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Introduction
In RAN2#105, the following is agreed
Ethernet header compression is beneficial in the context of IIOT
In the TP, remove “R2-1816765 indicates additional gains of removing padding when payload size is small”
In the TP remove “and are considered for further evaluation”
In the TP “Additional complexity of removing padding (i.e. Ethernet payload) is worth to be considered in Ethernet header compression must be justified” is changed to “Additional complexity of removing padding in Ethernet header compression must be justified.” 
There is R2 majority support for a dedicated HC scheme
Of the dedicated HC schemes, there is R2 majority support for Ethernet Header Compression specified by 3GPP/RAN2 (no ROHC profile). 
In RAN2#105bis, the following is agreed
We develop Ethernet header compression 100% in 3GPP TS (not by extending ROHC)
In RAN2#106, the following is agreed
Ethernet Header Compression (EHC) is configured per DRB, separately for UL and DL.
Use context ID concept such that compressor and decompressor associates a context ID with Ethernet header contents. 
Compression is done with following principle:
- For Ethernet flow resulting in creation of new context, compressor transmits at least one packet with full header and context id (to establish context in decompressor). 
- After above, compressor starts transmits compressed packets. FFS if multiple transmissions and/or feedback is needed.  
EHC header format is designed to include following mandatory fields: Context ID, Indication of header format (i.e. full header and compressed header), FFS other field, e.g. profile ID
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will discuss the issue about Ethernet header compression and give our proposals. 
[bookmark: _Ref178064866]Discussion
Design Principle
The key idea of compression would be to use an ID to represent the header fields, i.e., source / destination address, type / length, and Q-tag. The mapping of ID-to-header is stored at RX side, and thus decompression can be done based on the received ID. 
According to the achievement in RAN2#106, context concept is introduced. In details, initially, TX sends at least one packets with full header and context ID. Afterwards, TX sends the compressed packets with context ID. From our point of view, similar as ROHC design, PDCP data PDU can be used for context establishment. For example, when Ethernet header compression is configured, the TX can transmit full header of the packet and the related identifiers (e.g. context ID) in one PDCP data PDU. Upon reception of the PDCP data PDU, the RX can successfully establish the mapping rule between the identifiers and the full header. After that, compressed packets can be transmitted in radio interface. 
Observation 1 [bookmark: _Toc16609420][bookmark: _Toc16756054][bookmark: _Toc16756111][bookmark: _Toc20490473][bookmark: _Toc20733728][bookmark: _Toc20897500][bookmark: _Toc20908816][bookmark: _Toc20908897][bookmark: _Toc20984817]Context should be established for Ethernet header compression.
[bookmark: _Toc16609310][bookmark: _Toc16756057][bookmark: _Toc16756102][bookmark: _Toc20130723][bookmark: _Toc20490580][bookmark: _Toc20733731][bookmark: _Toc20818297][bookmark: _Toc20829731][bookmark: _Toc20897504][bookmark: _Toc20908821][bookmark: _Toc20908900][bookmark: _Toc20984820]PDCP data PDU is used for context establishment.
Furthermore, take ROHC design as a reference, more details are considered in the following:
· In order to differentiate the two formats (i.e. full header and compressed header), theoretically 1-bit is enough, ROHC adopt more bits for robustness and scalability, e.g., 8 bit for IR-DYN packet, to 1 bit for UO-0 packet type.
· For the ID, i.e., CID in ROHC, A small CID takes 4-bit for a value from 0 to 15, and a large CID takes 14 bits for a value from 0 to 16384. Therefore, 4-bit can be seen as baseline.
· [bookmark: _Toc16756058][bookmark: _Toc16609311][bookmark: _Toc7355981][bookmark: _Toc7356444][bookmark: _Toc7356457][bookmark: _Toc4000428][bookmark: _Toc4596518][bookmark: _Toc4746288]In order to differentiate multiple Ethernet frame formats, e.g. Ethernet II, 802.3, with/without Q-Tag, profile ID should be included. Theoretically 3-bit is enough to cover all cases. Firstly, profile ID should be included in the uncompressed packet to indicate the specific Ethernet frame format, e.g. which fields to be compressed. Once the context is established, TX sends the compressed packet. In one compressed packet, there is no need to include profile ID if CID is unique per profile (i.e. different profiles are associated with different CIDs), otherwise profile ID should be added. 
[bookmark: _Toc16756103][bookmark: _Toc20130724][bookmark: _Toc20490581][bookmark: _Toc20733732][bookmark: _Toc20829732][bookmark: _Toc20818298][bookmark: _Toc20897505][bookmark: _Toc20908822][bookmark: _Toc20908901][bookmark: _Toc20984821]1-bit Indication in EHC header is used for header format differentiation (i.e. full header and compressed header).
