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1. Introduction
At RAN2 #109e, the open issues about EHC (Ethernet Header Compression) were discussed and several agreements were made. However, some issues were not concluded in the last meeting like below [1]. 
Issue 1.	Whether EHC feedback contains only CID, or any other parameters (Proposal 27 in [1]);
Issue 2.	The need of RRC configuration parameters for EHC;
This contribution attempts to iron out the remaining issues. 
2. Discussion
Feedback design and RRC configuration parameter 
With regards to Issue 1, the following three proposals were identified and discussed in the last meeting [3]:
Alt.1:	Only CID
Alt.2:	CID and SN
Alt.3:	CID and NACK 
On Alt.2, The necessity of SN, in addition to CID, is to address the following scenario [4]:
1.	A compressor creates a context, assigns a CID, and sends it. After that, the compressor expects FB to confirm context establishment from a de-compressor.  
2.	Before the FB has not been received, the compressor creates other context, assigns the CID, and sends it 
3.	At this time, the delayed FB for the first transmission of the previous context is received from the decompressor.
At Step 3, the compressor has no idea whether the received FB is for the previous context or the new context. As such, addition of SN was proposed to distinguish between those two contexts.
When the above scenario happens, the following three sub-cases can be envisaged:
1. The number of EHC contexts has not been reached to the maximum value configured by the NW (i.e. max_CID).
2. The number of EHC contexts has been reached to the maximum value configured by the NW (i.e. max_CID) at a compressor and it is confident that all contexts are already established.
3. The number of EHC contexts has been reached to the maximum value configured by the NW (i.e. max_CID) at a compressor but it is not confident that all contexts are already established.

In Case 1, the following two procedures can be considered for the compressor since the compressor’s behavior has not been specified yet for the case when it selects a CID for trying to establish new context. 
Alt. X: A new CID is assigned to a new context (i.e. the compressor is not allowed to perform the overwrite procedure) 
Alt. Y: A new CID is assigned to a new context or existing CID is assigned to the new context (i.e. the compressor can perform the overwrite procedure)
On Alt. X, the above problem doesn’t happen since the compressor can assign new CID which is not assigned to any context when it establishes a new context (See Figure.1). 
On Alt. Y, if the compressor selects the process that it assigns new CID to a new context, there is no problem for the same reasons as Alt. X. On the other hand, if the compressor selects the process that it assigns existing CID to a new context, following two cases are considered. 
Case. X: the CID has already been established by receiving corresponding at the compressor. 
Case. Y: the CID has not been established by not receiving corresponding at the compressor. 
At Case. Y, there is the problem that the compressor may receive the FB corresponding to old context after it transmits the CID and new context, while there is no problem at Case. X since the compressor has already received the FB. 
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Figure.1 : The number of EHC contexts has not been reached to the maximum value configured by the NW (i.e. max_CID).
Case2 is no problem. We have already made the following agreement in the last meeting. 
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. 
Use a NOTE to specify CID overwriting mechanism in the specification.
The NOTE is specified in [5]. 
NOTE:	If the maximum number of EHC contexts are already established for the compressed flows and a new Ethernet flow does not match any established EHC context, the compressor should associate the new Ethernet flow with one of the EHC CIDs allocated for the existing compressed flows or send PDCP SDUs belonging to the Ethernet flow as uncompressed packet.
This means that the compressor doesn’t think the context is established before receiving the corresponding FB.  So above problem doesn’t happen when MAX_CID number of EHC contexts are already established (See Figure.2). 

[image: ]
Figure.2 : The number of EHC contexts has been reached to the maximum value configured by the NW (i.e. max_CID) at a compressor and it is confident that all contexts are already established.
In Case 3, however, the problem occurs when MAX_CID number of EHC contexts are not established. For example, max_CID is 4(i.e. the maximum number of CIDs is 4 as shown in Fig.3 below) and 3 contexts are already established. In that case, if the compressor would like to establish forth context, it sends a full header and corresponding CIDx. If it makes other context and sends it and the CID before it receives corresponding FB, the state mismatch will happen. The MAX_CID number of EHC contexts are not established since feedback to that context has yet to be received.  Therefore, the problem of identifying an EHC context could occur when the number of EHC contexts has been reached to the maximum value configured by the NW (i.e. max_CID) at a compressor but it is not confident that all contexts are already established.
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Figure. 3 : The number of EHC contexts has been reached to the maximum value configured by the NW (i.e. max_CID) at a compressor but it is not confident that all contexts are already established

Observation 1: The problem of identifying an EHC context could occur when the compressor selects existing CID to which the compressor is not confident that the existing context has already been established.

