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1	Introduction
In its last meeting, RAN2 made the following conclusion about Ethernet Header Compression (EHC):
· The EHC can remove the following fields: SOURCE/DESTINATION ADDRESS, TYPE, and EHC do not support multiple formats 

The rationale of this decision is to keep EHC extremely simple and applicable for all Ethernet frame header formats in the exact same way. The downside however is that limiting EHC’s scope to just the baseline header fields makes it less efficient with extremely common Ethernet extension headers such as the IEEE 802.1Q VLAN header. Based on this conclusion it is not clear either how EHC could even later be extended on top of the baseline functionality. 
This contribution shows that a single relatively simple EHC “profile” can compress different header formats including also those with 802.1Q and 802.1ad tags in an unambiguous manner without explicit negotiation or signalling between the compressor and decompressor and argues that approach to be taken in EHC. It further proposes how to make EHC easily extensible for potential future profiles that could compress for instance 802.1CB (Frame Replication and Elimination, FRER) specific extension headers. 
2	Baseline operation and profile
There are basically three different Ethernet frame header formats that are widely used in real networks:
· Ethernet II format with DESTINATION MAC, SOURCE MAC and ETHERTYPE header fields
· Ethernet II format extended with a single 802.1Q VLAN header/tag
· Ethernet II format extended with one or more 802.1ad header/tag (known as S-tags) followed by a single 802.1Q VLAN header (known as a C-tag).
These formats are depicted, respectively, in the figure below.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/5/52/TCPIP_802.1ad_DoubleTag.svg/1328px-TCPIP_802.1ad_DoubleTag.svg.png]
In addition to Ethernet II format also IEEE 802.3 format is used to some (very small nowadays) extent. Its main difference to the baseline Ethernet II format is that the ETHERTYPE field is interpreted as LENGTH (which may be variable even within a single flow of frames between two end stations).
Based on the latest conclusion in RAN2, EHC could only compress (remove) DESTINATION MAC, SOURCE MAC and ETHERTYPE of any Ethernet II based frames, leaving the widely used 802.1Q and 802.1ad headers intact. It leaves open how EHC would deal with IEEE 802.3 based frames with variable LENGTH field.
There have been proposals how EHC compressor could indicate with specific header bits in the context forming initial uncompressed frames which exact header fields are removed. It is also possible to define multiple EHC “profiles” that each would handle a different set of fields. In that case the profile id would similarly be indicated in the initial uncompressed frames together with the context id.
[bookmark: _GoBack]However, it is also possible for the compressor and decompressor to parse all the four above frame header structures (three based on Ethernet II with or without 802.1Q and 802.1ad and also the IEEE 802.3 baseline) independently and based on that conclude which header fields are (to be) removed, without explicit signalling or multiple profiles. To achieve that, the compressor would have to work according to the following rules:
· If TYPE/LEN value is equal or smaller than 1500:
· Identification: This is an IEEE 802.3 format frame
· Compressor/decompressor operation: Remove/restore DESTINATION MAC and SOURCE MAC
· If TYPE/LEN value is larger than 1500 but not (0x8100 OR 0x88a8)
· Identification: This is an Ethernet II format frame without IEEE 802.1Q or IEEE 802.1ad headers/tags
· Compressor/decompressor operation: Remove/restore DESTINATION MAC, SOURCE MAC and TYPE/LEN
· If TYPE/LEN value is 0x8100
· Identification: This is an Ethernet II format frame with an IEEE 802.1Q VLAN header/tag
· Compressor/decompressor operation: Remove/restore DESTINATION MAC, SOURCE MAC, IEEE 802.1Q VLAN header and TYPE/LEN
· If TYPE/LEN value is 0x88a8
· Identification: This is an Ethernet II format frame with one or more IEEE 802.1ad headers/tags (S-tags) followed by an IEEE 802.1Q VLAN header/tag (C-tag)
· Compressor/decompressor operation: Remove/restore DESTINATION MAC, SOURCE MAC, one or more IEEE 802.1ad headers, IEEE 802.1Q VLAN header and TYPE/LEN
· Note: The existence of multiple 802.1ad headers (S-tags) is identified by inspecting if the TPID field value in the 802.1ad header:
· If TPID value is 0x8a88 the next header is 802.1ad header
· If TPID value is 0x8100 the next header is 802.1Q VLAN header
With these rules EHC can compress all of these four frame header formats into a single byte with simple header removal and restoration. As both compressor and decompressor follow these same rules, there is no need for signalling or indication of compressor actions to decompressor.
Observation 1: Limiting EHC’s scope to just removal of SOURCE ADDRESS, DESTINATION ADDRESS and TYPE header fields will make EHC inefficient with Ethernet frames carrying IEEE 802.1Q and 802.1ad headers/tags which are extremely common in industrial Ethernet use.
Proposal 1: EHC should support compression for four different type of frame formats in the following manner:
· IEEE 802.3: Remove DESTINATION MAC and SOURCE MAC
· Ethernet II baseline: Remove DESTINATION MAC, SOURCE MAC and TYPE
· Ethernet II with IEEE 802.1Q VLAN header: Remove DESTINATION MAC, SOURCE MAC, IEEE 802.1Q VLAN HEADER and TYPE
· Ethernet II with IEEE 802.1ad and IEEE 802.1Q VLAN headers: Remove DESTINATION MAC, SOURCE MAC, all IEEE 802.1ad HEADERs, IEEE 802.1Q VLAN HEADER and TYPE
This should be done with a single profile using common frame type identification and removal/restoration rules in compressor and decompressor. 

