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Introduction
During RAN3 #97bis the inter-gNB-DU mobility procedure was discussed and a new class 1 procedure was introduced, namely the UE Mobility Command procedure. In this contribution, we discuss in more detail the inter-gNB-DU handover procedure agreed in TS 38.401 V0.4.1, we analyse the details of some steps and we propose a resolution for the corresponding FFSs.
Discussion
The inter-gNB-DU mobility procedure is used for the case where the UE moves from one gNB-DU to another gNB-DU during NR operation. The call-flow for the inter-gNB-DU handover as agreed in TS 38.401 V0.4.1 is shown in Fig. 1. 


Figure 1: Inter-gNB-DU mobility for intra-NR.
Intra-gNB-CU and inter-gNB-CU mobility
In the disaggregated RAN (gNB-CU/gNB-DU) architecture, the inter-gNB-DU mobility procedure can be either inter- or intra-gNB-CU. Currently, the gNB-DU is unaware of whether an ongoing mobility procedure is inter- or intra-gNB-CU. This could lead to extra-signalling and sub-optimal performance, such as longer time required for completing a handover procedure. 
We could leverage the UE Mobility Command procedure to include a mechanism that allows the gNB-CU to notify a gNB-DU whether an ongoing procedure is either inter- or intra-gNB-CU. This allows for example the gNB-DU to decide whether to send the notification about the delivery status of the PDCP PDUs using the control plane F1-C interface or the user plane F1-U interface. In light of the fact that at least at implementation level a gNB-CU may be split into UP and CP parts, this enhancement would improve signalling efficiency as it would avoid extra signalling between the UP and CP parts of the gNB-CU. As a consequence, it can also reduce the latency of the handover procedure.
To better illustrate the mechanism and its advantages we analyse the two cases of intra-gNB-CU and inter-gNB-CU handover. One important aspect to consider is that it is highly likely that the user plane and the control plane part of the gNB-CU will be in different boards or in different processors. Therefore, in the following we are keeping as separate the control plane part and the user plane part of the gNB-CU. The latter implementation has been acknowledged already during RAN3-95bis, where the following was minuted when discussing R3-171203:
The standard should not prevent to separated CP and UP.

First, we consider the intra-gNB-CU handover. In this case the source gNB-DU (S-gNB-DU) and target gNB-DU (T-gNB-DU) are connected to the same gNB-CU. After being informed about the handover, the S-gNB-DU should send information about the delivery status of the PDCP PDUs to the user plane part of the gNB-CU. There are two possible ways:
1. Transmission via User plane: Using Downlink Data Delivery Status (DDDS) over the F1-U. This is step 1.1 shown in green in the figure below. In this case, the S-gNB-DU can inform directly the user plane part of the gNB-CU and transmission toward the target can start immediately afterwards.
2. Transmission via Control plane: Using PDU Delivery Status Transfer over F1-C first that is step 2.1 in the Figure 2 below and subsequently transferring it from the control plane part of the gNB-CU to the user plane part of the gNB-CU using step 2.2. This option is illustrated in blue in the figure below. It requires the transmission of two control plane messages 2.1 and 2.2 namely one over F1-C and one between the control and the user plane part of the gNB-CU before the user plane part of the gNB-CU can start re-transmitting the PDCP PDUs that were not delivered by the S-gNB-DU.  
In this case, the user plane method appears more efficient.



Figure 2: intra gNB-CU handover.
Now we turn our attention to the inter-gNB-CU handover. In this case the handover is between different gNBs. After being informed about the handover, the S-gNB-DU should send information about the delivery status of the PDCP PDUs to the source gNB-CU that then needs to send this information to the target gNB (T-gNB) over the Xn interface using Xn Status Transfer. There are two possible ways:
1. Transmission via User plane: S-gNB-DU sends Downlink Data Delivery Status (DDDS) over the F1-U to the user plane part of the gNB-CU, that is step 1.1 in the Figure 3 below. After that the user plane part of the gNB-CU sends the SN Status Transfer to the control plane part of the source gNB-CU in step 1.2. Finally, the control plane part of the source gNB-CU sends the Xn Status Transfer to the target gNB (T-gNB). This is shown in green in the figure below. 
2. Transmission via Control plane: S-gNB-DU sends the F1 PDU Delivery Status Transfer directly to the control plane part of the source gNB-CU in step 2.1. Then, the control plane part of the source gNB-CU can directly send the Xn Status Transfer to the T-gNB.
 In this case, the control plane method appears more efficient.



