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1	Introduction
WID on support for Industrial IoT contains the following objective [1]:
	· 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 [2], RAN2 sent an LS to IETF and IEEE to understand whether there are any concerns with 3GP specifying new profile for RoHC or a new Ethernet header compression algorithm and the response from IETF was received in [3]. Even though IETF indicated there are no issues for 3GPP to define RoHC profile for Ethernet header compression in Rel-16 timeframe, most companies were in favour of specifying a new algorithm for that purpose. Defining a new algorithm with completely new principles is in our opinion not achievable in Rel-16. Thus, the best approach is still to start with the RoHC framework but allow any non-backwards compatible modifications to it that can lead to simpler or more efficient compression for just what Ethernet needs. In this paper we discuss some of the simplifications and a few issues that should be resolved.
Proposal 1: The new Ethernet header compression algorithm should be defined as a simplification based on the existing RoHC framework. Non-compatible modifications to RoHC should be allowed when needed to make the solution simpler or more efficient (e.g. smaller compressed header), but not just for the sake of making things differently.

2 	Basic principles
In [4], the design principles are captured and we highlight the ones relevant for the structure-aware algorithm:
	Based on the analysis above, as a summary, the solution for header compression would build on the following principles:
-	Preamble, SFD and FCS are ignored are not transmitted thus not considered in Ethernet header compression.
-	Ethernet header compression considers the header fields DESTINATION ADDRESS, SOURCE ADDRESS, TYPE/LENGTH, Q-TAGs (including all sub-fields), but no further fields of the Ethernet header for structure-aware compression solution.
-	Additional complexity of removing padding in Ethernet header compression must be justified.
-	Further industrial protocols above Ethernet are not considered in structure-aware Ethernet header compression.
-	The developed structure-aware Ethernet header compression scheme does not consider IP header compression within a joint solution.
-	For structure-agnostic compression scheme, further fields, further industrial protocols above Ethernet, IP header are compressed together with Ethernet header.
-	PDCP at gNB is the network anchor for Ethernet header compression.



As the last point suggests PDCP should be the anchor for Ethernet header compression and header compression currently is captured in PDCP specifications, we think that the specification for Ethernet header compression should be captured in PDCP specification as well.
Proposal 2: Capture the specification for Ethernet header compression in PDCP specifications, i.e. in TS 38.323.
If the new compression algorithm is not strictly based on RoHC, it can not be negotiated in the exact same way as a new Ethernet profile. However, the same general negotiation framework as is used for RoHC negotiation should be applied. Negotiation should be flexible enough to negotiate the used algorithm separately in uplink or downlink direction.
Proposal 3:  Negotiation of the Ethernet header compression should be based on the same overall framework within PDCP as is used for RoHC, although it can not be negotiated exactly in the same way as a new RoHC profile. Uplink and downlink should be negotiated separately, and the negotiation should be flexible enough for future extensions (“profiles”) in the algorithm.
The agreed principles mention also that “Additional complexity of removing padding in Ethernet header compression must be justified”. This means that we may consider padding removal, in case the complexity is not high. Considering that in most of the current Ethernet deployments there is no frame length indication, padding removal is not that straightforward and could be linked to additional complexity. Therefore, we suggest to work on it only after all other details are clarified.
Proposal 4: Padding removal should only be discussed after finalizing the header compression for baseline Ethernet header structures as captured in TR 38.825.
Another aspect taken into consideration during SI phase was IP header compression and the conclusion was that “The developed structure-aware Ethernet header compression scheme does not consider IP header compression within a joint solution”. Thus the Ethernet header compression to be designed by RAN2 will only consider the following fields [4]:
	· Ethernet header compression considers the header fields DESTINATION ADDRESS, SOURCE ADDRESS, TYPE/LENGTH, Q-TAGs (including all sub-fields), but no further fields of the Ethernet header for structure-aware compression solution.



