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1 Introduction

In RAN3#97bis, the mobility was extensively discussed, and the following agreements are achieved:
	Class 1 procedure shall be used for inter-DU mobility; UE Mobility Command shall be used


 There are still some FFSs left, i.e., 
	8.2.1.1
Inter-gNB-DU Mobility
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). 
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.
Editor’s note: It is FFS whether the UE Mobility Command Acknowledge may contain the information about the unsuccessfully delivered PDCP PDUs.
Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.
8.2.1.2
Intra-gNB-DU inter-cell mobility (FFS)
3. The gNB-CU sends the UE Context Modification Request message to the gNB-DU, which contains Target Cell ID for handover (FFS).
4. The gNB-DU responds the gNB-CU with an UE Context Modification Response after resource preparation in target cell is finished, which contains MobilityControlInfo (FFS)
Editor’s note: It is FFS whether to capture the following signalling flow..
8.2.2
EN-DC Mobility
8.2.2.1
Inter-gNB-DU Mobility using MCG SRB
Editor’s note: It is FFS whether the gNB-DU indicates the gNB-CU that UE has successfully attached.


In this contribution, we will address these FFSs in details. 

2 Discussion 
2.1 Target Cell ID and MobilityControlInfo

During the mobility procedure, with the target cell information, the target gNB-DU can perform the admission control for the UE. Thus, it is necessary to include the Target Cell ID in the UE Context Setup Request message. On the other hand, the information in MobilityControlInfo is mainly related to the gNB-DU resource configuration. Hence, the MobilityControlInfo can be fed back to gNB-CU in UE Context Setup Response message. Such IE is a container including RRC IEs related to gNB-DU resource configuration. Since the gNB-DU may provide such gNB-DU resource configuration for non-mobility case, e.g., add/modify DRB, it is better to change Mobility Control Info to a general one, e.g., DU Resource Configuration as in [1]. 
Proposal 1: the UE Context Setup Request message can include the Target Cell ID, and the UE Context Setup Response message can include MobilityControlInfo by renaming it as DU Resource Configuration.

2.2 UE Mobility Command procedure 

The intention to add indication of intra-CU or inter-CU handover is [2]:

· The user plane and control plane of gNB-CU is highly likely to be in different broads or in different processors. For inter-gNB-CU handover, the information about the unsuccessfully transmitted PDCP PDU is sent to the target gNB-CU via Xn-C interface (SN Status Transfer message).  If F1-U is used to send information of unsuccessfully transmitted PDCP PDUs, the user plane of gNB-CU has to extract it and then send it to the control plane, and then the source gNB-CU forwards it to the target via Xn-C. This procedure is inefficient considering the gNB-CU internal structure.
In general, such intention is reasonable. So, indicating intra-CU or inter-CU mobility can help the gNB-DU to select the F1-U or F1-C method to deliver information on the unsuccessfully transmitted PDCP PDU. 
However, since such feature has close relationship with the gNB-CU structure, we need take more considerations on it from the perspective of gNB-CU structure rather than simply based on mobility type. For the gNB-CU structure, the possible structures can be:
· Case 1: gNB-CU without CP-UP split, but the user plane and the control plane in different boards or processors. Such case is the original scenario to introduce mobility type indication. So, we will not discuss it below.

· Case 2: gNB-CU without CP-UP split, both the user plane and the control plane in the same board or processor. Although Case 1 has high possibility to be deployed in the future, we cannot preclude Case 2 in future.
To be a future-proof solution, we also need to consider the potential gNB-CU with CP-UP split. This is related to the study item on “the separation of CP and UP for split option 2 of NR” [3], and the following scenarios can be considered, where the interface between CU-CP and CU-UP can be either standardized or non-standardized:
· Case 3: CU-CP and CU-UP centralized 
· Case 4: CU-CP distributed and CU-UP centralized

· Case 5: CU-CP centralized and CU-UP distributed

For Case 2, regardless of the mobility type (intra-CU or inter-CU), the F1-U can be used to deliver the information of the unsuccessful transmitted PDCP PDUs. 

Observation 1: for the case of gNB-CU without CP-UP split and both the user plane and the control plane in the same board or processor, it is unnecessary to indicate the mobility type (i.e., intra-CU or inter-CU). 
For Case 3, as shown in Fig. 1, it is similar to the case where no CP-UP separation of gNB-CU.
Observation 2: for the case 3 of CU-CP and CU-UP centralized, it is beneficial to indicate the mobility type (i.e., intra-CU or inter-CU), and to use the F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for inter-CU mobility.
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Fig. 1 Mobility for Case 3
For Case 4, as shown in Fig. 2, gNB-CU consists of gNB-CU-CP1, gNB-CU-CP2, and gNB-CU-UP. The gNB-CU-CP1 and gNB-CU-CP2 are, respectively, collocated with source gNB-DU and target gNB-DU. The comparison between F1-U method and F1-C method is given in the following table. 
	