Figure 3: inter gNB-CU handover.
Based on the discussion above, it appears that the most efficient approach is that the S-gNB-DU sends the information about the delivery status of the PDCP PDUs using user plane (F1-U) for intra-gNB-CU handover and using control plane (F1-C) for inter-gNB-CU handover. However, this is not possible according to the current standard. By adopting the proposed mechanism, we allow the S-gNB-DU to know whether an ongoing procedure is intra-gNB-CU or inter-gNB-CU. Therefore, the gNB-DU can optimize the signalling by sending the information about the delivery status of the PDCP PDUs (i) over F1-U for intra gNB-CU handover (ii) and over F1-C for inter gNB-CU handover. 
Based on the above analysis we propose the following:
Proposal 1	The gNB-CU should inform the source gNB-DU in the UE Mobility Command message on whether the handover is inter- or intra-gNB-CU.
Proposal 2	The source gNB-DU should send the information about the delivery status of the PDCP PDUs to the gNB-CU as follows:
1. For intra-gNB-CU handovers the information is sent via F1-U;
2. For inter-gNB-CU handovers the information is sent via F1-C.

Resolution of open issues 
In this section, we provide a resolution for the FFSs in Section 8.2.1.1 in TS 38.401 V0.4.0.  The first FFS is related to step 3 and is expressed as follows:
· The gNB-CU sends an UE Context Setup Request message to the target gNB-DU to create an UE context and setup one or more bearers, which contains Target Cell ID (FFS).
We concur with the inclusion of Target Cell ID in the UE Context Setup Request message. Since this IE is useful also in the cases of Dual Connectivity, we propose to name it instead Cell ID. In that way it would fit better in the case of Dual Connectivity.
Proposal 3	The UE Context Setup Request should include the Cell ID.

The second FFS in TS 38.401 V0.4.0 is related to step 4 and is expressed as follows:
· The target gNB-DU responds the gNB-CU with an UE Context Setup Response message, which contains MobilityControlInfo (FFS).
A dedicated discussion on how to address this FFS is presented in R3-174785.
The third FFS in TS 38.401 V0.4.0 is reported below:
· Editor’s note: It is FFS whether the UE Mobility Command Acknowledge may contain the information about the unsuccessfully delivered PDCP PDUs.
As we analysed in the discussion above relating to the UE Mobility Command, we propose that the UE Mobility Command Acknowledge should contain information about the delivery status of the PDCP PDUs.
Proposal 4	The UE Mobility Command Acknowledge should contain information about the delivery status of the PDCP PDUs.

The fourth FFS in TS 38.401 V0.4.0 is reported below:
· Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.
Following Random Access, once the UE has completed RRC reconfiguration, it will respond with an RRCConnectionReconfigurationComplete message that will reach gNB-CU via target gNB-DU. This can be taken as a trigger to forward PDCP traffic to the target gNB-DU. In light of this, we propose not to include the indication from the gNB-DU to the gNB-CU that the UE has successfully attached.
Proposal 5	The gNB-DU does not indicate to the gNB-CU that the UE has succesfully attached.
Conclusion 
In this contribution, we analysed the handover procedure. We conclude with the following proposals:
Proposal 1	The gNB-CU should inform the source gNB-DU in the UE Mobility Command message on whether the handover is inter- or intra-gNB-CU.
Proposal 2	The source gNB-DU should send the information about the unsuccessfully transmitted PDCP PDUs to the gNB-CU as follows:
1. For intra-gNB-CU handovers the information is sent via F1-U;
2. For inter-gNB-CU handovers the information is sent via F1-C.
Proposal 3	The UE Context Setup Request should include the Cell ID.
Proposal 4	The UE Mobility Command Acknowledge should contain information about the delivery status of the PDCP PDUs.
Proposal 5	The gNB-DU does not indicate to the gNB-CU that the UE has succesfully attached.
Proposal 6		RAN3 is kindly asked to agree with the TP in Annex I.
Annex I: TP for TS 38.401
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This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation. Figure 8.2.1-1 shows the inter-gNB-DU mobility procedure for intra-NR.