However, now that Ethernet header compression is to be based on a new algorithm, RAN2 should consider how it would be possible to later on add support for UDP/IP/Ethernet header stack or for specific non-IP based industrial Ethernet protocols. One approach would be to support them through additional “profiles” of the new algorithm (similar to how RoHC can support new protocol stacks). Another approach would be to define a real new RoHC profile for UDP/IP/Ethernet. Yet another approach (feasibility FFS) is to apply existing RoHC UDP/IP profile on top of the new Ethernet header compression. 
Proposal 5: For future extensibility, already when developing the new header compression algorithm just for Ethernet, RAN2 should consider the options for defining compression for UDP/IP/Ethernet or non-IP based industrial Ethernet protocols.

3 Simplified RoHC for Ethernet Header Compression
This section discusses how the RoHC framework could be simplified for the purposes of basic Ethernet header compression. 
Definition of Packet Stream, Compression Contexts and Channel
Ethernet header compression is applied on a stream of Ethernet frames where field values remain constant or change so predictably that the headers can be efficiently compressed using the same context. Context is the state in the compressor and decompressor used to compress and decompress the headers, respectively. Streams are sent over communication channels. If a channel is capable of carrying multiple streams in parallel, the compression scheme needs to assign each stream a different context identifier that is carried within the compressed headers. How large the context identifier space needs to be, depends on how many streams need to be carried over the same channel.
One of the first things in design of the Ethernet header compression solution is to define streams and how streams map to channels. In case of Ethernet, the simplest approach would be to define stream as a unique combination of source address, destination address, Type/Length (in case it denotes Type) and Q-Tag (except for PCP and DEI fields). More details on this will follow in section discussing header field classification.
In 5G, Each DRB (i.e. data radio bearer) is associated with one PDCP entity which carries the data of the specific radio bearer. One or more QoS flows may be mapped onto one DRB. Also, a single QoS flow can carry multiple streams. So, in general ROHC will have to support multiple contexts on a channel. However, as Ethernet header compression is most beneficial for URLLC/TSC type of Ethernet traffic, most likely for that traffic each stream would be carried on stream-specific DRB. If it can be agreed that only a small number of parallel compression contexts need to be supported, that can enable smaller header size for the packets carrying compressed headers.
For reference, a diagram depicting QoS architecture in 5G is copied here from TS 38.300.
[image: ]
Figure 1 QoS architecture in 5G NR (Source: 3GPP TS 38.300)

Observation 1: Agreement on the maximum number of parallel compression contexts, e.g. max 8 representable by 3 bits or max 16 representable by 4 bits, can enable making the compression related header sizes smaller. Considering that SA2 assumes multiple TSC streams may be mapped to a single QoS flow, it may be safer to support at least 16.

Classification of Header Fields
ROHC separates header fields into five classes: 
INFERRED: These fields contain values that can be inferred from other values, for example the size of the frame carrying the packet, and thus do not have to be handled at all by the compression scheme.    
STATIC: These fields are expected to be constant throughout the lifetime of the packet stream.  Static information must in some way be communicated once.    
STATIC-DEF: STATIC fields whose values define a packet stream. They are in general handled as STATIC.    
STATIC-KNOWN: These STATIC fields are expected to have well-known values and therefore do not need to be communicated at all.    
CHANGING: These fields are expected to vary in some way: randomly, within a limited value set or range, or in some other manner.
Most Ethernet header fields can be classified as STATIC-DEF meaning they define the stream and are always static within the stream. There are two special cases: 
· Type/Length field, if it is used to denote length (values below 1500) can change within the stream in case stream carries varying length frames. In that case the field value would need to be sent in whole or with some special encoding (shorter field, delta from the previous value, etc.). 
· Q-Tag Priority Code Point (PCP) and Drop Eligible Indicator (DEI) fields, altogether 4 bits, may change within a stream if different QoS or priority frames are carried within the stream. If the value changes from the previous frame it would have to be sent in a special manner. 
	Header Field 
	Type 

