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Introduction
[bookmark: _Toc524946176]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 this paper, we discuss the different solution approaches to specify structure-aware Ethernet header compression. In this updated version of the paper, we also consider the received LS reply from IETF [5] on feasibility of using RoHC for Ethernet header compression.
Discussion
With header compression applied to Ethernet, especially for the typically small payload sizes of industrial applications, large gains are expected. Different approaches were discussed to specify header compression during the study item phase and in the work item, a (header-) structure-aware approach such as a new PDCP header compression solution or reusing the ROHC framework with a new Ethernet ROHC profile should be specified. Before going into comparison of these structure-aware algorithms, let’s revisit the outcome of the study item when it comes to the header structure. 
The following design principles were summarized in [1] which can be reconfirmed:
[bookmark: _Toc3371878][bookmark: _Toc3373924][bookmark: _Toc4587322][bookmark: _Toc4587651][bookmark: _Toc4588349][bookmark: _Toc4588381][bookmark: _Toc4589698][bookmark: _Toc4590935][bookmark: _Toc4591846][bookmark: _Toc4592209][bookmark: _Toc5524764]Preamble, SFD and FCS are ignored and not transmitted thus not considered in Ethernet header compression.
[bookmark: _Toc3371879][bookmark: _Toc3373925][bookmark: _Toc4587323][bookmark: _Toc4587652][bookmark: _Toc4588350][bookmark: _Toc4588382][bookmark: _Toc4589699][bookmark: _Toc4590936][bookmark: _Toc4591847][bookmark: _Toc4592210][bookmark: _Toc5524765]Ethernet header compression considers the header fields DESTINATION ADDRESS, SOURCE ADDRESS, TYPE/LENGTH, Q-TAGs (including all sub-fields).
[bookmark: _Toc3371880][bookmark: _Toc3373926][bookmark: _Toc4587324][bookmark: _Toc4587653][bookmark: _Toc4588351][bookmark: _Toc4588383][bookmark: _Toc4589700][bookmark: _Toc4590937][bookmark: _Toc4591848][bookmark: _Toc4592211][bookmark: _Toc5524766]PDCP at gNB is the network anchor for Ethernet header compression.
In particular for structure-aware compression schemes from [1]:
[bookmark: _Toc3371881][bookmark: _Toc3373927][bookmark: _Toc4587325][bookmark: _Toc4587654][bookmark: _Toc4588352][bookmark: _Toc4588384][bookmark: _Toc4589701][bookmark: _Toc4590938][bookmark: _Toc4591849][bookmark: _Toc4592212][bookmark: _Toc5524767]No further fields of the Ethernet header are considered.
[bookmark: _Toc3371882][bookmark: _Toc3373928][bookmark: _Toc4587326][bookmark: _Toc4587655][bookmark: _Toc4588353][bookmark: _Toc4588385][bookmark: _Toc4589702][bookmark: _Toc4590939][bookmark: _Toc4591850][bookmark: _Toc4592213][bookmark: _Toc5524768]No industrial protocols above Ethernet are considered.
[bookmark: _Toc3371883][bookmark: _Toc3373929][bookmark: _Toc4587327][bookmark: _Toc4587656][bookmark: _Toc4588354][bookmark: _Toc4588386][bookmark: _Toc4589703][bookmark: _Toc4590940][bookmark: _Toc4591851][bookmark: _Toc4592214][bookmark: _Toc5524769]No IP header compression within a joint solution is considered.
It was noted as well that additional complexity of removing padding in Ethernet header compression must be justified. Due to the absence of the length field in the Ethernet header (since TYPE field is used instead in typical user plane traffic), considering removing padding in a structure-aware scheme would lead to further complexities, i.e. the length would need to be inferred from lower layer fields. We don’t believe this extra complexity is justified thus propose:
[bookmark: _Toc3371884][bookmark: _Toc3373930][bookmark: _Toc4587328][bookmark: _Toc4587657][bookmark: _Toc4588355][bookmark: _Toc4588387][bookmark: _Toc4589704][bookmark: _Toc4590941][bookmark: _Toc4591852][bookmark: _Toc4592215][bookmark: _Toc5524770]Padding removal is not considered.
In the following, we discuss the different solution approaches for structure-aware compression, mentioned during the study item phase.

On structure-aware approaches: New PDCP & ROHC-profile
Structure-aware approaches for header compression utilize the knowledge of the header structure. Two solutions have been brought forward during the study item phase for Ethernet header compression: a new PDCP solution, and reusing ROHC with a new Ethernet ROHC profile.
