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1. Introduction

In last RAN3 meetings, there were some discussions on whether a new message i.e. UE Reconfiguration Complete message should be introduced to enable CU to inform DU that the RRC reconfiguration is already completed at UE side. In this contribution, we further analyse some cases of RRC reconfiguration and give our proposals accordingly.

2. Discussion
No generic and reliable solution is yet pointed out on when the DU shall begin to send the DL user data to the UE. In last RAN3 meetings, we suggested that an extra F1-AP class-2 message, namely “UE Reconfiguration Complete”, shall be added to inform the gNB-DU that the UE has completed the RRC Connection Reconfiguration procedure and is ready to receive DL user data, and then the DU shall begin to send DL user data. A general discussion is seen in [1].
However, some companies raised a concern that there are no cases of RRC reconfiguration in which UE Reconfiguration Complete message is necessary and to wait such message may only cause delay. They argued that any RRC reconfiguration either demands a random access procedure and hence the DU can get aware of the completion, or is just some modification of timers and “the protocols are compatible” [2].

We find that this is not always true. There are some types of RRC configuration in which neither a random access procedure is necessary, nor the protocols are compatible. The most common cases among them are a) DRX-Config modification, b) SCell addition, and c) radio bearer addition. a) and b) are similar and we group them as “Case 1” below, while c) is different and we refer it as “Case 2” below.
Case 1: DRX-Config modification or SCell addition
Random access procedure is unnecessary when the DRX-Config is modified. For the case of SCell addition, when the added SCell is in the same TAG of another serving cell already configured (which is the usual case), random access procedure is also unnecessary. Hence it is usually not feasible for the DU to get aware of the completion of RRC reconfiguration directly by random access procedure.
Summary: Random access procedure is usually unnecessary for the case of DRX-Config modification or SCell addition.
On the other hand, the protocols are no longer compatible when such reconfiguration takes place. Before DRX-Config modification is performed in the UE, the PDCCH is not monitored during the newly-configured DRX active time. DL packets sent at this moment are bound to be lost.
The case with SCell addition is slightly different. The network shall firstly send a DL MAC CE to activate the SCell to be added. Such MAC CE is delivered in a cell already activated, e.g. the SpCell, and thus it can be always successfully received and replied in HARQ. However, it is indicated by SCellIndex what cell shall be activated while such SCellIndex is allocated by RAN node as a temporary ID and is delivered in RRCConnectionReconfiguration message. If a UE receives such MAC CE when it has not yet received the RRC message or performed the reconfiguration accordingly, it cannot understand what cell the SCellIndex indicates, and therefore it shall ignore this entry as specified in Section 6.1.3.10 of TS 38.321. In the contrary, the gNB-DU may start to send DL packets through the added SCell since it receives the HARQ of such MAC CE and supposes that the SCell is already activated in UE. As the PDCCH of the added SCell is not yet monitored by the UE, DL packets sent at this moment are bound to be lost.
Summary: It will cause DL packet loss to begin Uu DL transmission before DRX-Config modification or SCell addition is performed in the UE.
Case 2: Radio bearer addition
Similarly, a radio bearer addition does not demand a random access procedure.
Summary: Random access procedure is unnecessary for the case of radio bearer addition.
On the other hand, we concluded in [3] that DL user data may arrive at the DU before the RRCConnectionReconfiguration message is sent to the UE. For example, the MeNB working in EN-DC may decide to change an MCG bearer to an SCG bearer, while the SgNB is CU-DU split and the X2 DL GTP tunnel ending is within the SgNB-DU. The MeNB, which is unaware of whether the SgNB is CU-DU split or not, may send DL PDCP PDUs to the SgNB when it receives the “SgNB Modification Request Acknowledge” message. It is possible that PDCP PDUs of the newly-added bearer also arrive at the SgNB-DU at this moment, and as a result, a new LCID shall be used in MAC PDUs. If the UE receives such MAC PDUs before it performs the relative reconfiguration, it will consider this LCID invalid and will discard the MAC PDUs immediately, which will be further regarded as packet loss in RLC level.
