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1	Introduction
The study on NR-IIoT concluded (see TR 38.825 [1]) among others that Ethernet header compression is beneficial in the context of Industrial IoT. The work item [2] defines the following related objective:
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.
In previous RAN2 meeting, the solutions for header compression had been discussed and it had been agreed: 
We develop Ethernet header compression 100% in 3GPP TS (not by extending ROHC)

In this contribution we discuss the solution design for the new 3GPP-based Ethernet header compression solution. Additionally, in our companion paper [3], principles and requirements for header compression are discussed.
[bookmark: _Ref178064866]2	Discussion
Assuming PDCP as the anchor protocol for the new Ethernet header compression solution (outcome of study item, further discussed in [3]), compression and decompression would be carried out on radio bearer level, on which multiple QoS flows would be multiplexed. Ethernet/TSN traffic classes/streams could consists of different flows, i.e. groups of packets with same header field values. In turn, multiple Ethernet/TSN flows could be mapped to different QoS flows. Therefore, on PDCP level, multiple flows for header compression are to be expected. Hence, we propose a design, where:
[bookmark: _Toc7697824]Compressor defines what is a flow, and associates a flow ID with certain static header field values.
[bookmark: _Toc7697825]Compressor sends mapping of flow ID to static header field values to decompressor. 
[bookmark: _Toc7697826]Compressor sends as compressed headers the flow ID and only header field values changing/diverging from static header field values that defined the flow.
Based on the above, the decompressor, can upon reception reconstruct the full Ethernet header and deliver the Ethernet frame to upper layers.
[bookmark: _Toc7697827]Decompressor re-constructs full Ethernet header based on received changed/diverging header fields and stored static header fields associated with the received flow ID. 
Given the anchor point for the Ethernet header compression is PDCP, and PDCP specifies already header compression/decompression pointing to ROHC for IP, it is straight-forward to also specify the new Ethernet header compression solution as part of PDCP TS 38.323. Whenever according to the PDCP transmission/reception/re-establishment algorithm header compression/decompression is invoked, Ethernet header compression shall be done, if configured. Existing ROHC header compression may be invoked as well, if configured, with its operation independent from the new Ethernet header compression. 
[bookmark: _Toc7697828]Ethernet header compression is specified in PDCP TS 38.323. Existing specification text to invoke header compression/decompression is reused, pointing to Ethernet header compression (in addition to ROHC for IP-compression), if configured.
To convey the mapping of flow ID to static header fields in the first place the following different methods may be thought of:
· RRC-configuration of flow ID to header field values: we think this method is infeasible, since the Ethernet header field values are not known beforehand before user-plane traffic starts. Then RRC-configuration signalling may be too slow until the header compression context is established in the receiver. Furthermore, RRC-configuration may be unsynchronized with start/stop of sending compressed packets in the user plane. 
· PDCP control PDU for flow ID to header field value mapping: while being faster than RRC-configuration, usage of PDCP control PDU would still have the issue of not being aligned with the stream of PDCP data PDUs carrying the compressed packets, since no PDCP sequence number is included in the PDCP control PDU and there is no requirement of sending it in-sequence with other PDCP data.
· PDCP data PDU for flow ID to header field value mapping: this can be considered as an uncompressed format, including flow Id and header field values, as well as payload data. Using the PDCP data PDU has the advantage of that the PDCP sequence number can be reused for in-order compression/decompression, i.e. ensure that an uncompressed format of a flow is processed before a compressed format of that flow. We propose therefore:

[bookmark: _Toc7697829]PDCP data PDU is utilized to convey mapping between flow ID and header field values to decompressor (uncompressed format), as well as the compressed header.
Example formats for PDCP Ethernet header compression are illustrated in the following. Those are based on the existing 12-bit PDCP data PDU format, assuming that 18-bit are not needed, given the short expected queuing/round-trip times for TSN traffic types. 
A first bit indicates whether the PDU is of uncompressed PDU format, or compressed PDU format.
The flow ID identifies to which flow of static header field values subsequent compressed PDUs belong to.
In the uncompressed PDCP format for Ethernet header compression, all Ethernet header fields shall be included. This allows for always excluding those fields from the PDCP payload/data part and avoids any unclarity for parsing whether some Ethernet header parts remain in the PDCP payload/data part. 
The uncompressed format shall also include bits/flags indicating which of the Ethernet header field (or parts of those) shall be considered static and which ones non-static. This defines basically the format of the compressed format.
The compressed format consists beside basic PDCP header (SN) and flow ID, about the Ethernet header fields that were labelled as non-static in the uncompressed format. Within the flow, the format stays the same for all PDUs. The format (which fields are included) must be defined, to allow proper parsing, i.e. identify start of data/payload part. 

[image: ]
Figure 1: Potential PDCP data PDU formats for Ethernet header compression.

[bookmark: _Toc7697830]RAN2 to consider PDCP data PDU uncompressed/compressed format (figure 1) as baseline. Details FFS.
Usage of those formats is illustrated in the subsequent figure for an example of a flow which is defined by the static header field values for destination address, type field and TAGs, however varying (multiple) source addresses. In this example, instead of assigning for those different source addresses different flow Ids i.e. defining multiple flows, the compressor choses to assign flow ID 1 and consider the source address as changing within the flow. This would be indicated in the uncompressed format PDU, with PDCP SN 1. All subsequent PDCP PDUs would be send with the compressed format, i.e. PDCP SN 2, 3, pointing to the same flow ID 1, and beside the payload/data would only include the varying source address field in the PDCP Ethernet compression header. 

[image: ]
Figure 2: Example Ethernet compression flow, where all Ethernet header fields are static, except source address.
[bookmark: _Ref189046994]3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Compressor defines what is a flow, and associates a flow ID with certain static header field values.
Proposal 2	Compressor sends mapping of flow ID to static header field values to decompressor.
Proposal 3	Compressor sends as compressed headers the flow ID and only header field values changing/diverging from static header field values that defined the flow.
Proposal 4	Decompressor re-constructs full Ethernet header based on received changed/diverging header fields and stored static header fields associated with the received flow ID.
Proposal 5	Ethernet header compression is specified in PDCP TS 38.323. Existing specification text to invoke header compression/decompression is reused, pointing to Ethernet header compression (in addition to ROHC for IP-compression), if configured.
Proposal 6	PDCP data PDU is utilized to convey mapping between flow ID and header field values to decompressor (uncompressed format), as well as the compressed header.
Proposal 7	RAN2 to consider PDCP data PDU uncompressed/compressed format (figure 1) as baseline. Details FFS.
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