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1	Introduction
In the NR IIoT WID, the following objectives have been identified for TSC-related enhancements:
	The detailed objectives for NR TSC-related enhancements include:
· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
· 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.




Clearly, due to the small packet size nature of TSC, enhancement on Ethernet Header Compression (EHC) is beneficial in terms of improving efficiency. The objective of this paper is to present some of our views toward the design of Ethernet Header Compression mechanism. 
2	Discussion
The following agreement has been reached in RAN2#106:
	· Ethernet Header Compression (EHC) is configured per DRB, separately for UL and DL
· Context ID concept is used 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 transmitting compressed packets. FFS if multiple transmissions and/or feedback is needed.  
· EHC header format is designed to include the following mandatory fields: Context ID, indication of header format (i.e. full header and compressed header), FFS other field, e.g. profile ID



Although it was agreed that a new algorithm should be used by 3GPP to define Ethernet Header Compression mechanism, from our point of view several design principles of RoHC can be re-used or extended. In particular, the following concepts from RoHC should be borrowed:
· Profiles: EHC may initially start with a single profile but for future extensibility it would be good to reserve the possibility to support multiple profiles. Examples might be a common IP/Ethernet profile, or a profile supporting a specific industrial Ethernet application protocol.
· Compression negotiation: EHC should use the same approach as RoHC. This means endpoint should be able to express to each other their support for EHC, as well as support for specific EHC profiles.
· General packet types (uncompressed, compressed, feedback) and information elements (Context ID, packet type, Profile ID, CRC).

Proposal 1: Ethernet Header Compression should borrow the main concepts of RoHC: PDCP setup negotiation, support for multiple profiles, and support for multiple compression contexts. It should also use the simplified versions of RoHC packet types and header fields.

The rest of this contribution aims to present how the above RoHC concepts could be used in EHC in a simplified manner. Specific considerations include the following:
Context ID (CID): Multiple Ethernet streams may be mapped to a single DRB. Each stream should be compressed within a specific context. This means EHC data and feedback packets will need a CID to distinguish which context they belong to. As the number of streams mapped to a DRB is expected to be small, a 4 bit Context ID header should be large enough for practical use cases.

Frame type: Typically, the packets can be categorized into different types, depending on whether it is compressed, or if the packet is sent for the purpose of EHC feedback. In order to identify the frame type, this should be included as a part of the header. In particular, at least the following three frame types should be supported:
· Uncompressed Ethernet header
· Compressed Ethernet header
· EHC Feedback

Proposal 2: Both CID and Frame Type should be included by the compressor in the EHC Header.

Feedback Mechanism: Following the design principal of RoHC, for each context, the compressor shall initially send a complete Ethernet header in the uncompressed form, which facilitates the decompressor to establish the header context that will be used for decompression of subsequent packets. Moreover, for this complete header sent initially at least, the decompressor shall send the feedback to indicate if the Ethernet header has been successfully received, which in turn allows the decompressor to establish the context successfully. Once the context establishment is confirmed, the compressor may begin to send packets with compressed Ethernet header. The general procedure is illustrated in Figure 1.
Proposal 3: The decompressor shall send feedback to the compressor in order to notify successful context establishment.



Figure 1 A general procedure of the compression framework.

Profile ID: Compression profiles provide the details of the header compression framework. It specifies how the headers of a certain kind of packet stream should be compressed.  Profile is associated with context ID (the explict association between the two can be identified by the decompressor with the uncompressed header), so the context ID alone would be sufficient for the decompressor to identify the profile, without having to adding profile ID explicitly in each compressed packet. At least the two following profiles should be included:
· Profile 0 - No compression to be performed
· Profile 1 - Compression for Ethernet header is to be performed

[bookmark: _GoBack]It is worth noting that the ability to support and negotiate multiple Profile IDs will keep the door open for future extensions e.g. related to more complex Ethernet header structures or combined compression of Etherenet and upper layer protocols (IP, industrial Ethernet protocols).
Additionally, if any unexpected Ethernet frame arrives (i.e. the Ethernet frame with unsupported header format), it should be sent without compression. Hence, exception handling is required to avoid compression of unexpected Ethernet frame formats.

Proposal 4: Compressor/Decompressor shall include the Profile ID along with CID and frame type while transmitting the Uncompressed frame.


Cyclic Redundancy Check (CRC): This parameter is used by the decompressor to verify whether the received Ethernet header is correctly received or not. It is required only when the uncompressed Ethernet header (i.e. frame type 0) is sent from compressor to decompressor. CRC shall be applied at least for the EHC header (i.e. CID, frame type and profile ID). CRC calculation can be done similar to CRC in RoHC(Robust Header Compression) algorithm [3].

Proposal 5: Compressor shall apply CRC for CID, Frame type and Profile ID while sending in uncompressed format (frame type 0).


In Fig. 2, 3, and 4, the proposed EHC header format for different frame types (namely uncompressed, compressed, and feedback header) are illustrated.



Figure 2 The proposed format for uncompressed header (Frame Type = 0)




Figure 3 The proposed format for compressed header (Frame Type = 1)





Figure 4 The proposed format for feedback header (Frame Type = 2)

3	Conclusion
In this paper, we expressed our views about EHC, including some design principals that should be taken into account in RAN2 discussion. In particular, we have proposed the following: 
Proposal 1: Ethernet Header Compression should borrow the main concepts of RoHC: PDCP setup negotiation, support for multiple profiles, and support for multiple compression contexts. It should also use the simplified versions of RoHC packet types and header fields.
Proposal 2: Both CID and Frame Type should be included by the compressor in the EHC Header.
Proposal 3: The decompressor shall send feedback to the compressor in order to notify successful context establishment.

Proposal 4: Compressor/Decompressor shall include the Profile ID along with CID and frame type while transmitting the Uncompressed frame.

Proposal 5: Compressor shall apply CRC for CID, Frame type and Profile ID while sending in uncompressed format (frame type 0).
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