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[bookmark: Title]Introduction
In RAN2#107bis meeting, RAN2 discussed several issues related to Ethernet header compression, and the following agreements were reached [1]:
	The EHC function is in PDCP
The EHC header is located after the SDAP header, and it is ciphered 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The EHC can removes the following fields: SOURCE/DESTINATION ADDRESS, TYPE, and EHC do not support multiple formats
FFS: Pad removal 
For context establishment the compressor send the full header and the context ID via PDCP data PDU
ROHC and EHC are independent, e.g. from specification point of view they could both be configured for a DRB.
FFS if for context establishment the explicit feedback is sent via PDCP control PDU.
Baseline feedback mechanism, enhancements not precluded: 
For context establishment the de-compressor sends an explicit feedback to the compressor after the establishment of the context, i.e. when a full header packet is received with a context id. 
For context establishment the explicit feedback includes the “Context ID”.
When the compressor receives the feedback it is confident that the context is successfully established, and from this time compressed header packets can be transmitted. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]FFS if EHC is allowed to be configured for a unidirectional link. 


In this contribution, we will further discuss the remaining open issues for Ethernet Header Compression (EHC):
· Issue 1: Does compressor need multiple transmissions during context establishment procedure?
· Issue 2: How to design feedback? 
· Issue 3: Whether to reset EHC protocol at PDCP entity re-establishment?
A detailed discussion on these questions is given below.
Discussion
Context establishment procedure
· Step 1: Compressor sends CID setup packet. 
FFS: Does compressor need multiple transmissions during context establishment procedure?

· Option 1: multiple CID setup packets
Compressor sends multiple CID setup packets, and then regular non-CID uncompressed packets are sent while waiting for feedback. CID setup packet may be lost during transmission, so sending multiple CID setup packets can improve the probability of successfully establishing CID at the decompressor. 
· Option 2: one CID setup packet
Compressor sends one CID setup packet, and then continues with regular non-CID uncompressed packets while waiting for feedback. For small packet (size is less than 64 bytes), this scheme can save transmission overhead.
[bookmark: _Ref23780831]Compared with option1, option2 saves 1 byte size per CID setup packet. However, if the CID setup packet is lost in transit, the benefit of option2 is minimal. To ensure that compressed packets are sent as early as possible, we propose:
[bookmark: _Ref23951615][bookmark: _Toc24042776][bookmark: _Ref23757156]Proposal 1: Compressor sends multiple CID-setup packets during context establishment procedure.
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Step 2: Decompressor sends feedback when it received CID setup packet 
FFS: How to design feedback?
1) Feedback mechanism
· Does decompressor send one or multiple feedbacks?
Decompressor could send one feedback packet as soon as it successfully setup the compression context, and then no more feedback on following CID-setup packets with the same CID. Because it is not 100% guaranteed that the feedback packet will be received successfully, in order to improve the feedback reliability, we propose:
[bookmark: _Ref23757221][bookmark: _Toc24042777][bookmark: _Ref23757195]Proposal 2: Decompressor sends feedback for each CID-setup packet received successfully, even for the same context.
· Feedback timer 
Since both context-setup packets and feedback packets can be lost in transit, it is necessary to set a timer to receive feedback. Timer t1 is defined at the compressor. The timer is started after the compressor sends the first EHC CID-setup packet for a given EHC flow. If feedback is received from the decompressor during the operation of the timer, the timer is stopped. Then, compressor sends compressed packet. When the timer times out, the compressor re-initiates the context establishment procedure, i.e. it sends the EHC CID setup packets and restarts t1.
[bookmark: _Ref23757252][bookmark: _Toc24042778]Proposal 3: It is necessary to set a timer at the compressor to determine that a context establishment procedure was unsuccessful.
2) Feedback design 
· [bookmark: _Ref20578833]PDCP control PDU 
Bidirectional links have feedback channels. Feedback information structure is fixed and does not need to be sent in sequence. As long as decompressor establishes a context successfully, it sends feedback. Feedback between different contexts is not related, and there is no issue of the order of sending and receiving. In addition, Control PDU is simple in structure and easy to design.
[bookmark: _Ref23249219][bookmark: _Toc24042779][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 4: PDCP control PDU is used to send the feedback.
When the decompressor successfully establishes the context, then it sends a feedback to the compressor. The compressor will only start sending compressed packets after receiving the feedback. Thus, there will be no decompression errors due to the loss of CID setup. Then, ACK/NACK indication is not necessary in the feedback. 
We set the feedback format as in Figure 1 showing the one-octet payload of the PDCP control PDU (the PDCP control PDU header with D/C, PDU Type and R bits is reused from legacy format):
· CID：Indicates which data stream a feedback corresponds to. The length of the field is 7 bits;
· R: is the reserved bit;