Figure 8.2.1.1-1: Inter-gNB-DU Mobility for intra-NR
1.	The UE sends a Measurement Report message to the source gNB-DU.
2.	The source gNB-DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report. 
3.	The gNB-CU sends an UE Context Setup Request message to the target gNB-DU to create an UE context and setup one or more bearers, which contains Target Cell ID (FFS).
4.	The target gNB-DU responds the gNB-CU with an UE Context Setup Response message, which contains MobilityControlInfo (FFS). 
[bookmark: _Hlk491397812]5.	The gNB-CU sends a UE Mobility Command message, which includes a generated RRCConnectionReconfiguration message and indicates to stop the data transmission for the UE, to the source gNB-DU. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the target gNB-DU. The UE Mobility Command message contains information on whether the handover is inter- or intra-gNB-CU.
Editor’s note: It is FFS whether the UE Mobility Command message contains the information on whether the handover is inter-CU or intra-CU.
6.	The source gNB-DU forwards the received RRCConnectionReconfiguration to the UE.
7.	The source gNB-DU responds the gNB-CU with UE Mobility Command Acknowledge message. The UE Mobility Command Acknowledge contains information about the delivery status of the PDCP PDUs.
Editor’s note: It is FFS whether the UE Mobility Command Acknowledge may contain the information about the unsuccessfully delivered PDCP PDUs.
8.	Random Access procedure is performed at the target gNB-DU. 
Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.
9.	The UE responds the target gNB-DU with an RRCConnectionReconfigurationComplete message.
10.	The target gNB-DU sends an Uplink RRC Transfer message to convey the received RRCConnectionReconfigurationComplete to the gNB-CU. Downlink packets are sent to the UE. Also, uplink packets are sent from the UE, which are forwarded to the gNB-CU through the target gNB-DU.
11.	The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
12.	The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.

***************END OF MODIFIED SECTION***************
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	6/6	
image1.emf
UE

Source

gNB-DU

Target

gNB-DU

gNB-CU

1. Measurement Report

2. Uplink RRC Transfer

(Measurement Report)

3. UE Context Setup Request

4. UE Context Setup Response

5. UE Mobility Command

(RRCConnectionReconfiguration)

9. RRCConnectionReconfigurationComplete

6. RRCConnectionReconfiguration

10. Uplink RRC Transfer

(RRCConnectionReconfigurationComplete)

8. Random Access Procedure

11. UE Context Release Command

12. UE Context Release Complete

Downlink user data

Uplink user data

Downlink Data Delivery Status

Downlink user data

Downlink user data

Uplink user data

7. UE Mobility Command Acknowledge

gNB


Microsoft_Visio_2003-2010_Drawing.vsd
UE


Source
gNB-DU


Target
gNB-DU


gNB-CU


2. Uplink RRC Transfer
(Measurement Report)


3. UE Context Setup Request



1. Measurement Report


4. UE Context Setup Response



5. UE Mobility Command
(RRCConnectionReconfiguration)


9. RRCConnectionReconfigurationComplete


6. RRCConnectionReconfiguration


10. Uplink RRC Transfer
(RRCConnectionReconfigurationComplete)


8. Random Access Procedure


11. UE Context Release Command



12. UE Context Release Complete



Downlink user data


Uplink user data


Downlink Data Delivery Status


Downlink user data


Downlink user data


Uplink user data


7. UE Mobility Command Acknowledge



gNB



image2.emf
S-DU

gNB-CU

 

CP part

gNB-CU

 

UP part

F1-C

F1-U

gNB

T-DU

Xn-C

1.1 DDDS

2.1   

2.2  

F1-U

2.1 transmission

2.3 

transmission  


Microsoft_Visio_Drawing.vsdx


S-DU
gNB-CU 
CP part
gNB-CU 
UP part

F1-C

F1-U
gNB

T-DU
Xn-C
1.1 DDDS
2.1
2.2
F1-U
2.1 transmission
2.3 transmission



image3.emf
S-DU

Source gNB-CU

 

CP part

Source gNB-CU

 

UP part

F1-C

gNB

Xn-C

1.1  DDDS

2.1

1.2

F1-U

T-gNB

Xn 


Microsoft_Visio_Drawing1.vsdx


S-DU
Source gNB-CU 
CP part
Source gNB-CU 
UP part

F1-C

gNB
Xn-C
1.1  DDDS
2.1
1.2
F1-U

T-gNB
Xn



Microsoft_Visio_2003-2010_Drawing1.vsd
UE


Source
gNB-DU


Target
gNB-DU


gNB-CU


2. Uplink RRC Transfer
(Measurement Report)


3. UE Context Setup Request



1. Measurement Report


4. UE Context Setup Response



5. UE Mobility Command
(RRCConnectionReconfiguration)


9. RRCConnectionReconfigurationComplete


6. RRCConnectionReconfiguration


10. Uplink RRC Transfer
(RRCConnectionReconfigurationComplete)


8. Random Access Procedure


11. UE Context Release Command



12. UE Context Release Complete



Downlink user data


Uplink user data


Downlink Data Delivery Status


Downlink user data


Downlink user data


Uplink user data


7. UE Mobility Command Acknowledge



gNB



