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Introduction
During RAN3 #96 it was agreed to introduce a mechanism for fast centralized retransmissions of lost PDUs in the disaggregated (CU-DU) gNB deployment. The mechanism is described in TS 38.401 [1].
Start quotation from TS 38.401 v02
8.3 Mechanism of centralized retransmission of lost PDUs
Editor’s Note: whether this section could be captured in the same paragraph of mobility procedures is FFS.
This mechanism allows to perform the retransmission of the PDUs that were not delivered by a gNB-DU (gNB-DU1), e.g., because the radio link served by gNB-DU1 is subject to temporary outage, via another gNB-DU (gNB-DU2) with a well-functioning radio link toward the UE. 
The gNB-DU1 shall detect the outage (e.g., based on measurement reports, CQI feedback, UL measurements, HARQ ACK/NACK ratios, RLC status reports). The gNB-DU1 shall send a notification to the gNB-CU about the outage. 
Editor’s Note: how to define radio link outage is FFS.
Editor’s Note: whether the notification is over F1-C or F1-U is FFS.
Editor’s Note: whether new notification mechanism is needed is FFS.
Editor’s Note: whether the notification includes the PDCP PDU SNs corresponding to the RLC SDUs that have been either partially or totally undelivered in DU1 is FFS.
The gNB-CU shall decide on which gNB-DU (e.g. gNB-DU2) with well-functioning radio link to forward traffic to the UE. The gNB-CU may take this decision based on, e.g., previously recorded UE measurement reports. The gNB-CU shall forward to gNB-DU2 the incoming data traffic for the UE as well as PDCP PDUs with SNs potentially indicated by gNB-DU1. The gNB-CU may monitor the radio link served by gNB-DU1. If the radio link served by gNB-DU1 starts functioning, the gNB-CU may decide to start sending again data traffic through gNB-DU1. 
Editor’s Note: how this mechanism is applied to dual/multi connectivity or single connectivity is FFS.
End quotation from TS 38.401 v02
In this contribution, we provide more details about the proposed mechanism retransmission of lost PDUs and we look at the impact on the F1 specifications. Based on the explanations in this contribution, we propose to remove some of the FFS that are captured in TS 38.401 [1].

Discussion  
The mechanism for fast retransmission of lost PDUs is intended mainly for the multi-connectivity scenario. In such scenario, the UE is configured with multiple radio legs toward different DUs. An example of a multi-connectivity scenario is depicted in Figure 1, where the UE is configured with one radio leg toward DU1 and one radio leg toward DU2. In the following, we describe the mechanism step-by-step.
1. The UE is connected and can transmit/receive data to/from DU1 and DU2.
2. DU1 realizes that the radio link toward the UE is experiencing outage. The radio link outage can be defined as a sudden drop in the radio link quality. For instance, in a high frequency deployment, the radio link outage can be caused by the foliage loss when the UE moves behind a tree. The mechanism that allow DU1 to detect the outage depends on its implementation. 
Proposal 1	The radio link outage is a sudden drop in the radio link quality. How to detect the radio link outage depends on the DU implementation. 
3. DU1 sends a “Radio Link Outage” notification message to CU (CU-UP) over the F1-U interface. The “Radio Link Outage” notification message should be part of the F1-U flow control. The message includes the PDCP PDU SNs corresponding to the partially (and/or totally) undelivered RLC SDUs in DU1. This information helps the CU (CU-UP) to decide which PDCP PDUs require retransmission.
· It was agreed in RAN3 to adopt the same flow control over F1-U, X2-U, and Xn-U [2]. The mechanism for fast retransmission of lost PDUs would be helpful in all multi-connectivity scenarios and independently on whether the disaggregated (CU-DU) or the collapsed deployment is adopted.  For instance, it would be helpful for LTE-NR tight interworking (i.e., connectivity option 3) where the secondary en-gNB node can inform the master eNB in case of a radio link outage. It can also be applied to NG-RAN dual connectivity scenarios (e.g., connectivity options 4 and 7). Therefore, we believe that the “Radio Link Outage” notification message should be introduced also on the X2-U and Xn-U flow control.   
Proposal 2	Introduce an “Radio Link Outage Notification” message on the F1-U, X2-U, and Xn-U interfaces specification.  
4. CU (CU-UP) retransmits the undelivered PDCP PDUs via a secondary leg (i.e., DU2 in the example of Figure 1). Meantime, the CU (CU-UP) stops sending downlink traffic to DU1. The radio leg between DU1 and the UE is not removed.
5. DU1 monitors the radio link toward the UE. The mechanism that DU1 employs to monitor the radio link toward the UE depends on its implementation. 
6. [bookmark: _Hlk490211109]DU1 realizes that the link toward the UE is working again and it sends an “End Radio Link Outage” notification message to inform the CU (CU-UP) over the F1-U interface. The “End Radio Link Outage” notification message should be part of the F1-U flow control. This message could also be included in the X2-U and Xn-U flow control to allow fast PDU retransmission in other multi-connectivity scenarios (as explained above). 
Proposal 3	Introduce an “End Radio Link Outage Notification” message on the F1-U, X2-U, and Xn-U interfaces specification.  
7. CU (CU-UP) can start transmitting downlink traffic via DU1 again.
We provide in Annex I a text proposal to update the current text in TS 38.401 [1] by removing some FFS and providing a more detailed explanation of the retransmission mechanism. 
Proposal 4	RAN3 is kindly asked to agree with the text proposal in Annex I.  

