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This document summarizes the following email discussion:
[97#61][LTE/UDC]  (CATT)
	Scope as agreed in meeting
	Intended outcome: Report to next meeting
	Deadline: Thursday 16/03/2017
According to the online discussion during RAN2#97 meeting, the following content is to be discussed in this email discussion.
Agreed scope of email:
Phase 1 (Feb. 20 – Mar. 10):
-	Discuss and agree on the use cases and traffic characteristics for UDC in a practical network (as in the Objective #1 in SID in RP-162541). These use cases and traffic characteristics are also used for simulations.
-	Discuss input data for simulation, simulation setup assumptions and the output performance matrix/ metric.

Phase 2 (Mar.13-Mar. 22):
-	Based on the phase 1 discussion, companies are invited to propose solutions for UDC (e.g., compressed data format, compression/decompression algorithms). 
-	Discuss the potential UDC solutions and performances.

The following aspects should be discussed and considered in phase1:
1) use cases and traffic characteristics
2) simulation setup assumptions
3) output performance matrix/metric
4) input data for simulation

The following aspects can be provided in phase 2:
5) compression/decompression algorithms and corresponding data format
6) simulation results

These aspects are identified in each section.  

Description
Phase 1
Use cases& traffic characteristics
Here we list some potential use cases/services for UDC according to use cases presented/discussed in [1] [2]:
Case1 (Non-encrypted traffic): The application data which are not encrypted at application layer, e.g. web surfing, text uploading, online video and text over instant messaging etc.
Case 2 (VoLTE SIP signaling): SIP signaling for VoLTE, which is neither compressed nor encrypted, e.g. INVITE, PRACK etc.
Case 3 (HTTPS traffic w/o RoHC): Packet header could be compressed if ROHC is not used even the application data is encrypted,e.g. the TCP/IP header can be compressed by UDC.
Any other use cases: Companies are invited to add other use cases here for discussion.
An example of HTTP signaling is shown below. Two subsequent GET messages from one UE are shown in Figure 1 (the content in red is differences between the two messages):
[image: ]
Figure 1: HTTP GET messages from 1 UE
The following traffic characteristics can be identified from above example:
· Many fields/content arerepeated;
· Cross-packet compression can be used to achieve high compression ratio.

Question 1: Companies are requested to express their views regarding which use cases are considered for UDC and comments on traffic characteristics.
	Company name
	Comments/Suggestions

	CATT
	We think case 1 and case 2 are the primary target use cases for UDC. Case 3 could also be considered but with low priority. In terms of the traffic characteristics, repetition of the many fields and the possibility of cross-packet compression as identified above should be considered. 

	Huawei, HiSilicon
	We are ok with use cases and traffic characteristics listed above.

	CMCC
	We are ok with the three cases above.
But we aremore interested in case 1 and case 2, since our lab trial shows web surfing, instant message, online video and SIP signalling are benefitmost from UDC.
And actually,most of the real network online data in China is not encrypted.

	Mediatek
	We agree to evaluate the three cases. And. we suggest to further breakdown the scenarios in case 1 if possible. Traffic characteristics of web surfing, online video and text over instant messaging are quite different.

	Ericsson
	Case1 (Non-encrypted traffic):  This use case should be targeted. However, the global trend for encrypted traffic data is steadily in rise except for few Asian countries. Thus real network trace analysis needs to be done from various regions to check the percentage of encrypted traffic. HTTP/2 which compresses HTTP header and performs payload encryption is gaining momentum and can’t be ruled out in UDC study. Similarly, Google QUIC should be considered. For video and photo uploads there are already compression techniques used in application layer (MPEG-4/JPEG etc). Further compression gain for these applications in RAN would be difficult.

Case 2 (VoLTE SIP signaling): SIP compression using SigComp is already since long defined (RFC 5049 – Applying Signaling Compression (SigComp) to the Session Initiation Protocol (SIP)). This should be considered in UDC study. Besides Operator also use secured transport mode between UE and SBG such as IPSec. How will this influence the UDC? Similarly, secured/encrypted SIP(S) scheme using TLS needs to be considered.

Case 3 (HTTPS traffic w/o RoHC): As part of study baseline comparison should be made against existing RoHC to see the performance of various other UDC algorithms. So this case seems not relevant.



