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1. Introduction
Recently, it was noted that F1 does not have functionality to provide an indication of NAS Non-Delivery [1], i.e. the gNB-CU does not know when to trigger the procedure towards the AMF, apart from obvious cases (e.g. when the RRC procedure is not even initiated due to mobility procedures already ongoing). A solution was provided based on an individual delivery report request for specific messages [1,2].

In this paper we also consider the overall situation taking into account split SRB, and the existing signalling over X2/Xn. With this, we propose that the functionality is aligned across these interfaces and F1, which should enable both features (general RRC delivery reporting and triggering of NAS non-delivery).
2. Discussion
2.1 Background

Recently, it was noted that F1 does not have functionality to provide an indication of NAS Non-Delivery [1], i.e. the gNB-CU does not know when to trigger the procedure towards the AMF, apart from obvious cases (e.g. when the RRC procedure is not even initiated due to mobility procedures already ongoing). A solution was provided based on an individual delivery report request for specific messages [1,2].

On the other hand, there is feedback for the delivery of RRC PDUs across X2 and Xn. This feedback can be used in the split SRB case. It is similar to that in user plane, in that the receiver can provide the “highest PDCP SN” successfully delivered to the UE. 

The current procedural text states the following:

If the M-NG-RAN-NODE receives the Delivery Status IE in the Split SRB IE the M-NG-RAN-NODE shall consider RRC messages up to the indicated NR PDCP SN as having been successfully delivered to UE by S-NG-RAN-NODE.
While the above was introduced mainly to provide feedback on the delivery of RRC messages in general by the secondary, it obviously can also be used to detect NAS Non-Delivery if DLInformationTransfer message is sent via the secondary, i.e., if the indicated PDCP SN stalls, the master has the option of retransmitting via its own lower layers or indicating non-delivery in case there is a more general issue.

Observation 1: In the case of split SRB (and delivery via secondary), retransmission or NAS non-delivery reporting to AMF/MME can already operate based on the existing X2/Xn feedback mechanism.
2.2 Support for existing functionality in F1

From the above, we can already notice that there is a spec inconsistency before even considering reporting of NAS non-delivery over F1. Specifically, if the secondary is disaggregated into gNB-CU and gNB-DU, then there is no realistic option for the gNB-CU (acting as secondary for split SRB) to report delivery of RRC PDCP PDUs to the master.
Observation 2: In F1, there is no support for reporting successful delivery of RRC messages to the UE, hence the X2/Xn RRC feedback feature for split SRB cannot work with disaggregated secondary.

2.3 Possible alternative solution based on extending X2/Xn mechanism

We find that it would be desirable to provide feedback from DU to CU on RRC messages delivered to the UE (“Highest PDCP SN”), so the CU can provide such feedback over X2/Xn for the split SRB case. But if this is added to the F1 spec, then it seems that there will be useful feedback regarding e.g. delivery of NAS PDUs towards the CU, so both problems could be solved simultaneously.
Note that this is not done by reports on individual messages, but instead by the reporting of the “Highest delivered PDCP SN”. Although there may be occasional issues with out of order delivery, in a large majority of cases this level of reporting should be sufficient to handle the use cases reported in [1] (RLF, mobility or UE release).

Proposal 1: Extend X2/Xn reporting of “Highest PDCP SN (in CP)” to F1 (from DU to CU).

The respective CR is provided in [3]. Note that, unlike the X2/Xn implementation, a separate procedure is used for reporting. This is because using the UL RRC MESSAGE TRANSFER message would tie the status reporting to the delivery to the CU of an RRC message (since this is mandatory in the F1AP message). 
3. Conclusions

Observation 1: In the case of split SRB (and delivery via secondary), retransmission or NAS non-delivery reporting to AMF/MME can already operate based on the existing X2/Xn feedback mechanism.
Observation 2: In F1, there is no support for reporting successful delivery of RRC messages to the UE, hence the X2/Xn RRC feedback feature for split SRB cannot work with disaggregated secondary.
Proposal 1: Extend X2/Xn reporting of “Highest PDCP SN (in CP)” to F1 (from DU to CU).
The respective CR is provided in [3].
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