The ROHC framework used now for IP (and above) header compression in UL and DL in NR defines already several features essential to supporting Ethernet header compression in Industrial IoT. Furthermore, the header structure to which ROHC is applicable is defined in ROHC profiles. An Ethernet ROHC profile can be defined, which allows reusing the ROHC framework and its features, as well as requires no PDCP specification effort, as ROHC is already integrated in PDCP procedures. Considering this, there is no technical advantage of defining a new PDCP algorithm from scratch specific for Ethernet header compression. The development and standardization effort of a new PDCP algorithm is clearly more time-consuming than just defining a new ROHC profile. And furthermore, it is unclear how much additional effort would be required to provide not only a minimally working new PDCP solution but a decent solution that can reach robustness and efficiency of a ROHC-based solution. 
[bookmark: _Toc3373937][bookmark: _Toc4587319][bookmark: _Toc4588357][bookmark: _Toc4589693][bookmark: _Toc4591854][bookmark: _Toc4592217][bookmark: _Toc4595538][bookmark: _Toc4670573][bookmark: _Toc5524750]Definition of a new PDCP solution would require significant development and standardization effort, for which compression performance is entirely unclear.
We analyse the features of the ROHC framework in [3], such as handling of multiple packet flows, pre-defined compression methods and robustness against failures. Those features basically “come for free” when the ROHC framework is reused for header compression. A particular benefit of reusing ROHC is that specification of a new ROHC profile does not require any changes in the header compression algorithm in PDCP specification, or ROHC framework integration in general in the PDCP specification.
[bookmark: _Toc4588360][bookmark: _Toc4589694][bookmark: _Toc4591855][bookmark: _Toc4592218][bookmark: _Toc4595539][bookmark: _Toc4670574][bookmark: _Toc5524751]Specifying a ROHC profile has no impact to PDCP.
[bookmark: _Toc4589695][bookmark: _Toc4591856][bookmark: _Toc4592219][bookmark: _Toc4595540][bookmark: _Toc4670575][bookmark: _Toc5524752]ROHC framework as currently integrated in PDCP can be readily reused for NR Ethernet header compression.
The new PDCP solution approach was merely seen as a noteworthy alternative to reusing ROHC, considering the at this point in time unclear potential difficulties in specifying a ROHC profile for Ethernet in 3GPP RAN2, since ROHC profiles are so far specified by IETF, identifiers for such profiles assigned by IANA, and Ethernet defined by IEEE. An LS [4] was sent to IETF to clarify these questions. Meanwhile the LS reply has been received from IETF [5], in which these concerns are lifted, in particular:
[bookmark: _GoBack]Q1: Does IETF or IEEE have any concerns with 3GPP defining new RoHC profile for Ethernet header compression?
Answer: IETF has no issues with 3GPP defining a ROHC profile as long it is registered with IANA.
[bookmark: _Toc3373938][bookmark: _Toc4587320][bookmark: _Toc4588358]From this reply it becomes clear that 3GPP RAN2 is indeed eligible to specify an Ethernet ROHC profile in its own specifications, and that solely a ROHC profile identifier needs to be requested by IANA. Furthermore, it is the understanding from RAN2#105 that it was agreed:
R2 don’t expect a negative reply from IEEE and think thus work could start without awaiting that reply.

Therefore we can conclude:
[bookmark: _Toc4589696][bookmark: _Toc4591857][bookmark: _Toc4592220][bookmark: _Toc4595541][bookmark: _Toc4670576][bookmark: _Toc5524753]There are no concerns from IETF to specify a ROHC profile for Ethernet by 3GPP as clarified in LS reply [5]. Furthermore, we do not need to wait for IEEE reply as per agreement.
Moreover, it was discussed what a potential delay in standardization when coordinating with e.g. IETF could happen. This was also clarified in LS reply [5]: 
Q3: In case 3GPP is allowed to develop RoHC profile for Ethernet header compression, does it have to be registered with IANA. If yes, how long can such process take?
Answer: For 3GPP to be assigned a ROHC profile identifier the new profile needs to be registered with IANA. This registry operates under a Specification Required policy. A 3GPP technical specification meet the formal requirements of this policy and enable registration. There is also an IANA expert review, this review is to verify that the registration is for a ROHC profile with an interoperable description. The IANA registration process should be accomplished from submitted request to completion in a couple of weeks (2-4) given no issues are identified. When the expert has approved the registration the IANA will assign the profile an identifier.
By this reply, also any potential concerns regarding a too-long coordination time among specification bodies is lifted. The LS reply [5] further states that even preliminary version of the 3GPP-developed RoHC profile can be provided to IANA for expert review in order to preclude any potential issues.
[bookmark: _Toc5524754]IANA registration process of a new RoHC profile can be completed in a couple of weeks.