	Qualcomm
	We agree to evaluate all three use cases. In addition, we understand that we intend to introduce a unified compression solution for all typical cases. So we should evaluate the proposed candidate solutions under multiple typical use cases. 

	Nokia, Alcatel Lucent Shanghai Bell
	We understand the target should be mainly the traffic that is reaching high volume in UL in real operators’ networks. Thus, agree non-encrypted traffic characterised by repeatable patterns and lack of advanced compressionmethods could be the main target (case 1 and case 2). However, it would be also worthwhile to see encrypted traffic related analysis/gains. 


Simulation setup assumptions
In order to have a common ground for comparison of different solutions, basic assumptions should be discussed before the discussion of solutions and performance evaluation. The following aspects regarding the simulation setup are discussed in this section.
1) Evaluationmodel
The aim of the simulation is to evaluate the compression algorithms in terms of compression gain, impacts to the existing protocol and specification efforts. Therefore, detail channel model and radio channel simulation are not seen essential for the evaluation of compression algorithms. Unreliability of radio channel and data loss if considered as a necessary and important aspect for the evaluation of compression algorithms, in a simpler way, Packet Loss Rate (PLR)and random packet discard can be used to mimic the effect of random data loss. 

Question 2a: Companies are requested to provide their opinion on evaluation model discussed above. If a simplified channel model is agreeable for UDC study, companies are also requested to comment on suitable channel parameters for channel simulations. 
	Company name
	Comments/Suggestions

	CATT
	We think the described evaluation model is suitable for the UDC study. If RLC-UM is used for UDCed packets transmission, PLR and random packet discard can be used and simply modelled in the simulation. If only RLC-AM is used, we needn’t consider packets loss issue.

	Huawei, HiSilicon
	We think it is good to simplify the simulation assumption, e.g. focus on UDC functionality and do not consider channel mode and radio channel simulation.

	CMCC
	We also agree to simplify the radio channel model.

	Mediatek
	We think the basic idea of UDC is based on cross-packet pattern matching. Compression function is reset upon packet loss. So, we think data loss evaluation can be de-prioritized.

	Ericsson
	Simplified model should suffice.

	Qualcomm
	(1) if RLC-AM is used, we assume no packet loss.
(2) if RLC-UM is used, we assume PLR and random packet discarding.In addition, we should discard whole transport blocks (TB) which contain multiple packets and not discard packets independently.
We understand the above 3 traffic types are mostly running on RLC AM in practice. Soit is natural that we focus on RLC-AM and de-prioritize RLC-UM case in the UDC SI.

	Nokia, Alcatel Lucent Shanghai Bell
	We believe UDC requires a reliable in-order delivery, thus in sequence packet delivery using the acknowledged date transfer is applicable, i.e. RLC AM should be the focus.



2) [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Protocol unit where UDC is applied
As indicated in UDC SID, a RAN level solution should be considered in the study. A RAN level solution allows for the operator to control the UL compression as per need for selected traffic. As ciphering applied in PDCP layer, compression could not be performed on data unit below PDCP layer, i.e. PDCP PDU. Thus, compression could either be applied on PDCP SDU if PDCP layer performs the compression or data unit above PDCP where a new protocol layer is required above PDCP for data compression. If new layer for UDC is defined above PDCP, it may introduce more standardization work. 

Question 2b: Companies are requested to express their opinion on whether UDC would be applied for PDCP SDU or layer above PDCP.
	Company name
	Comments/Suggestions

	CATT
	We think that UDC design should target for the compression applied to PDCP SDU. This is simple and introduction of UDC at PDCP has less specification impacts. 

	Huawei, HiSilicon
	Our view is that UDC functionality can be applied in PDCP layer and at the same level where the existing Header Compression functionality performs (Figure 4.2.2.1 - PDCP layer, functional view in TS 36.323).

	CMCC
	We prefer that UDC is applied for PDCP SDU in order to simplify the standardization work..

	Mediatek
	To simplify the standardization effort, we support to add it in PDCP.

