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Discussion and Decision
1 Introduction

In this document, we discuss some generic considerations on UDC. We analyze what is required to be specified in RAN2 specs for the UDC feature. In addition, we propose that R15 UDC should prioritize solutions that are agnostic to packet header format so that it can be applied to new packet header formats that are invented in the future (e.g., QUIC). 
2 UE processing complexity
During the “email discussion [97#61][LTE/UDC]” [3], most companies agreed that we should consider complexity when evaluating the solutions. The email discussion summary concluded below [3] which is to be decided by RAN2. 
Proposal 3b: compression/de-compression complexity and memory requirements could be considered in UDC evaluation.

We agree with the proposal. In addition, we think compressor side (UE) complexity is higher than decompressor side. We want to clarify the range of complexity on the UE side as following. 

Proposal 1: In R15 LTE UDC, the evaluation of a compression solution shall take into account, beyond the performance of the compression algorithm, the complexity of the compressor/decompression logic and the complexity, reliability and performance of an end to end protocol.
3 Specifying compressed data format and decompression is sufficient for inter-operability
The focus of 3GPP core specifications (including RAN2 specifications) have been ensuring inter-operability between UE and eNB. In the UDC case, the data flow is as following.
UE side: (1)Original data ( (2)Compressor ( (3)Compressed data (ready for lower layer tx)
eNB side:  (3)Compressed data (from UE) ((4)Decompressor ( (5)compressed data
It is clear that compressed data format needs to be specified for inter-operability between UE and eNB. In addition, decompressor should also be specified to ensure the decompressed data is the same as the original data. 

However, the compressor algorithm is not required to be specified, as long as the compressed data format and decompressor are clearly specified. This is due to the following reasons. Firstly, based on the compressed data format and decompressor behavior, we can know how to compress data into the given format. Secondly, there are different ways to compress data into a given format, but the decompressed data is the same as the original data. This is illustrated by the example below. 
For example, assuming below:
· There are two packets, packet_1 = {ABCD}, packet_2 = {ABCDE}. 
· The compression is by replacing one or more characters of packet_2 with a pointer that points to the previous packet_1. 

· The decompression algorithm is simply the famous C language library function “memcpy(src addr, dest addr, length)”, where the compressor set the input arguments as following. 

· “src addr” to the address of packet_1’s strings,

· “dest addr” to the address of packet_2’s strings, and

· “length” to the length of the string that is the same in both packets.  

Then:

· The compressed data format is (src addr, dest addr, length), which are the arguments of the famous C language library function “memcpy”.
· The compression can be done in many ways, for example:
1. Only replace the first 2 repeated characters “AB” from packet_2 {ABCDE}. 

2. Replace the first 4 repeated characters “ABCD” from packet_2 {ABCDE}.
· 
At the compressor side, replacing more characters will result in longer search/compression time, higher compression efficiency and more processing power cost. The compressor should have the freedom to decide the number of bytes to replace for each packet, based on the tradeoff among search/compression time, compression efficiency and processing power cost. 

· At the decompressor side, no matter how many characters (e.g., 2 or 4, as shown above) the compressor have replaced with pointers, the decompressed data will always be the same as the original data.

In the above example, we know how to decompress the data as long as we know the meaning of each parameter in the compressed data format (src addr, dest addr, length). So we have the following observation.  
Observation 1: If we describe compressed data format clearly, decompressor algorithm can be implicitly and unambiguously specified.

Based on the analysis, example and observation above, we have the following proposals.

Proposal 2: R15 LTE UDC to define compressed data format (e.g., in PDCP header) clearly to specify the decompressor algorithm.

Proposal 3: R15 LTE UDC not to define compression algorithm explicitly in 3GPP specification.
4 Be Agnostic to Packet Header Format
The internet industry is continuously inventing new packet header formats. For example, QUIC [2] was invented just a few years ago. It is “a new transport which reduces latency compared to that of TCP. On the surface, QUIC is very similar to TCP+TLS+HTTP/2 implemented on UDP [2].” The protocol stack is QUIC/UDP/IP, so there are QUIC, UDC and IP headers.  

In the R15 UDC, if the compression algorithm is designed specifically for given packet formats, then it cannot compress new packet header formats in the future, unless we update the compression algorithm which requires both standard and implementation changes. For example, current RoHC does not have a profile/algorithm to compress the QUIC header, so it can only compress the UDP/IP headers in case of QUIC traffic, hence the potential compression gain is not fully achieved. 

In addition, if the UDC compression algorithm is designed specifically for given packet formats, separate efforts are required to implement, test and manage the compression algorithms/profiles for every packet format combination (e.g., QUIC, RTP, TCP, UDP, IPv4 and IPv6). This creates a burden for the wireless industry including infra vendors, UE vendors and operators.
Therefore, we propose the following.

Proposal 4: R15 LTE UDC to prioritize solutions that are agnostic to packet header format.
5 PCAP files for FTP traffic
When we open the CMCC’s PCAP files for FTP (PCAP file names “FTP data-CMCC(UL-client)” and “FTP data-CMCC(UL-server)” ) in Wireshark, we can see that there is no file downloading activity, there is mainly FTP connection setup and connection closure. The total size of all the original packets in the PCAP files is only 1211 bytes (without compression).

Observation 2: CMCC’s PCAP files for FTP (PCAP file names “FTP data-CMCC(UL-client)” and “FTP data-CMCC(UL-server)” ) have no file download activity. 

We found the issue close to the submission deadline, so we understood that there is no time for operators to provide new FTP PCAP files and for companies to run the simulations again before RAN2#97bis submission deadline. 
Proposal 5: RAN2 to work with CMCC and other operators to provide PCAP files that have a reasonably large file download (at least in the order of MBs).

6 Conclusion and Text proposal 
Observation 1: If we describe compressed data format clearly, decompressor algorithm can be implicitly and unambiguously specified.

Observation 2: CMCC’s PCAP files for FTP (PCAP file names “FTP data-CMCC(UL-client)” and “FTP data-CMCC(UL-server)” ) have no file download activity. 

We propose that RAN2 to capture the following Proposal 1-4 into the SI TR.

Proposal 1: In R15 LTE UDC, the evaluation of a compression solution shall take into account, beyond the performance of the compression algorithm, the complexity of the compressor/decompression logic and the complexity, reliability and performance of an end to end protocol.
Proposal 2: R15 LTE UDC to define compressed data format (e.g., in PDCP header) clearly to specify the decompressor algorithm.

Proposal 3: R15 LTE UDC not to define compression algorithm explicitly in 3GPP specification.
Proposal 4: R15 LTE UDC to prioritize solutions that are agnostic to packet header format.
Proposal 5: RAN2 to work with CMCC and other operators to provide PCAP files that have a reasonably large file download (at least in the order of MBs).
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