	Destination address
	STATIC-DEF

	Source address
	STATIC-DEF

	Type/Length
	STATIC-DEF or CHANGING

	Q-Tag: TPID
	STATIC-DEF

	Q-Tag: VLAN ID
	STATIC-DEF

	Q-Tag: PCP and DEI
	STATIC or CHANGING



Observation 2: If all of the Ethernet header fields can be defined as STATIC or STATIC-DEF, it may be possible to simplify the compression toolset compared to full RoHC based solution. This requires that Type/Length and Q-Tag PCP and TEI fields are not allowed to change during the lifetime of the stream.

Other potential simplifications wrt. ROHC framework
Some simplifications could be considered on the use of the full ROHC framework capabilities.
ROHC compression framework supports three different modes:
· Unidirectional mode (U-mode)
· Bidirectional optimistic mode (O-mode)
· Bidirectional reliable mode (R-mode)
O- and R-mode differ from each other in how much feedback there is for packet loss. It should be studied if O- or R-mode is more suitable for typical URRLC type of use cases.
ROHC compression can operate in three states:
· IR (Initialization – full header is sent), 
· FO (First order – partially compressed dynamic header is sent) and 
· SO (Second order – static and dynamic headers are compressed)
It should also be studied whether both FO and SO are needed for Ethernet profile where most header fields are static. 
Observation 3: It is possible to limit both RoHC modes and states from three to two, respectively, when defining the simplified RoHC framework for Ethernet header compression.
Proposal 6: Simplification of RoHC framework can be done at least in three areas: Simplified packet structures (aiming from minimum two-byte to one-byte compressed header format), reducing modes from three to two, and reducing states from three to two.
 
4 	Summary
[bookmark: _GoBack]The paper proposes that the new header compression solution for Ethernet header compression should be based on simplified RoHC framework and discusses how RoHC could be simplified to meet the needs of Ethernet header compression with a set of assumptions.
The following concrete proposals are made in this paper:
Proposal 1: The new Ethernet header compression algorithm should be defined as a simplification based on the existing RoHC framework. Non-compatible modifications to RoHC should be allowed when needed to make the solution simpler or more efficient (e.g. smaller compressed header), but not just for the sake of making things differently.
Proposal 2: Capture the specification for Ethernet header compression in PDCP specifications, i.e. in TS 38.323.
Proposal 3:  Negotiation of the Ethernet header compression should be based on the same overall framework within PDCP as is used for RoHC, although it can not be negotiated exactly in the same way as a new RoHC profile. Uplink and downlink should be negotiated separately, and the negotiation should be flexible enough for future extensions (“profiles”) in the algorithm.
Proposal 4: Padding removal should only be discussed after finalizing the header compression for baseline Ethernet header structures as captured in TR 38.825.
Proposal 5: For future extensibility, already when developing the new header compression algorithm just for Ethernet, RAN2 should consider the options for defining compression for UDP/IP/Ethernet or non-IP based industrial Ethernet protocols.
Proposal 6: Simplification of RoHC framework can be done at least in three areas: Simplified packet structures (aiming from minimum two-byte to one-byte compressed header format), reducing modes from three to two, and reducing states from three to two.
Related to RoHC simplifications, the following observations are made:
Observation 1: Agreement on the maximum number of parallel compression contexts, e.g. max 8 representable by 3 bits or max 16 representable by 4 bits, can enable making the compression related header sizes smaller. Considering that SA2 assumes multiple TSC streams may be mapped to a single QoS flow, it may be safer to support at least 16.
Observation 2: If all of the Ethernet header fields can be defined as STATIC or STATIC-DEF, it may be possible to simplify the compression toolset compared to full RoHC based solution. This requires that Type/Length and Q-Tag PCP and TEI fields are not allowed to change during the lifetime of the stream.
Observation 3: It is possible to limit both RoHC modes and states from three to two, respectively, when defining the simplified RoHC framework for Ethernet header compression.
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