[bookmark: _Ref23782419]Figure 1: PDCP control PDU format for EHC feedback
[bookmark: _Ref20580708][bookmark: _Toc24042780]Proposal 5: PDCP control PDU format for feedback include CID, R.
· MAC CE
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The application range of unidirectional link is small. In additional, the reliability of unidirectional link is low. Therefore we don't support EHC applications for unidirectional links, but if this is eventually supported, there are two options for deciding whether to send full packet or compressed packet.
· Option 1: Send the full packet again only on account of periodic timeouts and irregularities in the header field change patterns in the compressed packet stream. Due to the periodic refreshes and the lack of feedback for initiation of error recovery, this scheme has low compression efficiency
· Option 2: Send feedback via MAC CE. Through the interaction between PDCP layer and MAC layer, the PDCP layer on the compression side points the feedback information to the MAC layer on the same side, and transmits the feedback information to the decompression side through MAC CE. MAC CE format is following Figure 2:


[bookmark: _Ref23756988]Figure 2: MAC CE format for EHC feedback
· A MAC CE can carry multiple CIDs of multiple DRBS.
· SUM represents the number of CIDs per DRB carried in a MAC CE.
· CI indicates the contents of the following bytes. CI=1, indicating that the following byte is CID; CI=0, indicating that the following byte is still the DRB.
· CID in different DRB can be reused.
· R: is the reserved bit;
· The size of all fields can be adapted as needed.
In conclusion, option 2 has higher compression efficiency than option1. Therefore, we propose:
[bookmark: _Ref23757253][bookmark: _Ref23780838][bookmark: _Toc24042781][bookmark: _Ref23757255]Proposal 6: MAC CE is used to carry the feedback if unidirectional link is supported

· Step 3:  When the compressor receives the feedback it is confident that the context is successfully established, and from this time compressed header packets can be transmitted.  
PDCP entity re-establishment
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]FFS: Whether to reset EHC protocol at PDCP re-establishment.
Whether EHC is reset depends on whether the key is correct. 
· Option 1: Configuration parameter indication
EHC will be reset: during PDCP re-establishment procedure which is caused by key change or does not exist (one of the typical cases for key change is inter-node handover). 
To ensure that the receiver establishes the context before accepting the compressed packet, similar to ROHC, we could set a parameter, e.g. drb-ContinueEHC, which indicates whether the PDCP entity continues or resets the EHC compression protocol during PDCP re-establishment. This parameter is configured by RRC. When configure drb-ContinueEHC, EHC does not need to reset; else, EHC should reset.
· Option 2: As long as the PDCP entity is re-established, EHC needs to be reset.
If the PDCP entity is re-established, the EHC will need to be reset. This scheme will result in lower transmission efficiency. For example in the intra-gNB handover, the key has not changed; reset the EHC will reduce the compression efficiency. 
According to the above analysis, option 1 is better. Therefore we propose: 
[bookmark: _Ref23941775][bookmark: _Toc24042782]Proposal 7: Configuration parameters indicate whether EHC is reset at PDCP entity re-establishment.
Conclusion
We made the following proposals:
Proposal 1: Compressor sends multiple CID-setup packets during context establishment procedure.
Proposal 2: Decompressor sends feedback for each CID-setup packet received successfully, even for the same context.
Proposal 3: It is necessary to set a timer at the compressor to determine that a context establishment procedure was unsuccessful.
Proposal 4: PDCP control PDU is used to send the feedback.
Proposal 5: PDCP control PDU format for feedback include CID, R.
Proposal 6: MAC CE is used to carry the feedback if unidirectional link is supported
Proposal 7: Configuration parameters indicate whether EHC is reset at PDCP entity re-establishment.
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