mixed traffic model is shown in Table 8. 
Table 8
	
	Header Compression Schemes

	
	Compress outer excl GTP
	Entire header chain comp
	Separate comp excl GTP
	Header stripping
	Separate comp incl GTP
	3GPP Comp

	Initial header size
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes
	76/96/116 bytes

	Minimum Mixed traffic header overhead
	38.2% (IPv4)/ 44.4% (IPv6)
	12.2%
	20.0%
	16.0%
	13.2%
	10.0%

	Maximum Mixed traffic header overhead
	45.2%  / 49.8%  / 53.6%
	45.2%  / 49.8%  / 53.6%
	45.2%   / 49.8%   / 53.6%
	45.2%  / 49.8%  / 53.6%
	45.2%  / 49.8%  / 53.6%
	45.2%  / 49.8%  / 53.6%

	Header compression gain
	7.0%/ 11.6% / (IPv4),
5.4% / 9.3%(IPv6)
	33.0%  / 37.6%  / 41.5%  
	25.1%   / 29.8%   / 33.6%
	29.2%  / 33.8%  / 37.6%
	32.0%  / 36.6%  / 40.4%
	35.2%  / 39.8%  / 43.6%


3   Conclusion

In this contribution, the gains for various header compression schemes against 5 individual traffic models plus a mixed traffic model are analyzed. From the analysis results, we have following conclusions:

1. The header compression is essential for Rel-10 RN because the gain from the header compression over Un is significant with the best gain ranging 11.6%~43.6% for the mixed traffic model and 11.9%~58.6% for the VoIP traffic model. 
2. Choice of header compression scheme is important; because the difference of the gain between the worst scheme and the best scheme is 38.2% for the mixed traffic model (i.e. 43.6%-5.4%=38.2 %) and 53.4% for the VoIP traffic model (i.e. 58.6%-5.2%=53.4 %).
3. The scheme that reuses Rel-8/9 header compression for the outer header only excluding GTP provides marginal gains (5.4%~11.6% for the mixed traffic model and 5.2%~11.9% for the VoIP model).
4. The scheme of“separate compression excluding GTP” provides significant enough gains (25.1%~33.6% for the mixed traffic model and 32.8%~40.3% for the VoIP model) while minimizing impacts to existing Rel-8/9 specifications by avoiding introducing new ROHC profile or 3GPP specific header compression scheme.
Proposal 1: select “separate compression excluding GTP” as the baseline header compression scheme for Rel-10

Proposal 2: Based on this contribution, RAN2 should include agreed traffic models and analysis results into TR 36.300 as the common header compression reference across companies for performing the RN performance analysis and simulations.
4   Reference
[1] R2-096533, Header overhead over Un
[2] R1-070674, LTE physical layer framework for performance verification
[3] RFC 3267, Real-Time Transport Protocol (RTP) Payload Format and File Storage Format for the Adaptive Multi-Rate (AMR) and Adaptive Multi-Rate Wideband (AMR-WB) Audio Codecs
[4] RFC 3095, RObust Header Compression (ROHC): Framework and four profiles: RTP, UDP, ESP, and uncompressed
[5] RFC 5225, RObust Header Compression Version 2 (ROHCv2): Profiles for RTP, UDP, IP, ESP and UDP-Lite
[6] RFC 4995, The RObust Header Compression (ROHC) Framework
[7] RFC 4996, RObust Header Compression (ROHC): A Profile for TCP/IP (ROHC-TCP)
[8] IEEE 802.16m-08/004r5, IEEE 802.16m Evaluation Methodology Document (EMD)
[9] R2-102027, Header Compression
[10] R2-102077, Why additional Un header compression is not needed[image: image2.png]


















































































































































































































































































































1

_1335296376.unknown

