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1	Introduction
RAN2 has made a decision not to base Ethernet header compression on IETF Robust Header Compression (RoHC) framework but to develop a separate, simplified, structure-aware header compression solution for Ethernet. The new solution will be part of the PDCP layer similarly as RoHC. However, for Ethernet streams carrying IP packets, it would still be desirable to compress the IP and the associated transport protocol headers with RoHC, even while compressing the Ethernet headers with Ethernet Header Compression (EHC). This paper provides the rationale for combined use of EHC and RoHC and discusses how they can be used together for IP over Ethernet traffic on an Ethernet PDU session.
2	Discussion
The most relevant use case for Ethernet header compression is time sensitive industrial Ethernet traffic carrying small payloads. This type of traffic is in most cases not using IP but other industrial Ethernet application protocol stacks such as Profinet or EtherCAT. Furthermore, if IP is used, the most efficient way of carrying it through 5GS is to use IP PDU sessions (and RoHC therein) instead of Ethernet PDU sessions. Thus, one might argue that optimizing IP over Ethernet traffic on an Ethernet PDU session with mechanisms such as header compression is a bit of a paradox. 
There are however deployments where industrial Ethernet / TSN networks are used to carry also IP based time sensitive traffic and where the preferred method for integration with 5G is still to run the whole network as an end-to-end Ethernet network. The main reason would be to utilize Ethernet’s and 5GS’s Ethernet based Time Sensitive Networking (TSN) capabilities, i.e. deterministic delivery and time synchronization.  For that type of environment, it would be valuable to be able to compress both the Ethernet header and the IP and upper layer headers on top of it. For instance, in professional audio solutions using RTP/UDP/IP transport on top of Ethernet, most of the payload may actually be comprised of the RTP/UDP/IP headers, which are 40 bytes for IPv4. 
Observation 1: There are deployments where some of the time sensitive Ethernet traffic is IP based and it would be valuable to be able compress IP, UPD/IP or RTP/UDP/IP headers in addition to Ethernet header.
Given RAN2 has decided to develop a new structure-aware Ethernet compression solution for the PDCP layer, there are basically three approaches to combine RTP, UDP, IP and Ethernet header compression for an IP/Ethernet packet flow:
1.) Define new RoHC profiles for IP/Ethernet, UDP/IP/Ethernet and RTP/UDP/IP/Ethernet header structures.
2.) Define extensions or new profiles for 3GPP RAN2 Ethernet Header Compression for IP/Ethernet, UDP/IP/Ethernet and RTP/UDP/IP/Ethernet
3.) Use RoHC for IP, UDP/IP and RTP/UDP/IP in conjunction or “on top” of 3GPP RAN2 Ethernet header compression.
Options 1.) and 2.) would require work on new profiles beyond what is determined to be in scope of Release 16. Option 2.) would furthermore require capabilities not necessarily feasible for the Ethernet Header Compression framework, where simplicity is a key target. However, option 3.) should not necessarily require major additional work but would be just a combination of the already existing RoHC profiles and the new Ethernet header compression solution developed in RAN2. The rest of this paper focuses thus on that option. 
Observation 2: The combined use of the new Ethernet header compression method and RoHC could achieve a full RTP/UDP/IP/Ethernet compression solution already as part of Release 16.

3	Combined use of RoHC and Ethernet header compression
To make RoHC and Ethernet Header Compression work together correctly, the following aspects need to be addressed:
1.) Negotiation of the combined EHC and RoHC compression scheme at the PDCP session establishment time
RoHC channel parameters are negotiated by RRC when setting up the PDCP context. The main negotiated parameters are e.g. the supported profiles and the size of CID space.
The parameters for Ethernet Header Compression can be negotiated in the same way, independently from RoHC, with a set of new RRC information elements.  
By default, only EHC related negotiation would be relevant for Ethernet PDU sessions. The additional logic that 3GPP would need to define would be related to how to negotiate both EHC and RoHC for the same PDCP session, and what that would mean. The cleanest approach would be to define that if a PDCP peer indicates support for both EHC and RoHC, it means it supports their combined use as defined by 3GPP. The associated parameters for EHC and RoHC such as supported profiles would be negotiated as in the independent caes.
2.) Handling of normal data packets
In case both Ethernet header compression and RoHC are in use for the same data flow (as negotiated according to point 1.) above), PDCP implementation will need to be able to:
· In compression: Compress the IP (and above, depending on the profile) header structures according to RoHC and the Ethernet header with Ethernet header compression. The resulting packet transmitted would thus look like:

----------------------------------------------------------
| Ethernet HC header | RoHC header | Upper layer payload |
----------------------------------------------------------

· In decompression: Decompress the Ethernet header with Ethernet header compression and the IP (and above, depending on the profile) header structures with RoHC. This will require the ability to give RoHC implementation the part of the packet without Ethernet header, or an offset where the Ethernet header ends.
This would apply to all frames where IP packets are carried directly in payload of the EHC compressed Ethernet headers. Frames carrying non-IP based payloads (e.g. Profinet) or non-EHC compressible Ethernet extension headers (e.g. the R-Tag defined in IEEE 802.1CB) might bypass RoHC handling.

3.) Handling of feedback packets 
In case both Ethernet header compression and RoHC are in use for the same data flow, PDCP also needs to carry the feedback packets for both. RoHC feedback packets are identified by a dedicated PDCP PDU type. If a different type value is dedicated to Ethernet HC feedback packets, the two will not be mixed. For efficiency, it would also be possible to define a new feedback format carrying both EHC and RoHC feedback messages. This is possible if EHC feedback is defined to be of fixed length or its length is indicated in the feedback message itself.
Observation 3: It seems feasible to run Ethernet header compression and RoHC header compression for the same flow at the same time, given negotiation and feedback packet identification are properly specified.
Proposal 1: Specify the syntax and semantics of Ethernet and RoHC negotiation in such a way that PDCP peers can announce support for the combined use of both compression methods with specific profiles within the same PDCP session. 
Proposal 2: Specify the structure of the combined EHC and RoHC data packet, and how the compressor and decompressor side process packets in case the combined EHC and RoHC operation is enabled.
Proposal 3: Specify the Ethernet header compression data and feedback packet handling in such a way that RoHC can operate in parallel or “on top of” the Ethernet header compression. 

4	Conclusion
Based on the discussion in the paper, the following observations and proposal are made:
Observation 1: There are deployments where some of the time sensitive Ethernet traffic is IP based and it would be valuable to be able compress IP, UPD/IP or RTP/UDP/IP headers in addition to Ethernet header.
Observation 2: The combined use of the new Ethernet header compression method and RoHC could achieve a full RTP/UDPIP/Ethernet compression solution already as part of Release 16.
Observation 3: It seems feasible to run Ethernet header compression and RoHC header compression for the same flow at the same time, given negotiation and feedback packet identification are properly specified.
Proposal 1: Specify the syntax and semantics of Ethernet and RoHC negotiation in such a way that PDCP peers can announce support for the combined use of both compression methods with specific profiles within the same PDCP session. 
Proposal 2: Specify the structure of the combined EHC and RoHC data packet, and how the compressor and decompressor side process packets in case the combined EHC and RoHC operation is enabled.
Proposal 3: Specify the Ethernet header compression data and feedback packet handling in such a way that RoHC can operate in parallel or “on top of” the Ethernet header compression. 



