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Introduction
In the previous meeting the introduction of a delivery indication for RRC messages to the UE from gNB-DU to gNB-CU was discussed. The outcome of the discussion as captured in the Chairman’s notes is:
Do we need to support non-delivery indication over F1? (seems this is “best-effort” anyway)
To be continued…
In this contribution we elaborate further on this issue and present our views on the matter.
Discussion
In TS. 38.413 the following requirements are stated:
“The NAS Non Delivery Indication procedure is used when the NG-RAN node decides not to start the delivery of a NAS message that has been received over a UE-associated logical NG-connection or the NG-RAN node is unable to ensure that the message has been received by the UE.”
and
“The NG-RAN node initiates the procedure by sending a NAS NON DELIVERY INDICATION message to the AMF. The NG-RAN node shall report the non-delivery of a NAS message by including the non-delivered NAS message within the NAS-PDU IE and an appropriate cause value within the Cause IE, e.g., “NG intra system handover triggered”, “NG inter system handover triggered” or “Xn handover triggered”.” respectively.
In this contribution we would like to address the following parts of the requirements and investigate how they affect F1.
1. The NAS Non Delivery Indication procedure is used when the NG-RAN node is unable to ensure that the message has been received by the UE.
and
2. The NG-RAN node shall report the non-delivery of a NAS message by including the non-delivered NAS message within the NAS-PDU IE.
Messages received in the DOWNLINK NAS TRANSPORT messages are sent to the UE using acknowledged (AM) mode. In a higher layer split deployment, where a gNB consists of a gNB-CU and one or more gNB-DU(s) connected via F1 interface, the protocol stack in the gNB-DU is PHY/MAC/RLC and in the gNB-CU it is PDCP/RRC. The services provided by RLC to its upper layer (PDCP) for AM mode are described in [2]:
AM data transfer, including indication of successful delivery of upper layers PDUs.
To fulfil the first requirement the gNB-CU needs to understand if an RRC message containing a NAS PDU has been delivered to the UE. The service provided by RLC as described above enables the gNB-DU to understand when a message has been delivered, but there is currently no support for sending this information from the gNB-DU to the gNB-CU in the F1AP [3].

Conclusion 1: 	To fulfil the requirements stemming from TS 38.413 a mechanism indicating successful delivery of upper layer PDUs to the gNB-CU is needed in F1AP.
To solve this issue, we believe that for each RRC message the gNB-CU needs to be acknowledged, the gNB-CU could store an identifier RRC message ID uniquely identifying the RRC message containing also associated information such as:
· the SRB on which the NAS-PDU is sent, 
· an action to be taken if the message is not delivered to the UE 
· Any data needed to perform the action (e.g. a NAS PDU). 
The specific information included is implementation specific and the above serve as examples.
If this information is not provided over the F1 interface, this functionality would be lost in a higher layer split scenario. 
It is important that the gNB-CU understands which RRC messages have not been delivered when the gNB-DU no longer serves the UE. In the following we examine different scenarios where this can be applicable.
1. Mobility
Let’s consider the case when during handover there is a queue of NAS messages on SRB2. The handover command message on SRB1 will be sent first hence the UE will leave the cell without receiving the content in queue on SRB2 and as a result, the NAS messages which were intended for the UE will then be lost without any chance to indicate this to the AMF.
We believe that since we don’t forward NAS messages between cells there needs to be a way to identify if RRC messages were delivered, improving in that way the efficiency of the handover procedure.
We should note also that in UP information about the PDUs transmitted in the old cell is forwarded to the new cell. 
2. UE release
As also described in detail in R3-184815, currently in TS 38.473, the UE context release may be done even if the RRC release message is not delivered to the UE. This could lead to situations where the same id/resource is allocated to several connected UEs.
3. Radio link failure
In case of RLF, the possibility of applying delta configuration at re-establishment exists in NR. But if there exists no information regarding which RRC messages have been delivered it may be necessary to always revert to full configuration.
Apart from these cases, it will also be beneficial for the gNB-CU to know if and when an RRC message is successfully delivered to the UE for RRM purposes.  
So, based on the above we propose
Proposal 1: 	Include an RRC message ID which identifies the RRC message in the RRC-Container
Naturally, the inclusion of an RRC message ID in a message sent from the gNB-CU to the gNB-DU indicates that a delivery report needs to be sent back to the gNB-CU from the gNB-DU when the content of the RRC-Container has been delivered to the UE.
Proposal 2: 	A delivery report shall be sent back to the gNB-CU from the gNB-DU when the content of the RRC-Container has been delivered to the UE.
A new message needs to be introduced to carry the delivery report and transfer information about successful delivery of the RRC message from the gNB-DU to the gNB-CU. 
Proposal 3: 	Introduce a new message sent from the gNB-DU to the gNB-CU reporting successful delivery of an RRC message when requested by the gNB-CU.
We believe that since the NAS non-delivery indication functionality is included in NG-AP then there must be a way to transfer this information in a CU-DU split scenario. As is the status now, in the case of a higher layer split scenario although the delivery indication exists on NG there is no way of identifying if the message is delivered in lower layers. As a result, the NG-AP functionality itself is undermined.
Proposal 4:	If the RRC delivery indication from gNB-DU to gNB-CU is not agreed, then the existence of the NG-AP NAS non delivery indication should be re-examined. In that case an LS should be sent to SA2.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution we discussed the issue of RRC delivery indication from gNB-DU to gNB-CU for messages to the UE and the following proposals are made: 
Proposal 1: 	Include an RRC message ID which identifies the RRC message in the RRC-Container
Proposal 2: 	A delivery report shall be sent back to the gNB-CU from the gNB-DU when the content of the RRC-Container has been delivered to the UE.
Proposal 3: 	Introduce a new message sent from the gNB-DU to the gNB-CU reporting successful delivery of an RRC message when requested by the gNB-CU.
Proposal 4:	If the RRC delivery indication from gNB-DU to gNB-CU is not agreed, then the existence of the NG-AP NAS non delivery indication should be re-examined. In that case an LS should be sent to SA2.
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