	Ericsson
	UDC should be placed in PDCP layer similar to existing RoHC framework which is used for header compression

	Qualcomm
	UDC should be placed in PDCP layer. UDC compression is done before PDCP ciphering.

	Nokia, Alcatel Lucent Shanghai Bell
	We also don’t envision introduction of new layer for UDC would be needed. It can beapplied in PDCP layer.



3) UDC focuses on the user plane data compression.
UDC aims to design a compression solution for the UL user plane data received from higher layer, e.g. http data, SIP signalling, TCP ACK for DL traffic, etc. Therefore, we can focus on UP data only in simulation of different UDC solutions. 

Question 2c: Companies are requested to express their opinion on whether UDC is applied for User Plane data only.
	Company name
	Comments/Suggestions

	CATT
	We can focus on UP at this stage, whether UDC is used for CP signalling can be considered later stage if seen beneficial.

	Huawei, HiSilicon
	We are ok.

	CMCC
	We agree to focus on UP data from higher layer.

	Mediatek
	We agree to focus on UP data only.

	Ericsson
	We agree to focus on UP.

	Qualcomm
	We agree to focus on UP, to be more specific, we think UP refers to DRBs (not SRBs).

	Nokia, Alcatel Lucent Shanghai Bell
	We concur



4) Compression buffer size
As shown in section 2.1.1 using HTTP GET, cross-packet compression could be applied in UDC to achieve high compression ratio. Therefore, the amount of buffered data which are used in compressing current packet could have an effect on the achieved compression ratio. For the simulation and comparison of different solutions, the applicable transmission/reception buffer size should be common to all solutions.

Question 2d: Companies are requested to comment on possible transmission/receptionbuffer size, e.g. 4k, 8k, 32k bytes etc. to be used in simulations.
	Company name
	Comments/Suggestions

	CATT
	We prefer to use 32KB buffer size for simulation comparisons.  This doesn’t limit the possibility for applying UDC for other buffer sizes  considering different UEs may have different capabilities.

	Huawei, HiSilicon
	It may be good to consider one buffer size in order for simplicity.

	Mediatek
	We think it is fine to evaluate 4k, 8k and 32k.

	Ericsson
	This could be the scope of phase 2 when proposed algorithms for UDC is evaluated. Large buffer size would result in large search space which could incur latency. Similarly, large buffer size will require higher memory consumption in UE/eNB. This impact needs to be studied.

	Qualcomm
	Because buffer size will affect compression efficiency, we need to agree on the buffer sizes for every company to use, to make fair comparisons.To study the impact of buffer size to compression efficiency, we need at least two buffer sizes. We prefer two buffer sizes (one low value such as 8KB, one high value such as 64K) to be used in simulations, for simplicity. This is only for simulations.
However, more than two buffer sizes may be defined in WI phase, if needed.

	Nokia, Alcatel Lucent Shanghai Bell
	More reliable and complete conclusions could be only drowned if we consider at least two values on the buffer sizes. 



5) Consideration on packet loss
Packet loss in RAN may have impact on performance of compression algorithms. For example, if inter-dependencies of packets are considered in the compression, packet loss may lead to de-synchronisation of compression buffer at the UE and de-compression buffer at the eNB. 
If RLC-AM is used for simulation, the impact of packet loss on performance of compression algorithms could be mitigated. However, impact of loss packet should be taken into account in performance evaluation of UDC solution, if RLC-UM is used. 

Question 2e: Companies are requested to comment on the use of RLC mode (RLC-AM or RLC-UM) for simulation of UDC solution. 
	Company name
	Comments/Suggestions

	CATT
	RLC-AM should be the first priority since most of use cases that can be UDCed are RLC-AM mode. RLC-UM could also be considered if corresponding use case is identified.

	Mediatek
	As discussed in Question 2a, we think UDC is only applied to RLC-AM mode.

	Ericsson
	RLC-AM is applicable.

	Qualcomm
	We understand the above 3 traffic types are mostly running on RLC AM in practice. So it is natural that we focus on only RLC-AM.

	Nokia, Alcatel Lucent Shanghai Bell
	We understand RLC-AM is applicable



6) Applying UDC compression to header only
Companies have shown different views on the use of UDC to compress payload header. As shown in [2] UDC provides gain when applying on both header and payload. UDC could also be applied only on payload (un-encrypted payload) while RoHC can be used for compressing the header although it would introduce more complexity from specification and implementation point of view. 

