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1. Introduction
In RAN#81 meeting, a revised Study item on NR Industrial Internet of Thing [1] has been approved. The objectives of the study include Ethernet header compression:
a) Ethernet header compression (RAN2):

i) Analysis of the benefits and the scenario (e.g. what are the formats and size of Ethernet frame to be considered, are VLAN fields included, protocol termination etc.). 

ii) Definition of the requirements for a new header compression.
In this paper, we will discuss issues about Ethernet header compression and give our preferences. 
2. Header Compression
Ethernet is a family of computer networking technologies commonly used in local area networks (LAN), metropolitan area networks (MAN) and wide area networks (WAN). It was standardized as IEEE 802.3 and has since been refined to support higher bit rates and longer link distances. Due to the high data rate used in such networks Ethernet header compression was never a big issue.

Typical L2 Ethernet header contains destination and source MAC addresses as its first two fields. Further header fields may include optional VLAN tag (broadly deployed especially in TSN), Ethertype (most commonly deployed) or length fields according to network scenarios. The middle section of the frame is payload data including any headers for other protocols (e.g. IP) carried in the frame. The frame ends with a frame check sequence (FCS), which is a 32-bit cyclic redundancy check used to detect any in-transmit corruption of data. Figure 1 shows the most commonly deployed Ethernet header in today’s networks, which is static for a given flow and thus can be entirely trimmed from a compressed packet.
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Figure 1: Most common Ethernet header
In industrial network scenarios, small Ethernet frames are common case. Hence Ethernet header compression can provide considerable gain. Furthermore URLLC radio link transmissions are very costly, and reducing the overhead is therefore  important.
As IETF has not readily available compression profiles for Ethernet header, either IETF or 3GPP should work further for Ethernet header compression. In our view, 3GPP could be capable of designing the Ethernet header compression if we only compress the static part of header, which means to replace the compressed header with a compression index.
Proposal 1: Ethernet header compression function may only consider the static part of the header which compression can be specified within 3GPP. 
Regarding the directions (UL/DL) applicable to Ethernet header compression, SA2 captured the following requirements for 5GS and TSN integration (Section 6.6.3 of [2]):

The following principles need to be supported:

-
Ingress and Egress ports connecting TSN end stations or TSN Bridges to the UE;

-
Egress and Ingress ports connecting TSN end stations or TSN Bridges to the UPF;

From the above it is clear that Ethernet ingress flows must be supported at both the UE and the UPF. Therefore, the Ethernet header compression is useful and shall be supported on both directions.

Proposal 2: Ethernet header compression is supported in both UL and DL directions.
About which layer performs Ethernet header compression function, there are following alternatives:
Alt1: Above-RAN Ethernet header compression, e.g. in UPF for CN side and NAS (or above) for UE side;

Atl2: RAN performing Ethernet header compression based on PDU session or flow level, e.g. in SDAP layer;

Alt3: RAN performing Ethernet header compression based on DRB level, e.g. in PDCP layer;

For Alt1, it belongs to the work scope of SA. The advantage of Alt1 is that header overhead between CN node and UE will be also reduced. But since both UL and DL header compression are needed, two peer user plane entities will be supported between UE higher layer and CN node for header compression function. Furthermore, if current flow indicator, e.g. QFI, can be reused for header compression index, overhead can be further reduced. This Alt1 may be evaluated by SA2.
For Alt2 and Alt3, RAN L2 user plane entities will execute Ethernet header compression function. Different L2 layers can be chosen, e.g. SDAP layer for PDU session or flow level header compression, PDCP layer for DRB level header compression and even a new layer. In summary, PDCP is the layer which is in charge of ROHC currently. Hence it is a natural way to use PDCP layer for Ethernet header compression.
Proposal 3: RAN2 to support PDCP layer for executing Ethernet header compression function. 
About how to perform Ethernet header compression, a basic idea is to firstly build mapping relationship between compression index and the compressed header part and then replace header with corresponding index in subsequent packets. The following figure gives a basic compression procedure illustration.
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Figure 2 Basic compression procedure

Ethernet header compression is a new function for IIoT case. It may be separate from current ROHC function. For a legacy service, there is only ROHC requirement but no Ethernet header compression requirement. For an IIoT service, it may need both ROHC and Ethernet header compression simultaneously according to its internal transport protocol type. Hence Ethernet header compression and current ROHC should be separately configured and executed.
Proposal 4: Ethernet header compression and current ROHC should be separately configured and executed. 
3. UDC

In LTE Rel-15, DEFLATE based Uplink Data Compression (UDC) solution had been introduced into LTE PDCP layer [3]. The UDC protocol is used to compress whole PDCP SDU including the payload part and can achieve a considerable compression gain. The compression principle of UDC is to compress repeated contents between and inside packets.
In IIoT, header fields of Ethernet packets are mostly static, which is suitable to use UDC to compress. Furthermore, if payload parts of IIoT packets are repeated to some extent, UDC protocol can also achieve a non-negligible compression gain and save transmission resources greatly, where resource efficiency is a big problem in IIoT due to extreme requirements for ultra high reliability and low latency.
Current LTE UDC is only used for uplink because uplink transmission for cell edge users is urgent to solve in that time. From technical point of view, there is no limitation for downlink usage. Furthermore UDC is only for AM services because UDC is sensitive for packet loss. Desynchronization between compressor and decompressor will lead to decompression failure. But UDC had introduced checksum error handling and reset procedure for failure recovery. Even if IIoT services are not configured with AM mode, high reliability requirement, e.g. 10^-6 to 10^-9 packet loss rate, can ensure that failure is a very small probability event. 
In summary, UDC can be used to compress IIoT packets including header and payload with little specification efforts.
Proposal 5: RAN2 to consider UDC for IIoT packet compression. 
4. Conclusion

This contribution discussed some preliminary aspects of the Ethernet Header Compression function for IIoT systems. The resulting proposals are as follows:

Proposal 1: Ethernet header compression function may only consider the static part of the header which compression can be specified within 3GPP. 
Proposal 2: Ethernet header compression is supported in both UL and DL directions.
Proposal 3: RAN2 to support PDCP layer for executing Ethernet header compression function. 
Proposal 4: Ethernet header compression and current ROHC should be separately configured and executed. 
Proposal 5: RAN2 to consider UDC for IIoT packet compression. 
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