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1 Introduction
The approved SID [1] contains the following objectives.
· Investigation of  UDC solutions, at least including:
· Identify compression algorithms or compressed data formats for the purpose of performance evaluation;
NOTE: It is not the aim of this objective to define a compression algorithm in 3GPP standard.
· Evaluate the performance of the identified compression solutions with compressed data formats based on traffic characteristics  in a practical network;  
In this paper, we propose a UDC solution for compressing uplink packets including both headers and payloads. The proposed UDC solution is agnostic to packet header formats, so it can compress any new packet header formats that are invented in the future.
2 Main idea of the UDC Solution
Both UE and eNB maintains UL Compression Memory to remember uncompressed contents of previous packets. When a new packet arrives, the UE tries to match (partially or fully) with the stored packets. If a match is found, then the UE sends pointers (addresses/locations of matched data block in both the compression memory and the packet) instead of the actual data bytes, to the eNB. The decompression algorithm is similar to the famous C language library function “memcpy(src addr, dest addr, length)” which simply copies the pointed data from the compression memory to the current packet, to recover the original packet. So the compressed data format mainly contains the following parameters.
· “src addr”: the address in compression memory [called “Lookback Length” in this solution]

· “dest addr”: the address in the current packet [called “Distance to pointer” in this solution]
· “length”: the length of the data bytes that was replaced by the compressor [called “size” in this solution]
3 Full UDC Solution
UDC is achieved with two component methods as mentioned below. The compressor automatically decide which method to use based on the compression gain and other factors.
· Current Packet Compression Reference (CPCR): The compression/decompression mechanism, which indicates individual matches from UL compression memory, is referred to as CPCR and this header is called the CPCR header. This header references to matches in UL compression memory using CPCR header metadata each of which points to a block of prior memory that needs to be copied to form the decompressed packet.
· Packet Match Compressed Reference (PMCR): A shorter version of the CPCR header may be optionally present, which is indicated by the “E” bit set to 1 in the UDC common header. This header references a prior block of data from UL compression memory and indicates the mismatches in the current packet with respect to the prior block in UL Compression memory. The compression/decompression mechanism using this method is referred to as PMCR, and this header is referred to as the PMCR header.

3.1 Compressed Data Format

[image: image1.emf]...

Number of Mismatches

Match length Mismatch length

Option Lookback length

Lookback length

Length

Numof

mismatch

E

Packet action Checksum E

Distance to pointer

Distance to pointer Lookback length

Lookback length

Lookback 

length

Length

...

Distance to pointer

Distance to pointer Lookback length

Lookback length

Lookback 

length

Length

Match length Mismatch length

...

Number of matches

:

Uncompressed data bytes

:

Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8

PMCR header

CPCR header 

metadata

PMCR header 

metadata

UDC header

CPCR header

UDC Common 

header

CPCR common 

header

PMCR common 

header



Figure 1: UL Compression Packet Format

The UDC header consists of a UDC common header, PMCR header, and CPCR header. The PMCR header in a compressed packet is always ahead of the CPCR header. This implies that a section of the data packet is decompressed using the PMCR header and the remaining section of the packet is decompressed using the CPCR header.

NOTE: Packets stored in UL compression memory are word-aligned (4 byte aligned). The beginning of each packet pushed to UL compression memory starts from the next word (4 byte aligned) boundary. UL compression memory is padded with zeros to fill the space between the last byte of the packet to the next word boundary.

UDC common header (first octet)

· Packet action (upper 3 bits)

· 011 – Decompression shall be performed as indicated by the UDC header that follows the first octet. The entire packet (decompressed) shall be pushed to UL compression memory. The UDC header shall be pushed to UDC header memory if the UDC header length is less than or equal to udcHeaderMemorySize.

· 010 – Decompression shall be performed as indicated by the UDC header that follows the first octet. The packet header (of the decompressed packet), as indicated by udcHeaderLength, shall be pushed to UL compression memory. The UDC header shall be pushed to UDC header memory if the UDC header length is less than or equal to udcHeaderMemorySize.
· 001 – For this packet action, there is no following header and no decompression needs to be performed. The entire packet shall be pushed to UL compression memory. The UDC header shall not be pushed to UDC header memory.

