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Description of the issue
At last RAN3#108 meeting, the support of Ethernet for E1AP has been introduced which enables the simultaneous operation of Ethernet compression and ROHC compression for a UE in CU UP. 
Supporting Ethernet compression and running Ethernet compression are two different things. 
Even when the node (CU UP) supports the Ethernet compression feature, it remains optional to use it or not. This is clearly stated in current RAN3 specifications:

If the EHC parameters IE is included in the PDCP Configuration IE contained in the BEARER CONTEXT SETUP REQUEST message, the gNB-CU-UP may take these parameters into account to perform appropriate header compression for the concerned DRB.
Indeed, there are several reasons why the CU UP may decide to not run the compression. One reason is simply processing overload reasons at a given point in time, lack of buffers, temporary failure, etc... 
This is hardly predictable by the CU CP in advance. Therefore, there is no other choice for the CU CP to always provide the parameters, and CU UP to decide.
According to TS 38.401, the CU CP would typically configure the CU UP, the DU and would then need to configure the UE accordingly.
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· Figure 8.9.1-1: UE Initial Access procedure involving E1 and F1

The CU UP is configured at steps 9, 10.
If the CU UP decides to not run Ethernet compression at step 9, there is currently no means to tell the CU UP at step 10. As a result, after CU CP configures the UE with compression at step 19, the CU UP and UE are desynchronized: UE runs compression and not CU UP. The consequences of this issue and available solutions are elaborated below:
Analysis of the possible solutions

Solution 1: Starting desynchronized and managing the desynchronization with EHC headers

If CU UP and UE starts de-synchronized (e.g. CU UP decided to not run compression and UE was configured to run compression), it is not clear how this would work and RAN3 sent an LS to RAN2 to investigate this possible solution 1.
RAN3 received the response in R2-2104643 [2].

According to RAN2 there are two possible cases:

· CU UP cannot insert EHC header (case 1)

· CU UP can still manage to insert the EHC header (case 2)

Case 1

In case 1 RAN2 acknowledges that this is complete break of the connection. They say:
In case EHC headers would not be included in DL packets, EHC desynchronization cannot be handled by the UE
One could assume that even if CU UP is overloaded, it could at least insert/remove the new EHC header which is in blue in the new protocol stack below (see Annex 1 of TS 38.323 [3]):

Figure A.2.1.1-1 and Figure A.2.1.1-2 show the formats of EHC FH packet and EHC CH packet, respectively.
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Figure A.2.1.1-1: EHC Full Header packet format
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However, other use cases need to be considered:

· CU UP does not support at all the new EHC protocol: for this one, one may argue that CU CP could learn beforehand by O&M. However, we try in our protocol to avoid configuring feature support of neighbour nodes by O&M, but rather use signalling.

· Even if CU UP supports the feature, there can be some temporary failure where EHC protocol is simply disabled in CU UP. Again, this is the sense of the current “may” in our TS 38.463.
Observation 1: one cannot guarantee that a CU UP is always able to insert/remove the EHC protocol header (blue part in the figure) and this would lead to unrecoverable error as indicated by RAN2. 

Case 2

Case 2 (CU UP manages to insert EHC header) seems instead recoverable because it is assumed that CU UP will keep sending FH (Full Header) packets. However, we see that even this case 2 has some detrimental consequences:

· For downlink traffic, according to the RAN2 specification, when the UE will return the EHC Feedback packet the sender (CU UP) is assumed to switch into CH mode (compressed header), see annex A1 of TS 38.323 [3]:
After receiving the EHC feedback, the EHC compressor starts to transmit the CH packets to the EHC decompressor including the associated CID
However, the CU UP in overload will continue using FH (Full Header) packets. UE behaviour in this case is unfortunately not specified in TS 38.323 [3]. There is a risk of failure in the UE.

Observation 2: UE behaviour is uncertain when CU UP continues in FH mode after the UE has sent back the EHC Feedback packet.