[bookmark: _Toc16609312][bookmark: _Toc16756059][bookmark: _Toc16756104][bookmark: _Toc20130725][bookmark: _Toc20490582][bookmark: _Toc20733733][bookmark: _Toc20829733][bookmark: _Toc20818299][bookmark: _Toc20897506][bookmark: _Toc20908823][bookmark: _Toc20908902][bookmark: _Toc20984822]4-bit indication in EHC header is used for CID.
[bookmark: _Toc20490583][bookmark: _Toc20733734][bookmark: _Toc20818300][bookmark: _Toc20829734][bookmark: _Toc20897507][bookmark: _Toc20908824][bookmark: _Toc20908903][bookmark: _Toc16609313][bookmark: _Toc16756060][bookmark: _Toc16756105][bookmark: _Toc20130726][bookmark: _Toc20984823]3-bit indication in full EHC header is used for Profile ID.
Compression Details
According to the output of RAN2#105, the design of compression algorithm design should follow the criterion as follows:
· Preamble, SFD and FCS are ignored are not transmitted thus not considered in Ethernet header compression.
· Ethernet header compression considers the header fields DESTINATION ADDRESS, SOURCE ADDRESS, TYPE/LENGTH, Q-TAGs (including all sub-fields), but no further fields of the Ethernet header for structure-aware compression solution.
· Additional complexity of removing padding in Ethernet header compression must be justified.
· Further industrial protocols above Ethernet are not considered in structure-aware Ethernet header compression.
· The developed structure-aware Ethernet header compression scheme does not consider IP header compression within a joint solution. 
· For structure-agnostic compression scheme, further fields, further industrial protocols above Ethernet, IP header are compressed together with Ethernet header.
· PDCP at gNB is the network anchor for Ethernet header compression.
The target packet structure can be illustrated as follows
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/5/52/TCPIP_802.1ad_DoubleTag.svg/1328px-TCPIP_802.1ad_DoubleTag.svg.png]
When Rx-UE receive a format-1 packet, i.e., uncompressed packet
1. The Rx-UE would read the packet
a) For first 12-byte, as store as the destination and source MAC address
b) Check whether the following 2-byte is 0x8100
i. If yes, judge it as Q-tag;
ii. If not, judge it as length/type field;
2. After length/type field, all the other parts are payload, so that no need to decompression / store.
Then the detailed issues can be divided into the following aspects.
Q-tag Handling
According to the Q-tag definition as follows, TPID and VID are static field and can be stored for future decompression, while the PCP and DEI are more QoS related field, and is more dynamic field so hard to be compressed, like ToS and traffic class in RoHC. Therefore,
· Store TPID and VID;
· For PCP and DEI, 
· Either do not compress them at all, so 4-bit is always needed for format-2, i.e. compressed pakcet
· Or compress them if not changed, and use a F-bit to indicate the change of two field, i.e., 1-bit is needed for format-2 if the two are not changed, or 5-bit (=1+4) are needed if the two are changed, so that the compression context at Rx needs to be updated. For simplicity, no compression is preferred.
[image: ]
Figure 1 Q-tag definition
[bookmark: _Toc7355984][bookmark: _Toc7356447][bookmark: _Toc7356458][bookmark: _Toc16609315][bookmark: _Toc16756061][bookmark: _Toc16756106][bookmark: _Toc20130728][bookmark: _Toc20490587][bookmark: _Toc20733737][bookmark: _Toc20818301][bookmark: _Toc20829737][bookmark: _Toc20897508][bookmark: _Toc20908825][bookmark: _Toc20908904][bookmark: _Toc20984824]For Q-tag, TPID and VID are always compressed, no compression for PCP and DEI.
Length/type Handling
Similar to PCP and DEI in Q-tag, 
· If it is a length field (RX can judge this by reading format-1 packet), it is always changing, and it cannot be deferred if the received packet contains padding. I.e.,
· If TX-UE has performed the padding removing, this field can be always removed, and restore that from L-field in AS layer. Furthermore, the padding can be added by RX automatically if the length is judged to be less than 64-byte.
· Or if TX-UE do not perform the padding removing, the RX cannot ignore this field, when the length is less than 64-byte. So the field is at least needed when the length is less than 64-byte. Similar to PCP/DEI, either do not compress it at all, or rely on F-bit.
[bookmark: _Toc7355985][bookmark: _Toc7356448][bookmark: _Toc7356459][bookmark: _Toc16609316][bookmark: _Toc16756062][bookmark: _Toc16756107][bookmark: _Toc20130729][bookmark: _Toc20490588][bookmark: _Toc20733738][bookmark: _Toc20829738][bookmark: _Toc20818302][bookmark: _Toc20897509][bookmark: _Toc20908826][bookmark: _Toc20908905][bookmark: _Toc20984825]Length field can be compressed by TX-UE if the padding is removed. Otherwise, no compression for length field.
· Or if it is a type field (RX can judge this by reading format-1 packet), it may be changed. For example, in one identified link for one Ethernet flow, the first few packets are ARP packers with TYPE value “0806”, and the subsequent packets are IP packet with TYPE value “0800”.