· 000 – For this packet action, there is no following header and no decompression needs to be performed. The packet shall not be pushed to UL compression memory. The UDC header shall not be pushed to UDC header memory.

· 100 – This is an exact match of the UDC header with the contents of UDC header memory. Decompression shall be performed, as indicated by the previous UDC header, as contained in UDC header memory. The entire packet or packet header only shall be pushed to UL compression memory, depending on the packet action in the previous packet (011 or 010 respectively). The UDC header shall not be pushed to UDC header memory. 

· 101 – Reset UL compression memory to all zeros. For this packet action, there are no following header and no decompression needs to be performed. The entire packet shall be pushed to UL compression memory. The UDC header shall not be pushed to UDC header memory.

· Checksum (next 4 bits) – The checksum is used by the decompressor to detect UL compression memory out-of-sync conditions between the compressor and decompressor. 

· Extension (E) (next 1 bit) – Set to 1 if, and only if, a PMCR header follows; set to 0 otherwise. For packet actions 011 and 010, an E bit set to 0 means the CPCR header follows and an E bit set to 1 means the PMCR header follows. For all other packet actions, the E bit is set to 0. 

Checksum computation

The checksum is computed based on the packet action.

· For packet actions 011 and 010, the checksum contents depend on the presence of the PMCR header. 

· No PMCR header – Checksum contains the sum of the first 5 bytes of the first match in this packet.

· PMCR header is present – Checksum contains the sum of the 5 bytes starting from the location pointed to by the lookback length minus 8. See the PMCR header format for the processing of lookback length.

· For packet action 001, the checksum contains the sum of the last 5 bytes in UL compression memory before the packet that includes the checksum is pushed into UL compression memory.

· For packet action 000, the checksum bits are invalid and shall not be checked.

· For packet action 101, the checksum bits shall be set to all zeros.

· For packet action 100, the checksum contents depend on the presence of the PMCR header in the UDC header memory.

· No PMCR header – The checksum contains the sum of the first 5 bytes of the first match in this packet. 

· PMCR header is present – The checksum contains the sum of the 5 bytes starting from the location pointed to by the lookback length minus 8. See the PMCR header format for the processing of lookback length.
CPCR Header
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Figure 2: CPCR Header Format
The CPCR header consists of the following two parts:

· CPCR common header – The first byte gives the decompressor the Number of matches in the packet.

· CPCR header metadata – 4 bytes of metadata for each matched block of data indicating Distance to pointer, Lookback length, and length. There are as many metadata as there are Number of matches.

CPCR common header
· Number of matches (1 byte) – The number of matches indicates the number of CPCR header metadata present in the packet. No more than 255 compressed blocks can be present in a single compressed packet.

CPCR header metadata (4 bytes)
Each CPCR header metadata identifies a compressed block within the packet.

· Distance to pointer (11 bits) – Length in bytes of the uncompressed block before this compressed block; it can cover a packet size up to 2048 bytes. The range is 0 to 2047, with a value of 0 indicating that there are no uncompressed bytes that precede this compressed block.

· Lookback length (14 bits) – Distance in bytes to look back in UL compression memory from the current end of UL compression memory to find the replacement for the compressed block; it can reference a UL compression memory capacity up to 16 kB. Valid values for this field range from 4 to 16383, for example, a value of 4 means that the match occurred with the last 5 bytes in UL compression memory.

· Length (7 bits) – Number of bytes to copy from UL compression memory; match length is interpreted as Length + Minimum match length (5). Number of bytes to be copied can be as large as 132 bytes (27 + 5).

PMCR Header
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Figure 3: PMCR Header Format
The PMCR header consists of the following two parts:

· PMCR common header – The first 3 bytes give the decompressor the location and length of the block to be copied from UL compression memory (Lookback length and Length respectively) and the Number of mismatches within that copied block.

· PMCR header metadata – 1 byte of metadata for each mismatched block of data in the copied section indicating Match length and Mismatch length. There are as many metadata bytes as there are Number of mismatches.

PMCR common header

· Option (2 bits) – Set to 01; indicates that this is a PMCR header.