· 1 byte of EHC header will be inserted as an overhead for every packet which is not desired for small packets. This issue is acknowledged by RAN2 in their response:
desynchronization can be handled by implementation by sending Full Header packets. However, this results to overhead due to full EHC headers being present in the packets

Adding 1 byte to all small packets in not negligible. This has the following consequences for UL and DL:

· For Uplink, this will deteriorate uplink coverage for the UEs which is critical for time-sensitive applications. 1 more byte means more uplink power for the UE to send which is critical at cell edge. The whole purpose of using EHC compression is to improve this uplink coverage situation for small packets like voice and adding 1 extra byte is detrimental.
· For Downlink, adding 1 more byte is detrimental to the bandwidth, especially for small packets and small packets are actually the target for this compression traffic.

Observation 3: even in cases when solution 1 can operate (case 2) it will strongly deteriorate the uplink coverage of cell edge UEs and impact the downlink bandwidth.
Proposal 1: Solution1 doesn’t solve cases where CU UP is not able to insert/remove the EHC header and is detrimental to time-sensitive applications in the other cases.
Solution 2: E1AP Failure message 
A seen above, solution 1 may not always work (CU UP may not be able to insert/remove the EHC header and when it is able to do it this will add 1 extra byte header).

One alternative solution could simply be that CU UP fails the E1 Bearer Setup Request including a precise cause such as “EHC not performed/started”. This then allows CU CP to send a new E1 Bearer Setup Request message without asking EHC compression.
We note here that the same issue exists for ROHC. Currently the only cause value available for ROHC is “PDCP configuration not supported” which is too wide to make CU CP understand that CU UP could not compress using ROHC. Similarly, for solution 2 a new cause value “ROHC not performed/started” is needed. 
	EHC configuration not supported
	The gNB-CU-UP is unable to support the selected Ethernet compression configuration for the UE.

	ROHC configuration not supported
	The gNB-CU-UP is unable to support the selected ROHC compression configuration for the UE.


Observation 4: solution 2 would only require two new cause values “EHC not performed” and “ROHC not performed” which CU UP can include in E1 Bearer Setup Failure. But it involves two signalling steps. 
Solution 3: not configure the UE with compression if CU UP cannot compress:

Solution 2 avoids the critical drawbacks of solution 1 but is not perfect because it leads to try and failure messaging i.e. CU CP may need two steps signalling to setup the E1 Bearer when CU UP decides to not run compression.

In solution 3, instead of cause values for the E1 Bearer Failure message, a new Compression Result IE can be introduced for the E1 Bearer Setup Response message (like we have for example Security Result today on other interfaces). 
9.3.1.xx
Compression Result

This IE indicates whether the ethernet or ROHC compression is performed or not.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Ethernet compression Result
	M
	
	ENUMERATED (performed, not performed, …)
	Indicates whether Ethernet compression is performed or not for the concerned PDU Session Resource.

	ROHC compression Result
	M
	
	ENUMERATED (performed, not performed, …)
	Indicates whether ROHC compression is performed or not for the concerned PDU Session Resource.


Then the CU UP can reply with E1AP Response message (not Failure message) but indicates that it cannot start compression. Based on this CU CP configures the UE without compression at step 19.
We note here that solution 3 is the cleanest solution in our view from a technical standpoint.

Based on this analysis, we propose to adopt either solution 2 or solution 3 to fix this issue, or possibly both, with a preference for solution 3. 
Proposal 2: RAN3 to compare the pros and cons and decide between solution 2 and solution 3, or could be both.

Conclusion and Proposal

This paper has investigated the three possible solutions to solve the case where CU UP cannot run the compression requested by CU CP. RAN2 feedback has shown that solution 1 has severe drawbacks.

It is proposed that RAN3 compares and adopt either solution 2 and/or solution 3 to fix this issue. CR covering our preferred solution 3 has been prepared in tdoc [4] but CR can be easily done if RAN3 goes for solution 2 instead or both. 
Proposal 1: Solution1 doesn’t solve cases where CU UP is not able to insert/remove the EHC header and is detrimental to time-sensitive applications in the other cases.

Proposal 2: RAN3 to compare the pros and cons and decide between solution 2 and solution 3 or could be both. The CR for our preferred solution 3 is in [4].
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