The following two options can be considered to solve the above problem. 
Option 1:	Add a SN to the EHC feedback;
Option 2:	Clarify the compressor’s behaviour that it selects the CID that corresponding context has already been established when the overwrite procedure is performed. 
Option 2 means that when the overwrite procedure is performed, a CID that the context had already established is selected. When there is no such CID in the procedure (i.e. all FBs are not reached to the compressor), it would get stuck. However, that is a rare case and it can be solved by configuring a proper value of max_CID.
Option 2 is better than Option 1 (i.e. adding SN) since introduction of SN in the FB increases 2 or 3 Bytes overhead while Option 2 doesn’t increase the size of feedback messages.
Therefore, the followings can be observed for Alt.2 (i.e. CID and SN).
Observation 2:	To address the ambiguity of identifying an EHC context, the EHC context already established can be utilised, rather than adding a SN to the EHC feedback message.

On Alt.3 (i.e. CID and NACK), the necessity of NACK, in addition to CID was discussed to address the decompressor behaviour when it receives a compressed packet with CID, for which it has no context established [3]. 
When the above scenario happens, the following three sub-cases can be envisaged:
1. The compressor transmits the compressed header before the context has not been established at the de-compressor yet, or the de-compressor can’t decode the context even if it receives the context. 
2. The de-compressor can decode the context, but content of the context is not correct. 
3. The context is not decoded at the de-compressor after it had already established. 
At the first case, it would not happen since the compressor keeps to transmit the full header until it receives the FB from de-compressor. 
At the second case, it would not happen since the MAC entity can do error correction through HARQ. 
The third case is corner case and the problem of the compressor itself, so it doesn’t need to specify in the specification. When we address the problem in the spec, the compressor’s behaviour when it receives NACK also need to be specified in addition to the de-compressor’s behaviour when a context is broken. Considering that problem rarely happens, it is burden compared to small benefit. Therefore, the problem that the decompressor behaviour when it receives a compressed packet with CID, for which it has no context established doesn’t needed to be addressed in the PDCP spec.
Observation3: The problem that the decompressor behaviour when it receives a compressed packet with CID, for which it has no context established doesn’t needed to be addressed in the PDCP spec. 

The above discussion is summarized in the table below. The table focuses on comparing the alternatives in terms of the following issues to be resolved. 
Problem 1: the problem that of the context mismatch.
Problem 2: the problem when the decompressor receives a compressed packet with CID, for which it has no context established

	
	Alt.1 (CID only with clarifying the compressor’s behaviour)
	Alt.2 (CID and SN)
	Alt.3 (CID with clarifying the compressor’s behaviour and NACK)
	Alt.4 (CID, SN and NACK)

	Overhead
	at most 2octed per a feedback
	at most 5octed per a feedback 
	at most 2octed per a feedback
	at most 2octed per a feedback

	Possibility of stuck of the context overwrite procedure when all contexts are not established
	Rarely happened, but can be solved by setting the maxCID properly
	Nothing 
	Rarely happened, but can be solved by setting the maxCID properly
	Nothing

	Additional specification work for solving the problem1
	Need to clarify the compressor’s behaviour when overwrite procedure is performed
	Need to clarify the compressor’s behaviour when it receives the FB from the de-compressor
	Need to clarify the compressor’s behaviour when overwrite procedure is performed
	Need to clarify the compressor’s behaviour when it receives the FB from the de-compressor

	Additional specification work for solving the  problem2
	Nothing (Can be addressed with implementation at the de-compressor side)
	Nothing (Can be addressed with implementation at the de-compressor side)
	In addition to the de-compressor’s behaviour when a context is broken, the compressor’s behaviour when it receives NACK need to be specified
	In addition to the de-compressor’s behaviour when a context is broken, the compressor’s behaviour when it receives NACK need to be specified



From above reasons, we propose
Proposal1: EHC feedback contains only CID . 
Proposal2: To define compressor’s behaviour that the compressor selects the CID which had already established in the overwrite procedure.
Proposal3: Likewise ROHC, MAX_CID number of EHC contexts needs to be configured for a UE. 


3. Summary and proposal
In this paper, we propose the following
Proposal1: EHC feedback contains only CID . 
Proposal2: To define compressor’s behaviour that the compressor selects the CID which had already established in the overwrite procedure.
Proposal3: Likewise ROHC, MAX_CID number of EHC contexts needs to be configured for a UE. 
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