Question 2f: Companies are requested to comment on the applicability of UDC on header for evaluation of UDC solutions. 
	Company name
	Comments/Suggestions

	CATT
	UDC could be used to compress both header and payload, when RoHC is disabled.

	Huawei, HiSilicon
	Regarding the data parts that UDC can be applied for, we think that there may be three options:
(1) UDC for both header and payload
(2) UDC for header only, while payload is uncompressed
(3) UDC for payload only, while header is uncompressed

In our opinion, question 2f seems to be related to all above three options. For option (1), we think it should be used for evaluation; for option (2) and (3), we do not have strong opinions.

	CMCC
	We think UDC can be used for both header and payload.

	Mediatek
	RoHC is an incumbent feature back to Rel-8. We think it makes sense to evaluate RoHCv.s. UDC for TCP/IP headers.

	Ericsson
	UDC should target both header and payload. If payload compression is required, then headers need to be compressed also using the same algorithm. 
For Header compression only, ROHC should be used which is efficient and proven technology. UDC could add value only when considerable payload compression gain is achieved.


	Qualcomm
	UDC should be used to compress both header and payload.No need to focus on header-only, or payload-only cases. We think the compression algorithm should**dynamically** (not static configuration)decide whether to compress any portion of a packet (including header, payload)based on the compression gain.

	Nokia, Alcatel Lucent Shanghai Bell
	We understand UDC can be used for both. 



In addition to the simulation assumptions discussed above, companies may provide other assumptions to be considered in fair evaluation of different UDC solutions. 
Question 2g: Companies are welcome to express consideration on other simulation assumptions, if any.
	Company name
	Comments/Suggestions

	Huawei, HiSilicon
	Regarding UDC and RoHC, here are some of our opinions:
· for one UE, for one DRB, at most one uplink compression mechanism is allowed, i.e. do not combine RoHC and UDC together for one DRB for one UE, because it may be complicated
· for one UE, if it has more than one DRB, different DRBs can be configured with different uplink compression mechanisms. For example, if the UE has two DRBs, DRB#1 and DRB#2, DRB#1 can be configured with RoHC and DRB#2 can be configured with UDC


	Ericsson
	Growing encryption trend in many regions should be considered. The purpose of any new algorithms should be to provide stable gain over time; not just gain on short term. Moreover, existing compression algorithms at application layer which is already compressing traffic payload can’t be ignored.


	Qualcomm
	We understand that we intend to introduce a unified compression solution for all known typical traffic types. Currently, we have multiple standardized compression solutions available at various layers, e.g., SigComp and RoHC. However, such solutions are applicable to very specific applications. E.g., each RoHC profile can be applied to a particular header type.

	Nokia, Alcatel Lucent Shanghai Bell
	While we understand the support for UL data compression/decompression should be provided independent of RoHC support, it should not preclude use of other techniques such as RoHC. 

	
	


Output performance metrics
UDC study does not aim to standardize a compression algorithm in 3GPP. Rather the aim of UDC study is to identify compression algorithms and/or compressed data formats which could be used in RAN to fulfill the objectives of UDC (e.g. controllability of UDC on service basis by operator). The following Figure illustrates a block diagram of UDC operation. The UDC entity processes the input data and generates the output compressed data.


Generally, compression ratio could be considered to reflect the performance of UDC compression algorithm. The compression ratio is calculated by the following formula:
Compression ratio = output data size / input data size
Additionally, compression efficiency and compression gain as per the following formulations could be also considered:
Compression efficiency = 1 –(output data size / input data size)
Compression gain = (input data size / output data size) -1
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Question 3a: Companies are requestedto comment on performance matrix/metric to be used forthe evaluation for UDC solutions. 
	Company name
	Comments/Suggestions

	CATT
	Even though compression efficiency and compression gain could also be considered for performance evaluation matrix, we have slight preference for use of compression ratio.

	Huawei, HiSilicon
	We are ok.

	CMCC
	We are ok, they seem similar.

	Mediatek
	Compression efficiency seems to be more intuitive.


