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1．Introduction

In TS38.401[1], a new chapter is opened to address the mechanism of the centralized retransmission of lost PDUs. The remaining FFSs are listed as follows:

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.
In this paper, we provide our interpretations for the above FFSs. Two solutions for the lost PDCP PDU retransmission in the intra-gNB-CU inter-gNB-DU mobility procedure are also provided, including the gNB-DU measurement report method and a newly defined independent F1 AP message. The corresponding CRs for TS38.401 are also provided.
Discussion

2.1 Interpretations for the remaining FFSs
For all the FFSs listed above, we will provide our interpretations one by one.

Editor’s Note: how to define radio link outage is FFS.

From our point of view, the radio link outage could occur in many cases. Basically the following parameters can be applied to evaluate whether an radio link outage occurs:

The SDU transmission delay in DU; 

The average retransmission time for the AM RLC PDU;

The average retransmission time of HARQ.

The radio link outage occurs if any one of the parameters listed above is larger than the given threshold.
Proposal 1: The radio link outage occurs if any one of the listed parameters is larger than the given threshold.
The radio link failure is mainly targeting the dual/multi connectivity scenarios. For single connectivity scenario, the UE may also suffer from lost of PDCP PDUs when UE moves from one gNB-DU to another gNB-DU. Thus the lost PDU retransmission mechanism during the UE mobility process should also be supported.

Editor’s Note: whether the notification is over F1-C or F1-U is FFS.

Comparing with F1-U solution, F1-C solution can provide more reliability and robustness, which is very important for signalling transmission. Since the notification can be transmitted either by the gNB-DU measurement report message or an independent F1 AP message, the F1-C solution seems a natural choice.

Proposal 2: The notification should be transmitted over F1-C.
Editor’s Note: whether new notification mechanism is needed is FFS.

Yes. We have provided our solutions for sending this notification, one solution is based on the gNB-DU measurement report function and the other solution is based on an independent F1 AP message. The technical details can be found at the latter part of this discussion paper.  

Proposal 3: The notification mechanisum is needed.
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.
Yes. For the inter-gNB-DU mobility scenario, the PDCP PDU SN which is successfully delivered in sequence to the UE can be used for the lost PDU retransmission. In the following, we will discuss our solution details for the lost PDU retansmission.

Proposal 4: The PDCP PDU SN should be included in the notification in order to support the lost PDU retransmission.
2.2 Lost PDCP PDU retransmission solutions

According to the RLC status report from UE, the source gNB-DU is able to identify the highest PDCP PDU SN successfully delivered in sequence to the UE. Then the source gNB-DU will send a notification to gNB-CU including the highest PDCP PDU SN successfully delivered in sequence to the UE. Based on this notification, gNB-CU will retransmit the undelivered PDCP PDUs to UE via target gNB-DU. This notification can be sent either by gNB-DU measurement report or an independent F1 AP message, both can be adopted for standardization.

Observation 1: According to the RLC status report from UE, the source gNB-DU is able to identify the highest PDCP PDU SN successfully delivered in sequence to the UE. Then the source gNB-DU will send a notification to gNB-CU including the highest PDCP PDU SN successfully delivered in sequence to the UE. Based on this notification, gNB-CU will retransmit the undelivered PDCP PDUs to UE via target gNB-DU. This notification can be sent either by gNB-DU measurement report or an independent F1 AP message, both can be adopted for standardization.
Solution 1): Notification sent by gNB-DU measurement report 

In this solution, the highest PDCP PDU SN successfully delivered in sequence to UE is included in the gNB-DU measurement report. By sending the gNB-DU measurement report to gNB-CU, gNB-CU could retransmit the undelivered PDCP PDUs and the following new PDCP PDUs to UE via target gNB-DU. Since we only need to add the PDCP PDU SN into the gNB-DU measurement report, it seems that a slight change is needed to support the lost PDU retransmission. This solution could reduce the F1AP signaling complexity, which is a convenient way for standardization.
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Fig. 1: gNB-DU measurement report based solution

Solution 2): SN Status Report (an independent F1 AP message)

During last meeting, some companies argue that the gNB-DU measurement report should be applied for non-UE associated measurement only. We are also open with this viewpoint, correspondingly we provide another solution for the lost PDU retransmission as follows.

