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1. Introduction
Whether to include the maxCID-EHC-UL IE to restrict the number of established DL EHC contexts was discussed during RAN3#112-e. In R3-212758 [1], the summary of the offline discussion was presented. The open issue is how total number of EHC contexts for the UE is guaranteed to be less than or equal to the maxNumberEHC-Contexts by restricting the established DL EHC contexts, especially when there exist multiple CU-UPs. This paper tried to have further analysis on this open issue and solutions were suggested.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
The following was excerpted from the chairnotes of RAN3#112-e, from which we could see that the main open issue is the mechanism to restrict the number of established DL EHC contexts, the rest of the paper tries to have further analysis and give solutions. Related CR for the solutions are shown in [2] and [3].
# 122_EHCstatusWRT_RAN2
- clarify history of this IE between RAN2 and RAN3; any mismatch?
- is this info needed at the CU-UP?
(HW - moderator)
Summary of offline disc R3-212758 noted
FFS how to restrict the number of established DL EHC contexts. 
FFS how total number of EHC contexts for the UE is guaranteed to be less than or equal to the maxNumberEHC-Contexts in case of multiple CU-UPs. To be continued...
3. Discussion
DL EHC contexts are established by CU-UP and the UL EHC contexts are established by UE, but there are interactions between UL and DL since EHC contexts are jointly used by both uplink and downlink. In the meanwhile, UE has limited ability to store EHC contexts in the cache. In TS 38.306, the maximum number of EHC contexts that can be supported by UE is clearly defined with the maxNumberEHC-Contexts parameter.maxNumberEHC-Contexts-r16
Defines the maximum number of Ethernet header compression contexts supported by the UE across all DRBs and across UE's EHC compressor and EHC decompressor. The indicated number defines the number of contexts in addition to CID = "all zeros" as specified in TS 38.323 [16].

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In uplink, the UE plays the role of EHC compressor, so it stores original header field information as an "EHC context". Regarding the downlink, UE plays the role of EHC decompressor, when UE receives the DL packet from CU-UP, it also has to establish the EHC context identified by CID, so DL EHC contexts are also stored in UE. Therefore, the total number of established EHC contexts (UL+DL) that can be supported by the UE should not exceed maxNumberEHC-Contexts.
Observation 1: The total number of established EHC contexts for both UL and DL should not exceed maxNumberEHC-Contexts.
In uplink, the number of established EHC contexts is restricted by maxCID_EHC_UL, which is defined in 38.323 as follows:
· MAX_CID_EHC_UL: This is the maximum CID value that can be used for uplink.
[bookmark: OLE_LINK9]The total value of maxCID_EHC_UL across bearers for the UE should be less than or equal to the value of maxNumberEHC-Contexts. 
In downlink, however, in a CP-UP split architecture, the CU-UP knows only ehc-CID-Length, which indicates the length of the CID field for a DRB. Note that ehc-CID-Length is a common parameter for both UL and DL, and has no definite relation to maxNumberEHC-Contexts. Considering the establishment of UL and DL EHC contexts is a dynamic process, with the existing EHC parameters exchanged via E1, the CU-UP has no knowledge of the UE’s capability, i.e. maxNumberEHC-Contexts. Therefore, there is a risk that CU-UP establishes too many DL EHC contexts such that the total number of established EHC contexts exceeds maxNumberEHC-Contexts.
Observation 2: With current EHC parameters transferred via E1, the CU-UP may establish excessive DL EHC contexts causing the total number of established EHC contexts exceeds the UE’s capability.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK17]Moreover, since the maximum EHC contexts that can be established in UL is the summation of maxCID_EHC_UL for all DRBs, the maximum number of EHC contexts for DL can be deduced as maxNumberEHC-Contexts - maxCID_EHC_UL across all DRBs. 
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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]To avoid establishing too many DL EHC contexts in CU-UP, the most straightforward solution is to transmit both maxCID_EHC_UL across all bearers as well as maxNumberEHC-Contexts parameter to CU-UP via E1. However, this solution has two drawbacks. First, with this solution too many parameters are exchanged via E1. Second, in a scenario with multiple CU-UPs, the solution doesn’t work. In this case, we need to make sure the total number of DL EHC contexts established in all the CU-UPs is less than or equal to the constraint described above but the EHC context resources are not split among CU-UPs.
For reducing the number of exchanged parameters via E1 and being applicable for a scenario with multiple CU-UPs, it is better to transmit a new maxCID-EHC-DL IE. Specifically, depending on whether the new IE is configured on a per-DRB basis or per-UE basis, two different solutions can be considered.
· Solution 1
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]The first solution is adding a maxCID-EHC-DL IE which is configured per-DRB, just as the existing maxCID-EHC-UL IE for UL. In this case, the new IE is included within the EHC Downlink IE and indicates the maximum number of EHC contexts that can be established in DL for the corresponding DRB. Since CU-CP has the knowledge of both maxCID_EHC_UL and maxNumberEHC-Contexts, it can distribute the overall available contexts space between different DRBs that require it, as long as the distributed maxCID-EHC-DL satisfies:
 Summation of maxCID-EHC-DL and maxCID-EHC-UL across all DRBs is less than or equal to maxNumberEHC-Contexts.
In a scenario of multiple CU-UPs, the CU-CP can distribute the overall available contexts between different CU-UPs as well, as long as the total value is not exceeded.
[bookmark: _Toc45881828][bookmark: _Toc51852467][bookmark: _Toc56620418][bookmark: _Toc64448058]9.3.1.90	EHC Parameters 
This IE carries the EHC parameters for ethernet header compression.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	EHC Common
	M
	
	
	

	>EHC-CID-Length
	M
	
	ENUMERATED { bits7, bits15, … }
	See description of ehc-CID-Length in TS 38.331 [10]

	EHC Downlink
	O
	
	
	

	>drb-ContinueEHC-DL
	M
	
	ENUMERATED { true, … }
	See description of drb-ContinueEHC-DL in TS 38.331 [10]

	>maxCID-EHC-DL
	O
	
	INTEGER(1..32767,…)
	Indicate the maximum number of DL EHC contexts that can be established for the DRB

	EHC Uplink
	O
	
	
	

	>drb-ContinueEHC-UL
	M
	
	ENUMERATED { true, … }
	See description of drb-ContinueEHC-UL in TS 38.331 [10]



 Proposal 1: Add a maxCID-EHC-DL IE within the EHC Downlink IE to indicate the maximum number of EHC contexts that can be established in DL for the DRB.