	Ericsson
	1. Compression Ratio along with capacity improvement that it brings would be good matrix. Since, if the compression rate is very good for some traffic but this type of traffic constitutes only a small part of the traffic served in the network, then it will not serve the purpose. So,some metric to see the actual benefit of UDC, e.g. capacity improvement would be good.
2. Execution Time for Compression/Decompression


	Qualcomm
	We think Compression efficiency is better, since it shows the capacity improvement explicitly. 

	Nokia, Alcatel Lucent Shanghai Bell
	Compression efficiency 



Increase complexity of compression algorithm degrades usefulness of UDC even if the resulted compression gain is significant. Therefore, not only the compression gain but also processing complexity of compressor and de-compressor should also be considered in the performance evaluation. Even though it may not be possible to quantify the processing complexity, qualitative analysis of complexity is expected in the performance evaluation.  
Question 3b: Companies are welcome to show their views on whether/how to consider the UDC (de-)compression complexity?
	Company name
	Comments/Suggestions

	CATT
	We think the complexity should also be considered in the solution comparisons, especially when two algorithms have approximatelysimilar compression ratio.

	CMCC
	We agree with the CATT.

	Mediatek
	We think it’s fine to evaluate the complexity.

	Ericsson
	Processor Load and Memory Requirements should be considered in eNB for decompression complexity. Similarly, latency incurred by compression/decompression needs to be considered.


	Qualcomm
	We agree with Ericsson that decompression Complexity should be considered.

	Nokia, Alcatel Lucent Shanghai Bell
	We support considerations on compression/decompression complexities and memory requirements 


Input data for simulation
For fair comparison of different UDC solutions, the solutions are to be evaluated using a common traffic profile. It is expected to collect input traffic profile to be used in simulations in a data base where interested companies are provided with access to the traffic profiles. Operators are encouraged and appreciated to provide data for simulation in a zip file with file name, xxx data-company name.zipwhen application data is considered or sip signalling-company name.zip when SIP signalling data is considered. The data file format should be “.pcap” which only includes UL traffic.Please don’t insert the zip file(s) in this document, just indicate the file name in the table below.
Question 4: companies can provide service data for simulation
	Company name
	file name of the data for simulation

	CMCC
	We would like to share some data derived from real network, as attached in the email.
Video data-CMCC.zip : Containing video data froma video website.
SIPsignalling-CMCC.zip : Containing uplink SIP signalling of mobile original calls.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]FTP data-CMCC.zip : Containing FTP data.

	
	

	
	

	
	


Any other aspects to be considered for Phase 1
Companies could provide their inputs on other aspects of UDC study (if any) to be considered for Phase 1 of the email discussion. 
Discussion summary of Phase 1
In phase 1, use cases including traffic characteristics, simulation setup assumptions, performance metrics and input data for simulation were discussed.
1) For use cases and traffic characteristics, 7 companies expressed their views, where, all companies agreed that Non-encrypted traffic (case 1) and SIP signaling (case 2) should be targeted in the study. 6 companies suggested that encrypted HTTP traffic (case 3) could also be evaluated with UDC. 2 companies suggested the case 3 could be considered with low priority. Meanwhile, one company thought that further breakdown for case 1 could be considered(e.g. web surfing, online video and text over instant messaging). One company expressed the opinion that high layer compression or RoHC in case 1 and case 2 should also be considered. 

Proposal 1: case 1and case 2 should be evaluated in UDC study with high priority. Case 3 could also be considered possibly with low priority.


2) Following simulation assumptions were discussed:
a) For evaluation model, all 7 companies agreed that we should focus on simplified evaluation model, e.g. simplified channel model should be sufficient for UDC evaluation. Packet loss rate, if applicable, should be considered with low priority.

Proposal 2a: simplified evaluation model is considered in UDC study. The packet loss rate scenario should be considered with low priority.

b) All 7 companies agreed that we should put the UDC function in PDCP layer, similar as RoHC.

Proposal 2b: UDC entity is considered to be located in PDCP layer.


c) All 7 companies agreed that we should focus on UP data only in UDC evaluation.