	Number of signallings conveying info. of unsuccessful transmitted PDCP PDUs

	
	F1-U method 
	F1-C method

	Intra-gNB-CU mobility
	1 signalling (source gNB-DU ( gNB-CU-UP)
	2 signallings (source gNB-DU ( gNB-CU-CP1; gNB-CU-CP1 ( gNB-CU-UP)

	Inter-gNB-CU mobility
	2 signallings (source gNB-DU ( gNB-CU-UP; gNB-CU-UP ( gNB-CU-CP1)
	1 signalling (source gNB-DU ( gNB-CU-CP1)
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Fig. 2 Mobility for Case 4
Observation 3: for case 4 of CU-CP distributed and CU-UP centralized, it is beneficial to indicate the mobility type (i.e., intra-CU or inter-CU), and to use the F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for inter-CU mobility.
For Case 5, as shown in Fig. 3, the gNB-CU consists of gNB-CU-UP1, gNB-CU-UP2, and gNB-CU-CP, and the gNB-CU-UP1 and gNB-CU-UP2 are collocated with source gNB-DU and target gNB-DU, respectively. The comparison between F1-U method and F1-C method is given in the following table.
	
	Number of signallings conveying info. of unsuccessful transmitted PDCP PDUs

	
	F1-U method 
	F1-C method

	Intra-gNB-CU mobility
	3 signalling (source gNB-DU ( gNB-CU-UP1; gNB-CU-UP1 ( gNB-CU-CP; gNB-CU-CP ( gNB-CU-UP2)
	2 signallings (source gNB-DU ( gNB-CU-CP; gNB-CU-CP ( gNB-CU-UP2)

	Inter-gNB-CU mobility
	2 signallings (source gNB-DU ( gNB-CU-UP1; gNB-CU-UP1 ( gNB-CU-CP)
	1 signalling (source gNB-DU ( gNB-CU-CP)


 Observation 4: for case 5 of CU-CP centralized and CU-UP distributed, it is beneficial to use F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for both inter-gNB-CU and intra-gNB-CU mobility. 
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Fig. 3 Mobility for Case 5
According to the above observations, differentiating intra-gNB-CU and inter-gNB-CU mobility cannot completely achieve the efficient signalling to convey the information of unsuccessfully transmitted PDCP PDUs. Since gNB-CU has the well knowledge of its structure and the mobility type (intra-gNB-CU or inter-gNB-CU mobility), it can indicate whether or not the information of the unsuccessfully transmitted PDCP PDUs should be reported via UE Mobility Command ACK message. Thus, we propose
Proposal 2: the UE Mobility Command message can include a report indication to indicate that the information of the unsuccessfully transmitted PDCP PDUs should be reported in the UE Mobility Command ACK message. 

Proposal 3: if the report indication is present, the UE Mobility Command ACK message can include the information of the unsuccessfully transmitted PDCP PDUs. 
2.3 Indication of successful attach

For the third FFS in inter-gNB-DU mobility, the indication that the UE has successfully attached represents that the UE finish the RACH procedure at the target gNB-DU. The benefit of such indication is that: the target gNB-DU can clearly know the successful access of the UE. After that, the gNB-CU can send downlink user data to the target gNB-DU. If no such indication is sent, in current handover procedure of TS38.401, the downlink user data is sent to the target gNB-DU after receiving Downlink Data Delivery Status, as shown in Fig. 4. In case that the UE access is failed, the user data sent to the target gNB-DU is useless. 

Following the similar consideration, the FFS for Inter-gNB-DU Mobility using MCG SRB in EN-DC mobility can be resolved via introducing the indication that the UE has successfully attached. 
Proposal 4: the target gNB-DU can indicate the gNB-CU that UE has successfully attached. After that, the downlink user data can be sent to the target gNB-DU.  
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Fig. 4 Delivery user data in TS38.401

2.4 Intra-gNB-DU inter-cell mobility
Since the gNB-DU can control multiple cells, the intra-gNB-DU inter-cell mobility is possible. Thus, to have a clear picture of such procedure, we think it is good to have such procedure. 
Proposal 5: the signaling flow of intra-gNB-DU inter-cell mobility can be captured. 

3 Conclusions
In this contribution, we discuss the mobility procedure to resolve the FFSs, and have the following observations:
Observation 1: for the case of gNB-CU without CP-UP split and both the user plane and the control plane in the same board or processor, it is unnecessary to indicate the mobility type (i.e., intra-CU or inter-CU). 
Observation 2: for the case 3 of CU-CP and CU-UP centralized, it is beneficial to indicate the mobility type (i.e., intra-CU or inter-CU), and to use the F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for inter-CU mobility.

Observation 3: for case 4 of CU-CP distributed and CU-UP centralized, it is beneficial to indicate the mobility type (i.e., intra-CU or inter-CU), and to use the F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for inter-CU mobility.
Observation 4: for case 5 of CU-CP centralized and CU-UP distributed, it is beneficial to use F1-C method to deliver information of unsuccessfully transmitted PDCP PDUs for both inter-gNB-CU and intra-gNB-CU mobility.
Then, we propose:

Proposal 1: the UE Context Setup Request message can include the Target Cell ID, and the UE Context Setup Response message can include MobilityControlInfo by renaming it as DU Resource Configuration.