· Extension (1 bit) – Set to 1 if the CPCR header follows. Set to 0 if no CPCR header follows.
· Lookback length (10 bits) – Distance in words to look back in UL compression memory from the current end of UL compression memory to find the block to be copied. Distance in bytes = (Lookback length + 1) * 4 – 1. Valid values for this field range from 0 to 1023.
· Number of mismatches (4 bits) – Number of the PMCR header metadata present in the packet. Valid values for this field range from 0 to 15. No more than 15 mismatched blocks can be present in the copied block. A value of 0 indicates that there are no mismatches in the copied block.
· Length (7 bits) – Number of bytes to copy from UL compression memory. Valid values for this field range from 1 to 127. The number of bytes to be copied can be as large as 127 bytes.
PMCR header metadata (1 byte)

Each PMCR header metadata identifies a mismatched block within the copied block.

· Match length (5 bits) – Length in bytes of the matched block. This length is counted from the end of the previous mismatched block or the start of the packet (for the first metadata). The range is 0 to 31, with a value of 0 indicating that there are no matched bytes that precede the mismatched block.

· Mismatch length (3 bits) – Length in bytes of the mismatched block. This length is counted from the end of the matched block. The range is 0 to 7, with a value of 0 indicating that there are no mismatched bytes that follow the matched block. This block of bytes (as many as Mismatch Length) is found in the uncompressed bytes following the UDC header. Note that the mismatched block indicated by this field is found before the uncompressed bytes indicated by the CPCR header, if any.

UDC header memory

A separate UDC header memory of udcHeaderMemorySize is set apart for saving the UDC header in a packet. For packet actions 011 and 010, the entire UDC header shall be pushed to the UDC header memory. If there is more than udcHeaderMemorySize bytes of UDC header in any packet, then that header is not pushed. The UDC header is always copied to the beginning of the UDC header memory, overwriting any contents before.
3.2 Decompressor Algorithm
The decompressor must look into the UL compressed packet to determine if the packet is compressed. If the packet is not compressed, it must remove the header byte. If the packet is compressed, it must perform decompression on the packet as shown in the below figure:
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Figure 4: Decompressor Flow Chart

3.3 An example of CPCR compression and decompression





4 Performance Evaluation 

4.1 Simulation Assumption 

1. Input data (PCAP log files) from CMCC is used for UDC evaluation
2. Other simulation setup based on the email discussion report [2]
· Compression Buffer size: 8K and 32K are mandatory; 64K optional. 
· Channel model: PLR (packet loss rate) based, PLR=0 for RLC-AM
· RLC mode for simulation: RLC AM 
· UDC entity is considered to be located in PDCP layer
· User Plane data only
· UDC is used for both header and payload in evaluation (The proposed algorithm automatically decide which mode based on the compression gain and other factors).
· Output metric: compression efficiency = 1– (output data size / input data size)
· 14 bytes offset over IP in all CMCC PCAP files.

· No pre-filling of the compression memory is used in the simulation.

4.2 Simulation Results
We obtained exactly the same simulation results for setups with 8K and 32K compression buffer sizes. The results are shown below. 
	PCAP File #
	PCAP File Name
	Compression Efficiency (%)
	Original Size (Bytes)
	Compressed Size (Bytes) 

	1
	FTP data-CMCC(UL-client)
	54.74
	1211
	548

	2
	FTP data-CMCC(UL-server)
	50.39
	1782
	884

	3
	SIP signalling-CMCC 01(UL)
	85.61
	51020
	7337

	4
	SIP signalling-CMCC 02(UL)
	82.16
	32680
	5827

	5
	SIP signalling-CMCC 03(UL)
	85.94
	46688
	6561

	6
	Video data-CMCC(UL)
	62.04
	13450
	5105

	7
	web surfing-CMCC(UL)
	67.75
	2381720
	767990

	8
	long period Video data-CMCC(UL)
	78.44
	1371861
	295658
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5 Conclusion and Text proposal 
Proposal 1: RAN2 to consider the solution that is described in this document, as a candidate solution for the UDC SI. 
Proposal 2: To include Sections 2, 3 and 5 of this document into subsections in the technical report of this study item.
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Compressed Packet: ‘Metadata pointing to ‘/abcde’ + 123’
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Compression memory after the compression: /abcdefgh123/abcde





Compression memory before the compression: /abcdefgh
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Input Packet: ‘Metadata pointing to ‘/abcde’ + 123’





Output Packet: 123/abcde





Compression memory before the compression: /abcdefgh





Compression memory after the compression: /abcdefgh123/abcde
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