Proposal 2c: we should focus on UP data only in UDC evaluation.


d) For compression buffer size, 6 companies expressed their views. Where, one company suggested using just one buffer size, 2 companies suggested using 4K, 8K and 32K buffer sizes; 2 companies thought we should use at least two values in the evaluation (Qualcomm suggested 8K and 64K buffer); One company thought this issue should be considered in phase 2.

Proposal 2d: 8K and 32K buffer size are considered in UDC evaluation, and 64K can be optionally selected.


e) All 5 companies who expressed an opinion confirmed that RLC-AM is applied to UDC.

Proposal 2e: RLC-AM is considered in UDC evaluation.


f) All 7 companies agreed that UDC should target for both header and payload.Also, comparison between UDC and RoHC for TCP/IP headers was suggested by one company.

Proposal 2f: UDC is used for both header and payload in evaluation.


g) Some other considerations were expressed by 4 companies: i) UDC should be configured per DRB; ii) Growing encryption trend in many regions should be considered; iii) current specified compression solutions e.g. SigComp and RoHC should be considered when study UDC solution.


3) Output performance metrics were discussed:
a) Compression ratio, compression efficiency and compression gain were listed for performance metrics. 3 companies suggestedto use compression efficiency; one company suggested the compression ratio along with capacity improvement. One company highlighted that compression efficiency shows the capacity improvement.

Proposal 3a: compression efficiency is used in UDC evaluation.


b) 6 companies confirmed that we should consider the complexity of compressor/de-compressor in UDC evaluation, where 2 companies suggested toconsider the memory requirements as well.

Proposal 3b: compression/de-compression complexity and memory requirements could be considered in UDC evaluation.


4) Input data for simulation was shared by CMCC, including video data from a video website, UL SIP signaling and FTP data.

Proposal 4: input data from CMCC should be used for UDC evaluation.

 Conclusion and recommendation of Phase 1
During Phase 1 of the email discussion, use cases, traffic characteristics, simulation setup assumptions, simulation input data and the performance matrix/metric were discussed. Based on the discussion, the following recommendations are made for the UDC study.

Use cases and traffic characteristics:
Case1 (Non-encrypted traffic): The application data which are not encrypted at application layer, e.g. web surfing, text uploading, online video and text over instant messaging etc.
Case 2 (VoLTE SIP signaling): SIP signaling for VoLTE, which is neither compressed nor encrypted, e.g. INVITE, PRACK etc.
Case 3 (HTTPS traffic w/o RoHC): Packet header could be compressed if ROHC is not used even the application data is encrypted,e.g. the TCP/IP header can be compressed by UDC.
· Case1 and case 2 should be evaluated in UDC study with high priority while case 3 could be considered with low priority if required.
· 
Simulation setup:
	Evaluation model
	Simplified evaluation model with no data loss. Packet loss rate scenario should be considered with low priority,

	Protocol layer for UDC
	PDCP layer

	Data for evaluation
	UP data only

	Data buffer size
	8K and 32K buffer sizez are considered. 64K could optionally be considered if required.

	Mode of operation
	RLC-AM

	UDC applicability
	UDC is applied for both header and payload in evaluation

	Performance matrix
	Compression efficiency. Additionally, compression/de-compression complexity and memory requirements could also be taken into account in the evaluation.

	Input data
	Input data file provided by CMCC

	
	



Phase 2
In phase 2, companies are encouraged to provide  details of compression/decompression algorithms and data formats in their simulations.
 Compression/decompression solution 1: use of RFC 1951 [CATT]
Description 
Deflate algorithm [3] is used to compress UL data in the simulation. Deflate is a lossless data compression algorithm and associated file format（specified in RFC 1951[3]） that uses a combination of the LZ77 algorithm and Huffman coding. LZ77 is used to eliminate duplicate strings. To perform cross-packet compression, a FIFO buffer is used to buffer originalpackets which have been compressed. Within the packets which have not been compressed, if a repeated string in buffer is identified, a back-reference is inserted linking to the previous location and the length of that identified string. After compressed by LZ77, huffman coding used to replace frequently used symbols with shorter representations and infrequently used symbols with longer representations. Adaptive selection of static Huffman coding and dynamic Huffman codingis enabled to achieve maximum compression gain in the simulation.