[image: ]
Figure 1: Example of a multi-connectivity scenario with fast PDU retransmissions.  

[bookmark: _GoBack]There may be cases where the DU decides that the radio link toward the UE is unstable. For example, because the radio link experiences blockage very frequently or because the DU detects an outage that it estimates to be very long (e.g., the estimation can be based on machine learning techniques). How the DU decides that the link toward the UE is unstable depends on its implementation. In these cases, keeping the radio leg toward the UE would be inefficient. Therefore, a mechanism should be available at the DU to notify the CU of such event. Such mechanism may have impacts over the F1 interface. For this reason, the impact of a radio link outage on the F1-C may require further investigation. 
Observation 1	The impact of the radio link outage on the F1-C interface requires further investigation. 
The previous discussion was mostly focused on the data channels. On the other hand, also the control channels can be subject to radio link outage. One possibility to ensure resiliency for the control channels is to employ split SRB and to allow sending the RRC messages via multiple legs (e.g., both via DU1 and DU2 in the example of Figure 1). Therefore, we believe that specific solutions for the control channels may not be required. Another question is whether the proposed mechanism can also be applied to single connectivity scenarios. For example, the DU could trigger an emergency handover in case that the radio link quality toward the UE drops suddenly (but the UE is still reachable). However, we believe that such scenarios need to be further studied before reaching any conclusion.  
Observation 2	It can be further discussed whether solutions for the single-connectivity (handover) scenario should be also considered. 

Conclusion 
[bookmark: _Hlk490208958]In this paper, we discussed the mechanisms for fast retransmission of lost PDUs. We conclude with the following proposals. 
Proposal 1	The radio link outage is a sudden drop in the radio link quality. How to detect the radio link outage depends on the DU implementation. 
Proposal 2	Introduce an “Radio Link Outage Notification” message on the F1-U, X2-U, and Xn-U interfaces specification.  
Proposal 3	Introduce an “End Radio Link Outage Notification” message on the F1-U, X2-U, and Xn-U interfaces specification.  
Proposal 4	RAN3 is kindly asked to agree with the text proposal in Annex I.  
We also wwould like to highlight the followiing observations. 
Observation 1	The impact of the radio link outage on the F1-C interface requires further investigation. 
Observation 2	It can be further discussed whether solutions for the single-connectivity (handover) scenario should be also considered. 
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8.3 Mechanism of centralized retransmission of lost PDUs
Editor’s Note: whether this section could be captured in the same paragraph of mobility procedures is FFS.
This mechanism allows to perform the retransmission of the PDCP PDUs that were not delivered by a gNB-DU (gNB-DU1), e.g., because the corresponding radio link toward the UE  served by gNB-DU1 is subject to temporary outage. ,The undelivered PDCP PDUs are transmitted via another gNB-DU (gNB-DU2) with a well-functioning radio link toward the UE. The mechanism targets the multi-connectivity scenario and it includes the following steps:
1. The UE is connected and can transmit/receive data to/from gNB-DU1 and gNB-DU2.
2. The gNB-DU1 realizes that the radio link toward the UE is experiencing outage.
3. The gNB-DU1 sends the “Radio Link Outage” notification message to the gNB-CU over the F1-U interface. The message includes the PDCP PDU SNs corresponding to the partially (and/or totally) undelivered RLC SDUs in gNB-DU1.
4. The gNB-CU retransmits the undelivered PDCP PDUs via gNB-DU2. The gNB-CU stops sending downlink traffic to gNB-DU1.The radio leg between gNB-DU1 and the UE is not removed.
5. The gNB-DU1 monitors the radio link toward the UE.
6. The gNB-DU1 realizes that the link toward the UE is working again and it sends an “End Radio Link Outage” notification message to inform the gNB-CU over the F1-U interface.
7. The gNB-CU starts sending traffic via gNB-DU1 again.

The gNB-DU1 shall detect the outage (e.g., based on measurement reports, CQI feedback, UL measurements, HARQ ACK/NACK ratios, RLC status reports). The gNB-DU1 shall send a notification to the gNB-CU about the outage. 
Editor’s Note: how to define radio link outage is FFS.
Editor’s Note: whether a the nnotification is over F1-C or F1-U is needed in some cases is FFS.
Editor’s Note: whether new notification mechanism is needed is FFS.
Editor’s Note: whether the notification includes the PDCP PDU SNs corresponding to the RLC SDUs that have been either partially or totally undelivered in DU1 is FFS.
The gNB-CU shall decide on which gNB-DU (e.g. gNB-DU2) with well-functioning radio link to forward traffic to the UE. The gNB-CU may take this decision based on, e.g., previously recorded UE measurement reports. The gNB-CU shall forward to gNB-DU2 the incoming data traffic for the UE as well as PDCP PDUs with SNs potentially indicated by gNB-DU1. The gNB-CU may monitor the radio link served by gNB-DU1. If the radio link served by gNB-DU1 starts functioning, the gNB-CU may decide to start sending again data traffic through gNB-DU1. 
Editor’s Note: how this mechanism is applied to dual/multi connectivity or single connectivitywhether a mechanism for single-connectivity (handover) scenarios is needed is FFS.
End TP for TS 38.401
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