· Solution 2
[bookmark: OLE_LINK100]Alternatively, the maxCID-EHC-DL IE can be configured on a per-UE basis. In this case, the new IE is included within the BEARER CONTEXT SETUP REQUEST message or BEARER CONTEXT MODIFICATION REQUEST message. The new IE indicates the maximum number of DL EHC contexts the UE can establish in the corresponding CU-UP. After receiving the IE, the CU-UP ensures that the number of DL EHC contexts to be established across all DRBs is less than or equal to maxCID-EHC-DL. In case there exist multiple CU-UPs which execute EHC functions, the CU-CP can assign different maxCID-EHC-DL value to the different CU-UPs, as long as the following is satisfied:
Summation of maxCID-EHC-UL across all DRBs and maxCID-EHC-DL across all CU-UPs is less than or equal to maxNumberEHC-Contexts.
Compared to solution 1, less new information is transmitted via E1 and it is CU-UP who distribute the available contexts between different DRBs.
[bookmark: _Toc20955563][bookmark: _Toc29460998][bookmark: _Toc29505730][bookmark: _Toc36556255][bookmark: _Toc45881713][bookmark: _Toc51852351][bookmark: _Toc56620302][bookmark: _Toc64447942]9.2.2.1	BEARER CONTEXT SETUP REQUEST
This message is sent by the gNB-CU-CP to request the gNB-CU-UP to setup a bearer context. 
Direction: gNB-CU-CP  gNB-CU-UP
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU-CP UE E1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	[bookmark: _Hlk512875610]Security Information
	M
	
	9.3.1.10
	
	YES
	reject

	UE DL Aggregate Maximum Bit Rate
	M
	
	Bit Rate 9.3.1.20
	
	YES
	reject

	UE DL Maximum Integrity Protected Data Rate
	O
	
	Bit Rate 9.3.1.20
	The Bit Rate is a portion of the UE’s Maximum Integrity Protected Data Rate, and is enforced by the gNB-CU-UP node.
	YES
	reject

	Serving PLMN
	M
	
	PLMN Identity 
9.3.1.7
	
	YES
	ignore

	Activity Notification Level
	M
	
	9.3.1.67
	
	YES
	reject

	UE Inactivity Timer
	O
	
	Inactivity Timer 
9.3.1.54
	Included if the Activity Notification Level is set to UE. 
	-
	-

	Bearer Context Status Change
	O
	
	ENUMERATED (Suspend, Resume, …)
	Indicates the status of the Bearer Context
	YES
	reject

	CHOICE System
	M
	
	
	
	YES
	reject

	>E-UTRAN
	
	
	
	
	
	

	>>DRB To Setup List
	M
	
	DRB To Setup List E-UTRAN 
9.3.3.1
	
	YES
	reject

	>>Subscriber Profile ID for RAT/Frequency priority
	O
	
	9.3.1.69
	
	YES
	ignore

	>>Additional RRM Policy Index
	O
	
	9.3.1.70
	
	YES
	Ignore

	>NG-RAN
	
	
	
	
	
	

	>>PDU Session Resource To Setup List
	M
	
	9.3.3.2
	
	YES
	reject

	RAN UE ID
	O
	
	OCTET STRING (SIZE(8))
	
	YES
	ignore

	gNB-DU ID
	O
	
	9.3.1.65
	Included whenever it is known by the gNB-CU-CP 
	YES
	ignore

	Trace Activation
	O
	
	9.3.1.68
	
	YES
	ignore

	NPN Context Information
	O
	
	9.3.1.84
	
	YES
	reject

	Management Based MDT PLMN List
	O
	
	MDT PLMN List
9.3.1.89
	
	YES
	ignore

	CHO Initiation
	O
	
	ENUMERATED (True, …)
	
	YES
	reject

	maxCID-EHC-DL
	O
	
	INTEGER(1..32767, …)
	
	YES
	Ignore



[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: Alternatively, we can add a maxCID-EHC-DL IE within the BEARER CONTEXT SETUP REQUEST message or BEARER CONTEXT MODIFICATION REQUEST message to indicate the maximum number of DL EHC contexts that can be established in DL in the CU-UP.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1: The total number of established EHC contexts for both UL and DL should not exceed maxNumberEHC-Contexts.
Observation 2: With current EHC parameters transferred via E1, the CU-UP may establish excessive DL EHC contexts causing the total number of established EHC contexts exceeds the UE’s capability.
Proposal 1: Add a maxCID-EHC-DL IE within the EHC Downlink IE to indicate the maximum number of EHC contexts that can be established in DL for the DRB.
Proposal 2: Alternatively, we can add a maxCID-EHC-DL IE within the BEARER CONTEXT SETUP REQUEST message or BEARER CONTEXT MODIFICATION REQUEST message to indicate the maximum number of DL EHC contexts that can be established in DL in the CU-UP.
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