3	Support for additional profiles
3.1	Rationale and approach
Although as presented in Section 2, a single EHC profile can optimally compress various commonly used frame types including those containing IEEE 802.1Q and 802.1ad extension headers, this does not cover all current and possible future extension headers. One particular example is IEEE 802.1CB, which defines Frame Replication and Elimination for Reliability (FRER) service and introduces a specific extension header, the R-tag, for that purpose. R-tag cannot be optimally compressed by simple header removal, as it contains a growing Sequence Number field. In the future it might also make sense to extend EHC to cover also specific upper layer protocol headers. 
Including support for headers that require more complex operations than simple removal and restoration to EHC baseline is not recommended to keep the baseline simple. Support for upper layer protocols has been excluded from Rel-16. Support for future Ethernet header extensions is not possible until they are themselves defined. 
To cope with these kinds of future needs, EHC should have a clear extensibility model. Rather than reinventing the wheel, EHC should borrow this from Robust Header Compression (RoHC) and its profile concept.
Additional profiles could be defined for additional future Ethernet header structures such as the 802.1CB related R-tag as well as even for upper layer industrial Ethernet protocols if a need arises. 
Observation 2: Simple header removal is not enough to efficiently compress more complex Ethernet extension headers such as sequence numbers in 802.1CB related R-tags. 
Proposal 2: EHC should be extensible with additional profiles that are defined on top of the baseline operation and the “baseline profile”. The profile concept should be borrowed from Robust Header Compression (RoHC).

3.2	Profile configuration and indication
Support for multiple profiles needs mechanisms for agreeing the commonly supported profiles between the UE and gNB at the PDCP session setup time as well as indication of the chosen profile in the initial uncompressed EHC data packets. For this purpose, EHC should simply reuse the mechanism defined for RoHC in 3GPP. First, UE indicates the supported profiles as part of UE capabilities.  Based on this, gNB configures the profiles to be used for a DRB from the set of UE supported profiles. Any profile supported by both peers could be used within that PDCP session based on the decision of the gNB. It is important to underline that what is meant by the “profile” is not something dynamically negotiated. Profiles are pre-specified in the specifications, e.g. in the normative Annex as proposed currently in the PDCP running CR, in the section describing compressed header structures, there would be subsections dedicated to different profiles. When additional profiles are added in future, the compressor would then simply choose the profile to use during context establishment based on the Ethernet frame structure it receives from upper layers (e.g. depending on whether it contains R tag or not).
Proposal 3: EHC profile configuration for a DRB should follow the mechanism used in RoHC, i.e.  UE indicates supported profiles in UE capabilities and gNB configures profiles to be used for a certain DRB from within the UE supported profiles set.
Based on the above, even though initially a single profile could be supported, for EHC data packets, a profile id field should be included to the uncompressed packet header in addition to the packet type indicator and the context ID. The proposed Uncompressed packet header could thus be e.g.:
Packet type: 2 bits (Only two values are needed initially: Uncompressed and Compressed, but 2 bits would leave room for future extensions.)
Context Id: 6 bits
Profile Id: 4 bits (this should be enough)
Reserved: 4 bits (for future extensibility)
Thus, the uncompressed packet header would be 2 bytes. This should not be a major concern as uncompressed packets would only be sent in the very beginning of a new packet flow, while a vast majority of the packets would be of the compressed type.
Proposal 4: Profile id field should be added to the EHC uncompressed type data packet in addition to packet type and context header fields.
There would be no need to carry the profile id in compressed type packets, which could still be just one byte long:
Packet type: 2 bits
Context id: 6 bits

4	Conclusion
Observation 1: Limiting EHC’s scope to just removal of SOURCE ADDRESS, DESTINATION ADDRESS and TYPE header fields will make EHC inefficient with Ethernet frames carrying IEEE 802.1Q and 802.1ad headers/tags which are extremely common in industrial Ethernet use.
Observation 2: Simple header removal is not enough to efficiently compress more complex Ethernet extension headers such as sequence numbers in 802.1CB related R-tags. 
Proposal 1: EHC should support compression for four different type of frame formats in the following manner:
· IEEE 802.3: Remove DESTINATION MAC and SOURCE MAC
· Ethernet II baseline: Remove DESTINATION MAC, SOURCE MAC and TYPE
· Ethernet II with IEEE 802.1Q VLAN header: Remove DESTINATION MAC, SOURCE MAC, IEEE 802.1Q VLAN HEADER and TYPE
· Ethernet II with IEEE 802.1ad and IEEE 802.1Q VLAN headers: Remove DESTINATION MAC, SOURCE MAC, all IEEE 802.1ad HEADERs, IEEE 802.1Q VLAN HEADER and TYPE
This should be done with a single profile using common frame type identification and removal/restoration rules in compressor and decompressor. 
Proposal 2: EHC should be extensible with additional profiles that are defined on top of the baseline operation and the “baseline profile”. The profile concept should be borrowed from Robust Header Compression (RoHC).
Proposal 3: EHC profile configuration for a DRB should follow the mechanism used in RoHC, i.e.  UE indicates supported profiles in UE capabilities and gNB configures profiles to be used for a certain DRB from within the UE supported profiles set.
Proposal 4: Profile id field should be added to the EHC uncompressed type data packet in addition to packet type and context header fields.
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