Simulation results
In this section, the simulation results of above solution for 8K and 32K buffer are given. 
	
	8K buffer
	32K buffer

	
	Original Size（Byte）
	Compressed Size（Byte）
	Compression Efficiency
	Original Size（Byte）
	Compressed Size（Byte）
	Compression Efficiency

	FTP- Client (CMCC)
	1211
	585
	51.69%
	1211
	585
	51.69%

	FTP- Server (CMCC)
	1071
	640
	40.24%
	1071
	640
	40.24%

	Online video (CMCC)
	13450
	4632
	65.56%
	13450
	4633
	65.55%

	Long period video (CMCC)
	1371861
	365346
	73.37%
	1371861
	337360
	75.41%

	SIP UE1(CMCC)
	51020
	6639
	86.99%
	51020
	5997
	88.25%

	SIP UE2 (CMCC)
	32680
	4921
	84.94%
	32680
	4791
	85.34%

	SIP UE3 (CMCC)
	46688
	5927
	87.31%
	46688
	5313
	88.62%

	Web surfing (CMCC)
	2381720
	786295
	66.99%
	2381720
	689638
	71.04%

	Video data (MediaTek)
	2453749
	950644
	61.26%
	2453749
	983524
	59.92%



Compression/decompression solution 2: use RFC 1950, [MediaTek]
Description 
The UDC evaluation flow is shown in Figure 1 below, where Zlib compression algorithm is applied. To perform cross-packet checking to find repeated pattern, each source packet is stored in the configurable buffer after being compressed. And, the compressed data format is given in Figure 2. The definitions of Zlib headers are:
· CMF: compression window length
· FLG: flag to indicate if preset dictionary is applied
· DICTID: preset dictionary ID
Note that, pre-defined dictionary is not used in this evaluation. For the detail descriptions of Zlib algorithm and compressed data format, please refer RFC 1950 (https://www.ietf.org/rfc/rfc1950.txt).


Figure 1: Illustrative compression flow with Zlib

[image: cid:image002.png@01D29E6F.922D5A90]
Figure 2: Zlib-based compressed data format

Simulation results
In the evaluation, we consider Zlib-based UDC with 8K and 32K buffer size. And, RoHC method is also evaluated.
	Scenario\     window size 
	Zlib-based UDC with 
8K buffer
	Zlib-based UDC with 32K buffer 
	RoHC 
	Ratio of TCP/IP headers 

	Case 1:
FTPdata-client-CMCC 
	43.8%
	73.3%
	90.8%

	Case 2:
FTP data-server-CMCC 
	39.7%
	59.7%
	73.4%

	Case 3:
SIP signaling-CMCC 
	#01
	86.2% 
	87.6% 
	5.4%
	7.5% 

	
	#02
	83.7% 
	84.8% 
	5.1%
	7.1% 

	
	#03
	86.8% 
	88.1% 
	4.4%
	6.2% 

	Case 4:
Video data-CMCC (duration: ~6s)
	62.6%
	21.7%
	29.1%

	Case 5:
Long period Video data-CMCC (duration: ~6min)
	67.1%
	68.2%
	45.1%
	58.1%

	Case 6:
Video data-MTK (duration: ~1hr) 
	53.3%
	51.7%
	80.7%
	95.9%

	Case 7:
Web surfing-CMCC 
	63.3%
	67.1%
	23.1%
	31.3%



 Compression/decompression solution 3
Description 
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)” whichsimply 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 proposal]
· “dest addr”: the address in the current packet [called “Distance to pointer” in this proposal]
· “length”: the length of the data bytes that was replaced by the compressor [called “size” in this proposal]
The detailed solution will be describe in the contribution for the coming RAN2 meeting.
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






Comments/ clarification questions to understand compression/decompression algorithms and simulation results provided in section 2.2 could be provided in the below table.
Phase 2 discussion : Comments/ clarifications on the compression/decompression solutions and simulationresults provided in section 2.2. 
	Company name
	Comments/ clarifications

	MediaTek
	Based on the above evaluation results, we have the following observations:
· UDC performs better in SIP signalling, shorter video and Web surfing cases while RoHC performs better in FTP and longer video cases.
· The size ratio of TCP/IP header is a key factor to determine compression method. Comparing the video scenarios in case 4/5/6, it can be found that RoHC method achieves higher compression efficiency as the TCP/IP header ratio increases (i.e., more TCP ACK in the uplink).