[bookmark: _Toc7355986][bookmark: _Toc7356449][bookmark: _Toc7356460][bookmark: _Toc16609317][bookmark: _Toc16756063][bookmark: _Toc16756108][bookmark: _Toc20130730][bookmark: _Toc20490589][bookmark: _Toc20733739][bookmark: _Toc20818303][bookmark: _Toc20829739][bookmark: _Toc20897510][bookmark: _Toc20908827][bookmark: _Toc20908906][bookmark: _Toc20984826]No compression for type field.
CRC and feedback
Thirdly, a left issue is the necessity of CRC, which is helpful for RX to check the decompression result. In ROHC, it includes 3-bit to 8-bit, which is especially important for compressed packet, in order for RX to check the correctness of decompression and prevent damage propagation. Considering it is sufficient to guarantee that the packets delivered to PDCP layer are correctly transmitted over Uu by using legacy CRC in PHY layer, the benefit of EHC CRC is to check whether decompression for compressed packet is successful.
Before RAN2 making any conclusions, RAN2 firstly needs to consider whether the EHC is only for the case where feedback link is available. As we understood, the case with no available feedback link also exists in 5G system, to support the scenarios including e.g. uni-directional UM RLC link, multi-cast, sidelink. Thus, from our point of view, both available-feedback-link case and no-available-feedback-link case should be considered in EHC. Accordingly, to support unidirectional link case, non-feedback based transition from un-compression to compression is needed and CRC for compressed packet is needed. 
Observation 2 [bookmark: _Toc20733729][bookmark: _Toc20897501][bookmark: _Toc20908817][bookmark: _Toc20908898][bookmark: _Toc20984818]The answer to the necessity of CRC and feedback is associated to whether the EHC is only for the case where feedback link is available.
Observation 3 [bookmark: _Toc20733730][bookmark: _Toc20897502][bookmark: _Toc20908818][bookmark: _Toc20908899][bookmark: _Toc20984819]The case where the feedback link is not available also exists in 5G system.
[bookmark: _Toc20733740][bookmark: _Toc20818304][bookmark: _Toc20829740][bookmark: _Toc20897511][bookmark: _Toc20908828][bookmark: _Toc20908907][bookmark: _Toc20984827][bookmark: _Toc20733741][bookmark: _Toc20818305][bookmark: _Toc20829741]RAN2 discusses whether EHC is only designed for the case where feedback link is available. If no, EHC needs to support 1) non-feedback based trigger to initiate compressed header, 2) CRC in compressed header for decompress failure detection.
In 5G system, it is the majority scenario to configure bi-directional link or feedback link. In this case, ACK/NACK can be considered to improve forward transition and guarantee the reliability of state transition. In the case where the feedback link is available, RAN2 needs to further consider whether the feedback is based on the un-compressed packet or the compressed packet. Considering the possibility to support no-available- feedback-link and the benefit of same status transition rule to support different cases, the feedback in based on the compressed packet is preferred. 
However, if RAN2 agrees that EHC is only designed for the case where feedback link is available, we prefer feedback based trigger to initiate compressed header. Accordingly, CRC is not needed in EHC.
[bookmark: _Toc20733742][bookmark: _Toc20818306][bookmark: _Toc20829742][bookmark: _Toc20897512][bookmark: _Toc20908829][bookmark: _Toc20908908][bookmark: _Toc20984828]RAN2 considers the compressed packet based feedback in EHC for this case where the feedback link is available.
[bookmark: _Toc4000430][bookmark: _Toc4596520][bookmark: _Toc4746290] 
Conclusion
We made the following observations:
Observation 1	Context should be established for Ethernet header compression.
Observation 2	The answer to the necessity of CRC and feedback is associated to whether the EHC is only for the case where feedback link is available.
Observation 3	The case where the feedback link is not available also exists in 5G system.

And propose the following:
[bookmark: _GoBack]Proposal 1	PDCP data PDU is used for context establishment.
Proposal 2	1-bit Indication in EHC header is used for header format differentiation (i.e. full header and compressed header).
Proposal 3	4-bit indication in EHC header is used for CID.
Proposal 4	3-bit indication in full EHC header is used for Profile ID.
Proposal 5	For Q-tag, TPID and VID are always compressed, no compression for PCP and DEI.
Proposal 6	Length field can be compressed by TX-UE if the padding is removed. Otherwise, no compression for length field.
Proposal 7	No compression for type field.
Proposal 8	RAN2 discusses whether EHC is only designed for the case where feedback link is available. If no, EHC needs to support 1) non-feedback based trigger to initiate compressed header, 2) CRC in compressed header for decompress failure detection.
Proposal 9	RAN2 considers the compressed packet based feedback in EHC for this case where the feedback link is available.

[bookmark: _In-sequence_SDU_delivery]References
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