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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 meetings, the following agreements were reached. In RAN2#105bis:
· We develop Ethernet header compression 100% in 3GPP TS (not by extending ROHC)

In RAN2#106:
· 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

In this contribution we discuss the solution design for the new 3GPP-based Ethernet header compression (EHC) solution. Additionally, in our companion paper [3], principles and requirements for header compression are discussed. Furthermore, we discuss the separate issues of robustness in [4].
[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 (also as per agreement), 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, and each such flow is identified with a context ID (as agreed). Further it was agreed as a design principle that to create a context, the compressor transmits at least one packet with full header, before compressor starts transmitting compressed packets. 
Given the anchor point for the Ethernet header compression is PDCP (as discussed in [3]), 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: _Toc16692905]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 context/flow ID to static header fields in the first place the following different methods may be thought of:
· RRC-configuration of context 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. This method also does not appear to be in-line with the agreements from RAN2#106.
· PDCP control PDU for context 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 context 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 understand that this is also most in-line with the agreement (“compressor transmits at least one packet with full header and context id (to establish context in decompressor”). We propose therefore:

[bookmark: _Toc16692906]PDCP data PDU type is utilized to convey mapping between context 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. 
According to the agreements from RAN2#106, the following fields shall be (at least included):
· Context ID
· Indication of header format (i.e. full header and compressed header), 
· FFS other field, e.g. profile ID

Related to the FFS on the profile ID: which fields of the Ethernet header remain static within a flow is highly use-case and scenario dependent. Even at the setup of a flow, it may be unclear which of the including fields remain static throughout its lifetime. For compressor flexibility in defining what is a flow, it is beneficial to have the possibility to be able to indicate which of the Ethernet header field (or parts of those) are to be considered static and which ones non-static. For example, a flow may be defined as having the same destination address, while multiple source addresses are possible; or a flow may be defined as having both same source and destination address, as well as same VLAN Tag, while other parts of the Q-TAG may be changing. Those different flow definitions, i.e. which fields are static, can be considered as different compression profiles. . When the flow is defined, i.e. at transmission of the uncompressed format, bits/flags defining the profile, can be included in the uncompressed format defining which header fields remain non-static and thus will be included in the subsequent compressed formats of the flow. This way, basically the format of the compressed format of the flow is defined. 
[bookmark: _Toc16692907]PDCP data PDU header for uncompressed format includes (beside format flag and context ID) bit-flags constituting the profile ID, indicating which Ethernet headers are defined non-static for the flow – defining the compressed format.
[bookmark: _Toc16692908]PDCP data PDU header for compressed format includes no further fields beside format flag and context ID.  PDCP data PDU payload of compressed format only includes Ethernet header field values indicated as non-static in the uncompressed format, i.e. those fields changing/diverging from static header field values that defined the context.
This way, the compressed format payload part is clearly defined. Within the flow, the format stays the same for all PDUs. The format (or profile, i.e. which fields are included) must be defined, to allow proper parsing in the decompressor, i.e. identify start of Ethernet payload part. 


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

[bookmark: _Toc16692909]RAN2 to consider PDCP data PDU uncompressed/compressed format (figure 1) as baseline.
As becomes obvious from the figures, and is already considered for ROHC, Ethernet header compression is not applicable to the SDAP header. 
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 context Ids i.e. defining multiple flows, the compressor choses to assign context 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 sent with the compressed format, i.e. PDCP SN 2, 3, pointing to the same context 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 of one Ethernet compression flow, where all Ethernet header fields are static, except source address.

2.1 Details on PDCP PDU formats for EHC
In the following we go into more details, when it comes to the PDCP data PDU formats. Before doing so, let us first review the possible Ethernet header fields regarding how static they would be within a flow. Thereby, it is important to remember that with the format above, it is up to UE/gNB compressor to define what is a flow, i.e. which fields are static. We comment on the fields assuming a typical implementation. 
· Destination Adr (6 oct), Source Adr (6 oct), might be static or changing within a flow (e.g. multiple sources, same destination)
· Length/TYPE field (2 oct), depending on value, field is interpreted as length of Ethernet frame, or as type field, in which case Q-Tags are included in the Ethernet header. 
· Q-TAG (4 oct): single or double tagging might be used, i.e. one or two Q-TAGs may be included if indicated so by the TYPE field. Q-TAG consists of
· Tag protocol identifier (TPID) (2 oct), identifies the TAG type, typically static within a flow
· Priority code point (PCP), Drop eligible indicator (DEI), (4 bits together), priority and drop indicators; may be used in certain bridge implementations and thus cannot be assumed to be static within a flow.
· VLAN identifier (VID), (12 bit), identifies VLAN flow, may be typically interpreted as static within a flow.
· R-TAG (6oct): We think important to consider in the context of TSN integration is also the R-TAG according to IEEE 802.1CB. It provides a sequence number of frame replication/elimination feature in TSN bridging. It consists of the following sub-fields:
· TYPE field (2 oct).
· Reserved (2 oct), static
· Sequence Number (SN), (2 oct), is incrementing, and thus is never static. 

The R-Tag had not been discussed much in RAN2 yet, however due to its relevance in TSN integration, can be considered explicitly for Ethernet header compression. For further information, R-Tag is also referred to in  3GPP TR 23.725 for TSN frame replication and elimination 
[bookmark: _Toc16692910]Consider IEEE 802.1 CB R-TAG in EHC.

The following PDPC PDU format definition considers all those fields in the uncompressed format. The optional fields from Ethernet header i.e. the Q-Tags, would only be included, if present (as identifiable from Length/Type field). The compressed format includes 7 optional header fields, those fields or parts of header fields are identified as changing i.e. non-static within the flow. Correspondingly bits/flags are included in the uncompressed format to indicate whether those fields are present in the compressed format. 
Particular attention should be drawn to the compressed format inclusion of a 1 oct line for PCP DEI fields of both Q-Tag1 and Q-Tag2 (if exists). This makes sense, as an alternative option to include both Q-Tags as a whole, since PCP DEI fields are typically the only changing parts of a Q-Tag. 

[image: ]
Figure 3: Example detailed PDCP data PDU formats for EHC.

[bookmark: _Ref189046994][bookmark: _GoBack]3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	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 2	PDCP data PDU type is utilized to convey mapping between context ID and header field values to decompressor (uncompressed format), as well as the compressed header.
Proposal 3	PDCP data PDU header for uncompressed format includes (beside format flag and context ID) bit-flags constituting the profile ID, indicating which Ethernet headers are defined non-static for the flow – defining the compressed format.
Proposal 4	PDCP data PDU header for compressed format includes no further fields beside format flag and context ID.  PDCP data PDU payload of compressed format only includes Ethernet header field values indicated as non-static in the uncompressed format, i.e. those fields changing/diverging from static header field values that defined the context.
Proposal 5	RAN2 to consider PDCP data PDU uncompressed/compressed format (figure 1) as baseline.
Proposal 6	Consider IEEE 802.1 CB R-TAG in EHC.
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