Proposal 2: the UE Mobility Command message can include a report indication to indicate that the information of the unsuccessfully transmitted PDCP PDUs should be reported in the UE Mobility Command ACK message. 

Proposal 3: if the report indication is present, the UE Mobility Command ACK message can include the information of the unsuccessfully transmitted PDCP PDUs. 
Proposal 4: the target gNB-DU can indicate the gNB-CU that UE has successfully attached. After that, the downlink user data can be sent to the target gNB-DU.
Proposal 5: the signaling flow of intra-gNB-DU inter-cell mobility can be captured. 

The corresponding stage 2 TP for TS38.401 is provided below, and the stage 2 TP for TS38.470 and the stage 3 TP for TS38.473 are, respectively, given in [4] and [5]. 
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Text Proposal for TS38.401 
---------------------------- Start of TP ---------------------------
8.2
Intra-gNB-CU Mobility

Editor Note: This subclause shows overall procedures for inter-DU mobility.



8.2.1
Intra-NR Mobility
8.2.1.1
Inter-gNB-DU Mobility
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.
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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.
4.
The target gNB-DU responds the gNB-CU with an UE Context Setup Response message, which contains DU Resource Configuration at gNB-DU side . 
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. A reporting indication can be optionally included to request the source gNB-DU to report the information about the unsuccessfully delivered PDCP PDUs via UE Mobility Command Acknowledge. The source gNB-DU may send a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. 

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 information about the unsuccessfully delivered PDCP PDUs can be included when the report indication is present in Step 5.

8.
Random Access procedure is performed at the target gNB-DU. 
9.  After successfully finishing the random access procedure, the target gNB-DU can send UE Success Access Indication to gNB-CU. Then, 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.

10.
The UE responds the target gNB-DU with an RRCConnectionReconfigurationComplete message.
11.
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.
12.
The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
13.
The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
8.2.1.2
Intra-gNB-DU inter-cell mobility 

This procedure is used for the case that UE moves from one cell to another cell within the same gNB-DU during NR operation. Figure 8.2.1.2-1 shows the intra-gNB-DU inter-cell mobility procedure for intra-NR.
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Figure 8.2.1.2-1: Signaling flow for intra-gNB-DU inter-cell mobility
1. Data transmission is ongoing.
2. The gNB-CU makes a handover decision.

3. The gNB-CU sends the UE Context Modification Request message to the gNB-DU, which contains Target Cell ID for handover.
4. The gNB-DU responds the gNB-CU with an UE Context Modification Response after resource preparation in target cell is finished, which contains DU Resource Configuration at gNB-DU side. 
5. The gNB-CU sends a DL RRC message transfer which includes RRCConnectionReconfiguration to the gNB-DU.

6. The gNB-DU forwards the received RRCConnectionReconfiguration to the UE.
7. Random Access procedure is performed at the target cell of gNB-DU.
8. The UE responds the gNB-DU with an RRCConnectionReconfigurationComplete message.
9. The gNB-DU sends an Uplink RRC Transfer message to convey the received RRCConnectionReconfigurationComplete to the gNB-CU.
8.2.2
EN-DC Mobility
8.2.2.1
Inter-gNB-DU Mobility using MCG SRB
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU when only MCG SRB is available during EN-DC operation. Figure 8.2.2.1-1 shows the inter-gNB-DU mobility procedure using MCG SRB in EN-DC.
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Figure 8.2.2.1-1: Inter-gNB-DU Mobility using MCG SRB in EN-DC
1.
The UE sends a Measurement Report message to the MeNB.

2.
The MeNB sends an SgNB Modification Request.

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.
4.
The target gNB-DU responds the gNB-CU with an UE Context Setup Response message. 
5.
The gNB-CU responds the MeNB with an SgNB Modification Request Acknowledge message.

6.
The gNB-CU sends a UE Mobility Command message to the source gNB-DU indicating to stop the data transmission to the UE. 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.
7.
The source gNB-DU responds the gNB-CU with an UE Mobility Command Acknowledge message.
8.
The MeNB and the UE perform RRC Reconfiguration procedure.

9.
The MeNB sends an SgNB Reconfiguration Complete message to the gNB-CU. 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. 
10.
Random Access procedure is performed at the target gNB-DU. 
11. After successfully finishing the random access procedure, the target gNB-DU can send UE Success Access Indication to gNB-CU. Then, 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

12.
The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
13.
The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
8.2.2.2
Inter-gNB-DU Mobility using SCG SRB
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU when SCG SRB is available during EN-DC operation. The procedure is the same as inter-gNB-DU Mobility for intra-NR as defined in Section 8.2.1.1.


---------------------------- End of TP ---------------------------
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