Another potential concern could have been on specification interdependencies, for which the LS reply [5] clarifies: 
[... ] When registration has been approved, IANA will assign a profile identifier that can be added to the 3GPP specification. Continued maintenance of the ROHC profile is solely under 3GPP responsibility. [...]
[bookmark: _Toc5524755]Specification (maintenance) of RoHC profile are solely under 3GPP responsibility.
It shall be noted that also when it comes to the specification effort, defining a ROHC profile only requires minimal specification work, in particular when considering only the rather static fields of the Ethernet header as intended, i.e. not considering advanced compression algorithms. ROHCv2 profiles i.e. profiles for RTP, UDP, IP, ESP and UDP-Lite are specified in RFC5225. A ROHC profile defines the compression algorithm and profile-specific packet formats, i.e. header fields to be considered. To address static fields, existing methods can be reused common to all profiles, so that 3GPP only needs to define the profile-specific packet formats for the Ethernet header. Reviewing RFC5225, Section 6, shows that also most of those format-aspects (e.g. segmentation, profile operation, control fields, reconstruction/verification, header chains, encoding methods, external parameters for compression algorithm) can be reused are not applicable to Ethernet header compression. Solely, RFC5225 Section 6.8, which defines the header formats to be considered, would need to be defined for Ethernet. In its simplest form, the ROHC format for Ethernet would include the following compression format:
  COMPRESSED eth_static {
    src_addr               =:= static;
    dst_adr                =:= static;
    type_length            =:= static;
    q_tag                  =:= static;
  }

From this initial analysis of RFC5225 i.e. the ROHC profile definition, it can be concluded that:
[bookmark: _Toc3373939][bookmark: _Toc4587321][bookmark: _Toc4588359][bookmark: _Toc4589697][bookmark: _Toc4591858][bookmark: _Toc4592221][bookmark: _Toc4595542][bookmark: _Toc4670577][bookmark: _Toc5524756]Specifying a ROHC profile requires insignificant specification effort.
The NR_IIOT WID defines also the objective of specifying the Ethernet header compression for LTE (at a later stage). Since the ROHC framework is referenced in both LTE and NR PDCP specifications, defining a new ROHC profile for Ethernet is a common solution that can be reused in LTE directly. In contrast to that, if a new NR PDCP algorithm for header compression was defined, it cannot be mapped to LTE directly, since LTE PDCP specification differs from NR PDCP. 
[bookmark: _Toc4595543][bookmark: _Toc4670578][bookmark: _Toc5524757]ROHC-profile based Ethernet header compression solution is applicable also to LTE (considered in WID), while new PDCP-based solution is not.
Taking all the above observations into account, in particular the LS reply from IETF [5] it is proposed: 
[bookmark: _Toc3373932][bookmark: _Toc4587329][bookmark: _Toc4587658][bookmark: _Toc4588356][bookmark: _Toc4588388][bookmark: _Toc4589705][bookmark: _Toc4590942][bookmark: _Toc4591853][bookmark: _Toc4592216][bookmark: _Toc5524771]ROHC-profile-based solution is used for Ethernet header compression.

Conclusion
The following observations have been made:
Observation 1	Definition of a new PDCP solution would require significant development and standardization effort, for which compression performance is entirely unclear.
Observation 2	Specifying a ROHC profile has no impact to PDCP.
Observation 3	ROHC framework as currently integrated in PDCP can be readily reused for NR Ethernet header compression.
Observation 4	There are no concerns from IETF to specify a ROHC profile for Ethernet by 3GPP as clarified in LS reply [5]. Furthermore, we do not need to wait for IEEE reply as per agreement.
Observation 5	IANA registration process of a new RoHC profile can be completed in a couple of weeks.
Observation 6	Specification (maintenance) of RoHC profile are solely under 3GPP responsibility.
Observation 7	Specifying a ROHC profile requires insignificant specification effort.
Observation 8	ROHC-profile based Ethernet header compression solution is applicable also to LTE (considered in WID), while new PDCP-based solution is not.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Preamble, SFD and FCS are ignored and not transmitted thus not considered in Ethernet header compression.
Proposal 2	Ethernet header compression considers the header fields DESTINATION ADDRESS, SOURCE ADDRESS, TYPE/LENGTH, Q-TAGs (including all sub-fields).
Proposal 3	PDCP at gNB is the network anchor for Ethernet header compression.
Proposal 4	No further fields of the Ethernet header are considered.
Proposal 5	No industrial protocols above Ethernet are considered.
Proposal 6	No IP header compression within a joint solution is considered.
Proposal 7	Padding removal is not considered.
Proposal 8	ROHC-profile-based solution is used for Ethernet header compression.
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