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1. Introduction

During RAN3-97 the topic of fast retransmission of lost PDUs was discussed. The discussion brought to a number of agreements reported below:

WA: Address multi-connectivity scenario with UP solution.

The status of radio link outage is decided in the DU.

The agreements above imply that the following scenario can be assumed when designing a solution:

· A UE is connected simultaneously to multiple radio links served by at least two DUs. Such radio links can be associated to at least two DRBs, where each DU serves at least one of such DRBs. When connectivity towards one DU is impaired, e.g. due to radio link outage, a solution based on outage notification and activation of retransmission of lost PDCP PDUs over other available radio links is based on signalling over the UP (i.e. F1-U) 

· It is up to the DU to decide, based on implementation mechanisms, when a link is in outage and retransmission over another DU is needed or whether a link has recovered from an outage.

TS38.401 already contains text describing mechanisms for centralised retransmission of lost PDUs. In this paper details are presented for a solution on fast retransmission based on UP signalling and TPs are proposed. 
2. UP based solution for fast centralised PDU retransmission 
In [1] a solution for fast PDU retransmission was described. The solution is based on UP signalling and DU independent decision on when to declare radio link outage. For that the solution is in line with the agreements taken at RAN3-97. 

The solution can be summarised below with some more added details. 
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1. DU1 determines that the radio link is subject 

to an outage, e.g. blocking, fast fading

0. UE is connected to the CU at RRC and PDCP level. UE has DRBs configured and active 

with DU1 and DU2

    2. As part of F1-U flow control mechanisms, DU1 sends a notification of radio link outage and 

PDCP PDU numbers that have not been delivered to the UE to CU

    4. CU sends data for traffic flows previously served by DU1 

to DU2. CU retransmitted undelivered PDCP PDUs to DU2

3. CU switches traffic delivery for 

data flows previously sent over DU1 

to DU2. CU retransmits undelivered 

PDCP PDUs over DU2. CU does not 

necessarily remove DU1 DRBs 

configured to serve the UE

    5. As part of F1-U flow control mechanisms, DU1 sends a notification of radio link resume to 

CU. This signals that the DRBs in DU1 can be used 


Figure 1: Message Sequence Chart for UP based fast centralised retransmission of lost PDCP PDUs

0) The scenario of multi-connectivity agreed at RAN3-97 is assumed. Here a UE is served by multiple DRBs terminating at least at two DUs

1) As per agreements at RAN3-97, DU1 realises that a radio communication via DRBs serving the UE is impaired. That could be due to e.g. radio blocking. 
2) As part of flow control mechanisms over F1-U, DU1 notifies the CU that a radio link outage occurred. DU1 also notifies the CU of the PDCP PDUs SNs that were not successfully delivered to the UE 

3) CU stops forwarding UE data traffic to the DU in outage and forward this traffic to DUs where other available DRBs are present, together with undelivered PDCP PDUs. CU does not necessarily remove DRBs configured in DU1 for the UE
4) CU forwards data traffic for traffic flows previously served by the DU1’s DRBs to DU2. PDCP PDUs that were unsuccessfully delivered over DU1 are retransmitted to DU2

5) In the same way in which DU1 autonomously decides and signals to the CU when a DRB is subject to radio outage, the DU signals to the CU when radio link recovers from the outage. This allows to re-use the recovered DRB once available again. Signalling occurs by means of flow control procedures over F1-U

6) CU resumes data traffic transmission over DU1’s DRBs
The solution above is in line with the agreements taken at RAN3-97 and it is based on the following main principles:

- Include in the flow control signalling over F1-U a notification of Radio Link Outage and a notification of Radio Link Recovery for DRBs served by a DU

- Include in the flow control signalling over F1-U a notification of PDCP PDU SNs that were not delivered by the DU due to radio link outage

- Allow the CU to switch data traffic from one DU in outage to another available DU while not removing DRBs configured in the DU in outage
- Allow the CU to switch traffic back to the DU once the radio link outage is resolved

Proposal: It is proposed to agree to a solution for fast PDCP PDU retransmission based on the following points:

· Include in the flow control signalling over F1-U a notification of Radio Link Outage and a notification of Radio Link Recovery for DRBs served by a DU

· Include in the flow control signalling over F1-U a notification of PDCP PDU SNs that were not delivered by the DU due to radio link outage

· Allow the CU to switch data traffic from one DU in outage to another available DU while not removing DRBs configured in the DU in outage

· Allow the CU to switch traffic back to the DU once the radio link outage is resolved

4
Conclusions
In this paper a solution for fast retransmission of lost PDCP PDUs based on UP signalling is presented. In order to move forward with agreements that allow to detail a design for such solution the following is proposed:
Proposal: It is proposed to agree to a solution for fast PDCP PDU retransmission based on the following points:

· Include in the flow control signalling over F1-U a notification of Radio Link Outage and a notification of Radio Link Recovery for DRBs served by a DU

· Include in the flow control signalling over F1-U a notification of PDCP PDU SNs that were not delivered by the DU due to radio link outage

· Allow the CU to switch data traffic from one DU in outage to another available DU while not removing DRBs configured in the DU in outage

· Allow the CU to switch traffic back to the DU once the radio link outage is resolved

A TP to TS38.401 capturing the overall description above is presented below, while a TP to TS38.475 is presented in [2] 
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TP to 38.401

---------------------------------------------First Change---------------------------------------------
8.3 Mechanism of centralized retransmission of lost PDUs


This mechanism allows to perform the retransmission of the PDCP PDUs that were not delivered by a gNB-DU (gNB-DU1) because the corresponding radio links toward the UE are subject to outage. When such outage occurs, data traffic previously sent via the gNB DU in outage and 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, where a UE is served by multiple DRBs terminating at least at two DUs, 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 necessarily removed.

5. The gNB-DU1 monitors the radio link toward the UE.
6. If the gNB-DU1 realizes that the link toward the UE is working again, it sends a “Radio Link Resume” notification message over the F1-U interface to inform the gNB-CU that the radio link can be used again.
7. The gNB-CU may start sending traffic via gNB-DU1 again.


Editor’s Note: whether a notification over F1-C is needed in some cases is FFS.




Editor’s Note: whether a mechanism for single-connectivity (handover) scenarios is needed is FFS.

---------------------------------------------End of Changes---------------------------------------------