Summary: It will cause DL packet loss to begin Uu DL transmission before radio bearer addition is performed in the UE, if this radio bearer uses the cell group of the considered DU.
Observation 1: Random access procedure is usually unnecessary for the case of DRX-Config modification, SCell addition, or radio bearer addition.
Observation 2: To begin Uu DL transmission before RRC reconfiguration completion will cause DL packet loss for several cases, e.g. DRX-Config modification, SCell addition, or radio bearer addition.
A few methods have been proposed to tackle the above-mentioned issues as below. However, none of them could really resolve the problem.
1) Alternative 1: Rely on low layer retransmission. This alternative is not always feasible since such retransmission is not always performed by the DU. What’s more, RLF may happen if it reaches the maximum retransmission number in AM mode. It is not reliable enough either from the perspective of protocol.
2) Alternative 2: DU start to send DL data when UL packets arrive at the DU. Similar obstacle is seen as UL packets do not always exists, especially in DC scenario where it is common that all UL user data are transferred to the master node.
3) Alternative 3: Timer based solution. A timer shall start when reconfiguration is completed in the considered DU, and when it expires, the DU shall send DL data to the UE. However, a relatively long delay will be expected, as this timer has to be long enough to handle different deployments and different reconfigured elements.
4) Alternative 4: To prevent the DU from receiving DL data when RRC reconfiguration procedure is not yet completed. As implied in Figure 8.2.2.1-1 of TS 38.401 (v15.0.0), any PDCP instance shall not send DL data to the considered DU until the RRCReconfigurationComplete message or the SgNB Reconfiguration Complete message is received by the CU hosting the considered PDCP. However, we pointed out in [3] that this method has too many drawbacks, and concluded that when to send DL data to the DU should be by implementation..Besides, this alternative could not work either when there is no DL data buffered in the CU and the DU just needs to send the data buffered in DU.
5) Alternative 5: Random access procedure is mandatory for every RRC reconfiguration procedure in which alignment of lower layer configuration is necessary between the UE and the DU (e.g. DRX-Config modification / SCell addition / radio bearer addition). This method obviously leads to different UE behaviour in CU-DU scenario and aggregated gNB scenario. Besides, this solution would have RAN2 impact and need to contact RAN2 whether it is feasible. 
Observation 3: There are a few methods to tackle the above-mentioned issue by implementation, but all of them have notable limitations and drawbacks.
From our point of view, the most proper way is to introduce a new F1AP message sent from the CU to the DU when the CU receives the RRCReconfigurationComplete message, the SgNB Reconfiguration Complete message, or the SgNB Modification Confirm message. As a baseline, the DU shall begin to send DL packet towards the UE when this F1AP message is received, though other methods aiming to reduce time delay are not precluded. A typical scenario is depicted below.
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It can be clearly seen that the introduction of “UE Reconfiguration Complete” message forms a closed circuit (i.e. the UP transmission begins upon the reception of a CP message), which is favourable from the perspective of protocol and is robust for further evolution. Therefore, we suggest that this method shall be used.
Proposal 1: F1-AP UE Reconfiguration Complete message shall be introduced.

Proposal 2: As a baseline, downlink packets are sent to the UE when UE Reconfiguration Complete message is received. Other implementations for optimisation are not precluded.
3. Conclusion

Observation 1: Random access procedure is usually unnecessary for the case of DRX-Config modification, SCell addition, or radio bearer addition.
Observation 2: To begin Uu DL transmission before RRC reconfiguration completion will cause DL packet loss for several cases, e.g. DRX-Config modification, SCell addition, or radio bearer addition.
Observation 3: There are a few methods to tackle the above-mentioned issue by implementation, but all of them have notable limitations and drawbacks.
Proposal 1: F1-AP UE Reconfiguration Complete message shall be introduced.

Proposal 2: As a baseline, downlink packets are sent to the UE when UE Reconfiguration Complete message is received. Other implementations for optimisation are not precluded.
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