	Qualcomm
	1. It seems some companies did not provide the PCAP file names for the results, which may make comparison a little hard.
2. [bookmark: _GoBack]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 FTP PCAP files is only 1211 bytes (without compression).We found the issue very 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. We suggest CMCC and other operators to provide PCAP files that have a reasonably large file download (at least in the order of MBs).

	
	

	
	

	
	



 Discussion summary of Phase 2
In phase 2 of the email discussion, 3 companies provided 3 different UDC solutions and simulation results based on the data input by CMCC and MediaTek.
Solution 1 is based on the deflate method given in RFC 1951[3], which uses a combination of the LZ77 algorithm and Huffman coding. Solution 2 is based on Zlib compression data format defined in RFC 1950 [4]. Solution 3 is based on cross-packet matching, with transmission of “src address”, “dest address” and “length”.
All three companies shared their evaluation results based on the data input from CMCC and MediaTek, including UL FTP data (both client and server)(from CMCC), UL SIP signalling data (from CMCC), UL short period video data (from CMCC), UL long period video data (from CMCC), UL online video data (from MediaTek) and UL web surfing data (from CMCC). 
The results from all three solutions show a similar trend in terms of the compression efficiency. Wherein, about 40% to 50% compression efficiency is shown for UL FTP traffic, over 80% of compression efficiency is shown for UL SIP signalling and about 60% to 75% compression efficiency is shown for UL video traffic. Similarly, over 60% of compression efficiency can be obtained with UL web surfing data. 
Observation 1: A significant compression performance can be achieved with UDC solutions in UL for all types of traffic including FTP, SIP, video and web surfing cases.
Simulation results are shown considering 8K and 32K buffer sizes by all three companies. The buffer size has not shown a significant factor to the simulation results even though the performance with 32K buffer shows a slight increase of gain compared to that of 8K buffer situation in solution 1 and solution 2. No performance variation due to buffer size was observed in solution 3. 
Observation 2: A buffer size does not contribute significantly to the performance results of UDC solutions.

In addition, MediaTek provided their evaluation results on compression efficiency of RoHC and ratio of TCP/IP header, and indicated that UDC performs better in SIP signalling, shorter video and Web surfing cases while RoHC performs better in FTP and longer video cases. It was also noticed that FTP input files were not sufficiently long to reach a meaningful observation. Only one company has performed the RoHC simulation. In order to compare UDC solutions with RoHC, more simulation is required with long FTP traffic profile taken into account.
Observation 3: In order to compare UDC solutions with the performance of RoHC, more simulation is required with long FTP traffic profile. 
Conclusion
Based on discussion summary of Phase 1 (section 2.1.6) and Phase 2 (section 2.2.4) of the email discussion, the following proposals and observations are made;
From Phase 1:
Proposal 1: case 1and case 2 should be evaluated in UDC study with high priority. Case 3 could also be considered possibly with low priority.
Proposal 2a: simplified evaluation model is considered in UDC study. The packet loss rate scenario should be considered with low priority.
Proposal 2b: UDC entity is considered to be located in PDCP layer.
Proposal 2c: we should focus on UP data only in UDC evaluation.
Proposal 2d: 8K and 32K buffer size are considered in UDC evaluation, and 64K can be optionally selected.
Proposal 2e: RLC-AM is considered in UDC evaluation.
Proposal 2f: UDC is used for both header and payload in evaluation.
Proposal 3a: compression efficiency is used in UDC evaluation.
Proposal 3b: compression/de-compression complexity and memory requirements could be considered in UDC evaluation.
Proposal 4: input data from CMCC should be used for UDC evaluation.
From Phase 2:
Observation 1: A significant compression performance can be achieved with UDC solutions in UL for all types of traffic including FTP, SIP, video and web surfing cases.
Observation 2: A buffer size does not contribute significantly to the performance results of UDC solutions.
Observation 3: In order to compare UDC solutions with the performance of RoHC, more simulation is required with long FTP traffic profile. 
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