In this scenario, an independent F1 AP message is needed in order to support the lost PDU retransmission. For simplicity, this F1 AP message may include the following IEs: the CU UE F1AP ID, the DU UE F1AP ID and the highest PDCP PDU SN successfully delivered in sequence to UE. Based on these IEs, the gNB-CU could retransmit the undelivered PDCP PDUs to UE via target gNB-DU. Considering similar function used in S1 interface, it is proposed to define the new F1 AP message for lost PDU retransmission as SN Status Report.
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Fig. 2: SN Status Report based solution.

The comparison of solution 1 and solution 2 are shown in Table 1.

	
	Need new F1 AP function
	Reuse Existing F1 AP function
	Remark

	Solution 1
	N
	Y
	Reduce F1 AP function numbers, less standardization work complexity.

	Solution 2
	Y
	N
	Dedicated F1 AP function, may introduce additional standardization effort.


Table 1: Comparison of solution 1 and solution 2

Based on the above analysis, RAN3 is kindly suggested to adopt the following proposal: 
Proposal 5: It is proposed to capture either the gNB-DU measurement report based solution or the SN Status Report based solution for lost PDU retransmission into TS38.401.
Conclusion
RAN3 is kindly asked to discuss and adopt the following observations and proposals:

Observation 1: According to the RLC status report from UE, the source gNB-DU is able to identify the highest PDCP PDU SN successfully delivered in sequence to the UE. Then the source gNB-DU will send a notification to gNB-CU including the highest PDCP PDU SN successfully delivered in sequence to the UE. Based on this notification, gNB-CU will retransmit the undelivered PDCP PDUs to UE via target gNB-DU. This notification can be sent either by gNB-DU measurement report or an independent F1 AP message, both can be adopted for standardization.
Proposal 1: The radio link outage occurs if any one of the listed parameters is larger than the given threshold.

Proposal 2: The notification should be transmitted over F1-C.
Proposal 3: The notification mechanisum is needed.
Proposal 4: The PDCP PDU SN should be included in the notification in order to support the lost PDU retransmission.
Proposal 5: It is proposed to capture either the gNB-DU measurement report based solution or the SN Status Report based solution for lost PDU retransmission into TS38.401.
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Annex

/////////////////////////// TP for both solution 1 and solution2 Start (for 38.401) ////////////////////////////////////////////////////////////////

8.3
Mechanism of centralized retransmission of lost PDUs


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. 





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. 


For single connectivity scenario, when UE moves from one gNB-DU to another gNB-DU, the UE will also suffer from lost of PDCP PDUs during mobility. The source gNB-DU shall send a notification to the gNB-CU about PDCP PDU transmission status in the source side, then gNB-CU shall forward to target gNB-DU the incoming data for the UE as well as PDCP PDUs with SNs potentially indicated by the source gNB-DU.
--------------------------------------------------------------------8<------------------------------------------------------------------

10.3.2.2
  F1-C functions
10.3.2.2.5  gNB-DU and gNB-CU measurement reporting function (FFS)

The gNB-DU and gNB-CU measurement reporting functions are used to report the measurements of gNB-DU and and gNB-CU, respectively. 

In order to support the lost PDCP PDUs retransmission during the mobility, the gNB-DU sends the highest received PDCP PDU SN acked by UE as a gNB-DU measurement report to gNB-CU.
///////////////////////////////////////////////////////// TP for solution 1 End (for 38.401) ////////////////////////////////////////////////////////////////

///////////////////////////////////////////////////////// TP for solution 2 End (for 38.401) ////////////////////////////////////////////////////////////////

10.3.2.2
F1-C functions
10.3.2.2.x  SN status report function

In order to support the lost PDCP PDUs retransmission during the mobility, the gNB-DU sends the highest received PDCP PDU SN acked by UE as a SN status report to gNB-CU.

///////////////////////////////////////////////////////// TP for solution 2 End (for 38.401) ////////////////////////////////////////////////////////////////

3GPP


_1234567890.vsd
�

Source gNB-DU


gNB-CU


Target 
gNB-DU


UE


1.gNB-DU measurement report
 



2.Retransmit undelivered PDCP PDUs


3.Transmit new PDCP PDUs



_1234567891.vsd
�

Source gNB-DU


gNB-CU


Target 
gNB-DU


UE


1.SN Status Report
 



2.Retransmit undelivered PDCP PDUs


3.Transmit new PDCP PDUs



