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1
Introduction
In Higher layer split, RRC layer is located in gNB-CU(-CP) and RLC layer and below is located in gNB-DU and both has own UE context. On RRC release ordered by RRC layer, UE context of gNB-CU and gNB-DU would be released with current procedure (i.e. UE Context Release (gNB-CU initiated))) over F1. However, in current specification, the UE context release may be done even if the RRC release message is not delivered to the UE. So, there would be case that same id/resource are allocated  to several connected  UEs. And, it would cause problem. This contribution discusses the issue on duplicated id/resource allocation and proposes possible solution.

2
Discussion
2.1 Background
In current TS38.473v15.2.1, following is described. 

-------Start of Quotation from [1]-------

8.3.3
UE Context Release (gNB-CU initiated)

8.3.3.1
General

The purpose of the UE Context Release procedure is to enable the gNB-CU to order the release of the UE-associated logical connection. The procedure uses UE-associated signalling.
8.3.3.2
Successful Operation
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Figure 8.3.3.2-1: UE Context Release (gNB-CU initiated) procedure. Successful operation
The gNB-CU initiates the procedure by sending the UE CONTEXT RELEASE COMMAND message to the gNB-DU. 

Upon reception of the UE CONTEXT RELEASE COMMAND message, the gNB-DU shall release all related signalling and user data transport resources and reply with the UE CONTEXT RELEASE COMPLETE message.

-------End of Quotation from [1]-------

From above, following observation can be obtained.

Observation 1: In current TS38.473, on the reception of the UE CONTEXT RELEASE COMMAND message, the gNB-DU release the UE context and reply with the UE CONTEXT RELEASE COMPLETE message.

And, there is no gNB-CU behavior description when to release UE context.

Observation 2: In current TS38.473, it is not defined when the gNB-CU release the UE context
And, TS38.473[1] allows to transfer UE CONTEXT RELEASE COMMAND message with RRC release message using RRC-container IE.

-------Start of Quotation from [1]-------

9.2.2.5
UE CONTEXT RELEASE COMMAND

This message is sent by the gNB-CU to request the gNB-DU to release the UE-associated logical F1 connection.
Direction: gNB-CU ( gNB-DU

	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 UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	RRC-Container
	O
	
	9.3.1.6
	
	YES
	Ignore


-------End of Quotation from [1]-------

Observation 3: In current TS38.473, UE CONTEXT RELEASE COMMAND message can be sent with RRC release message using RRC-container IE
2.2 Duplicated id/resource allocation
Assuming the case that RRC release message over  UE CONTEXT RELEASE COMMAND is not delivered to the UE, following observation can be obtained.

Observation 4:On the reception of  UE CONTEXT RELEASE COMMAND, gNB-DU may release the UE context even if RRC release message over UE CONTEXT RELEASE COMMAND is not delivered to the UE.

Coming to gNB-CU, as mentioned observation 2, there is no way for gNB-CU to know whether the RRC release message is successfully delivered or not. So, there would be possibility that gNB-CU release own UE context even if RRC release message is not delivered to the UE.

Observation5 :gNB-CU may release the UE context even if RRC release message over UE CONTEXT RELEASE COMMAND is not delivered to the UE.

(Note that in ordinal case, gNB-CU can know whether RRC messages are delivered by L3 ack  defined in RAN2 (e.g. RRCReconfigurationComplete against RRCReconfiguration.)

So, there is possibility that gNB-CU/DU allocates some id/resource (e.g. gNB-CU:UE F1 AP ID, gNB-DU:C-RNTI, PUCCH, SRS and so on) to new UE even if the UE intended to release is still using the resource.

Observation 6:There would be case that gNB-CU/DU allocates  duplicated id/resource are to different RRC connected UEs if RRC release message is not successfully delivered to the UE.
It would cause collision of resources, disconnection and so on. So, it should be avoided. 
(Note that, if round-robin method is used for id/resource allocation, it may not happen so often. However, considering crowded case, there still be possibility to occur duplicated allocation.)
2.3 Solution to avoid duplicated allocation
1.gNB-DU 

Fortunately, gNB-DU can know whether the RRC release message is successfully delivered or not as it serves RLC layer. So, the easiest way is to release UE context after successful delivery of RRC release message.

Proposal1:RAN3 to define gNB-DU to release the UE context after successful deliver of RRC release message (i.e. not just  on the reception of UE CONTEXT RELEASE COMMAND ). 
2. gNB-CU

Unfortunately, gNB-CU has no way to know whether the RRC release message is successfully delivered or not currently. And, timer to reuse the id/resource seems to be inefficient and not perfect solution; even on  successful delivery, gNB-CU needs wait to re-allocate the id/resource for a while assuming unsuccessful delivery. So, it would be better to introduce indication from the gNB-DU. On UE CONTEXT RELEASE COMMAND, a response message is defined (i.e. UE CONTEXT RELEASE COMPLETE). So, if the gNB-DU transfer the UE CONTEXT RELEASE COMPLETE only when successful deliver of RRC release, gNB-CU can know whether the message is successfully delivered and can release the UE context.
Proposal 2: RAN3 to define gNB-DU to  send the UE CONTEXT RELEASE COMPLETE message only after successful deliver of RRC release message. 
3
Conclusion
This contribution discusses the issue on duplicated id/resource allocation on unsuccessful deliver of RRC release and proposes possible solution.

Following observations and proposals are obtained.

Observation 1: In current TS38.473, on the reception of the UE CONTEXT RELEASE COMMAND message, the gNB-DU release the UE context and reply with the UE CONTEXT RELEASE COMPLETE message.

Observation 2: In current TS38.473, it is not defined when the gNB-CU release the UE context
Observation 3: In current TS38.473, UE CONTEXT RELEASE COMMAND message can be sent with RRC release message using RRC-container IE
Observation 4:On the reception of  UE CONTEXT RELEASE COMMAND, gNB-DU may release the UE context even if RRC release message over UE CONTEXT RELEASE COMMAND is not delivered to the UE.

Observation5 :gNB-CU may release the UE context even if RRC release message over UE CONTEXT RELEASE COMMAND is not delivered to the UE.

Observation 6:There would be case that gNB-CU/DU allocates  duplicated id/resource are to different RRC connected UEs if RRC release message is not successfully delivered to the UE.
Proposal1:RAN3 to define gNB-DU to release the UE context after successful deliver of RRC release message (i.e. not just  on the reception of UE CONTEXT RELEASE COMMAND ). 
Proposal 2: RAN3 to define gNB-DU to  send the UE CONTEXT RELEASE COMPLETE message only after successful deliver of RRC release message. 
Corresponding CR is available in [2].
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