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Abstract: Different mobility scenarios are sorted out and corresponding open issues are discussed for WT#1. 
1. Introduction
The WT#1 of FS_VMR proposes to study efficient mobility and service continuity for UE or a group of UEs to efficiently deliver data during different mobility scenarios (including mobility of the mobile base station relays). 
This contribution proposes to discuss the following mobility scenarios derived from the SA1 FS_VMR study, captured in TR 22.839:
1) Scenario#1: Mobility between macro base station and mobile base station relay
2) Scenario#2: Mobility between mobile base station relays
3) Scenario#3: Mobility within the same macro base station
4) Scenario#4: Mobility between macro base stations 
For the above scenarios, some open issues that need coordination work with RAN WGs are provided in the following part. The roaming of mobile base station relay is also discussed in this paper.  
2. Discussion
Based on the descriptions of TR 22.839 specified from SA1, the target scenarios include moving vehicles equipped with small on board base station (BS) relays providing 5G coverage and communication to UEs (inside the vehicle and/or in its vicinity), and connected wirelessly to the 5G network via RAN (donor) nodes.
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Figure 2-1: Mobile base station relay defined in TR 22.839
Considering SA2 FS_VMR focuses on the IAB only, the base station mounted on vehicles as depicted in Figure 2-1 can be treated as a mobile IAB node. The macro base station connecting with the mobile base station relay can be treated as an IAB-donor.
2.1 Mobility Scenarios
2.1.1 Descriptions
The different mobility scenarios are listed in the Figure 2.1.1-1, mainly focusing on the users/UEs entering the vehicle or the users/UEs inside the vehicle. 
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A) Scenario#1: Mobility between macro base station and mobile base station relay      B) Scenario#2: Mobility between mobile base station relays
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  C) Scenario#3: Mobility within the same macro base station              D) Scenario#4: Mobility between macro base stations
Figure 2.1.1-1: Scenarios for UEs entering or inside the vehicle
a) Scenario#1: When users/UEs enter or leave vehicle equipped with mobile base station relay (i.e. mobile IAB), handover between macro base station (i.e. IAB-donor) and mobile base station relay can happen, if an active connection is ongoing. 
b) Scenario#2: Some big size vehicles, e.g. high-speed train, can require multiple mobile base station relays to provide coverage to users/UEs located in different parts of the vehicle. In such case, if active users/UEs move around the vehicle their connection can switch between different mobile base station relays.
c) Scenario#3: When the users/UEs inside the vehicle are connecting with a mobile base station relay, the mobile base station relay within the vehicle is moving around within a limited geographical area while keeping connecting with the same macro base station. 
d) Scenario#4: When the users/UEs inside the vehicle are connecting with a mobile base station relay, the mobile base station relay along with the vehicle is moving around over a long distance. It is possible for the mobile base station relay to be handed over to a different macro node if the vehicle keeps moving. 
2.1.2 Open Issues 
Table 2.1.2-1 Open issue list
	Scenarios
	Analysis 
	Open issues

	
	
	Per UE mobility 
	Group UE mobility

	Scenario#1
	The UE moves from donor-DU to another DU provided by the mobile base station relay within the same donor-CU.
See inter-gNB-DU mobility procedure for intra-NR as defined in TS 38.401[1]. 
No additional enhancement work is required. 
	None 
	None

	Scenario#2
	The UE moves from one DU of the mobile base station relay-1 to another DU of the mobile base station relay-2 within the same donor-CU. 
See inter-gNB-DU mobility procedure for intra-NR as defined in TS 38.401[1]. 
No additional enhancement work is required
	None
	None

	Scenario#3
	The cell served by the mobile base station relay is keeping moving. The UE inside the vehicle keeps the connection with the same physical DU of the mobile base station relay within the same donor-CU. 
It is RAN’s responsibility to study whether cell information changes due to e.g., interference, resource collisions and neighbour relations. For example, if UE detects the cell served by the mobile base station relay is changing during mobility, handover is needed. If the TAC of the cell served by the mobile base station relay changes during mobility, the UE shall initiate Mobility Registration Update if the UE detects it is changing to a new TA out of the RA.
Therefore, coordination between the RAN study NR_mobile_IAB (RP-213601[2]) and SA2 study FS_VMR is needed. 
NOTE 1:	During mobility, whether the cell information in the System Information Broadcast (e.g. Cell ID, TAC) changes or not has RAN dependency.
NOTE 2:	During mobility, whether the connected UE needs to perform the legacy handover procedures or not has RAN dependency.
	Whether and how to reduce the frequent Mobility Registration Update initiated by UE, when UE detects it is changing to a new TA out of the RA?
	If the handover is needed due to cell changes, whether and how to efficiently manage mobility for group UEs, such as handover procedure?

	Scenario#4
	The cell served by the mobile base station relay is keeping moving. The UE inside the vehicle keeps the connection with the same physical DU of the mobile base station relay that changes the donor-CU.
It is RAN’s responsibility to study whether cell information changes due to e.g., interference, resource collisions and neighbour relations. For example, if UE detects the cell served by the mobile base station relay is changing during mobility, handover is needed. If the TAC of the cell served by the mobile base station relay changes during mobility, the UE shall initiate Mobility Registration Update if the UE detects it is changing to a new TA out of the RA.
Therefore, coordination between the RAN study NR_mobile_IAB (RP-213601[2]) and SA2 study FS_VMR is needed. 
NOTE 3:	During mobility, whether the cell information in the System Information Broadcast (e.g. Cell ID, TAC) changes or not has RAN dependency.
NOTE 4:	During mobility, whether the connected UE needs to perform the legacy handover procedures or not has RAN dependency.
	Whether and how to reduce the frequent Mobility Registration Update initiated by UE, when the UE detects it is changing to a new TA out of the RA?
[bookmark: _GoBack]
	If the handover is needed due to cell changes, whether and how to efficiently manage mobility for group UEs, such as handover procedure?



In addition, when UE is normally connecting to macro base station and the vehicle is moving to an area in the vicinity of the UE, the surrounding UEs (i.e. outside the vehicle) may be affected by the moving cell served by the mobile base station relay, such as detecting a new cell activated by the macro station. See Figure 2.1.1-2.
[image: ]
Figure 2.1.1-2: Scenarios for surrounding UEs
For example, the surrounding UE is assumed firstly registers with the network over macro base station and AMF allocates a Registration Area to the UE. 
The potential impacts regarding the surrounding UEs are listed in the following:
1) The mobile base station relay is assumed to be configured with a TAC by the OAM. When the mobile base station relay is moving to an area in the vicinity of the UE and the surrounding UE detects a new cell which is broadcasting a new TAC, then the UE detects it is changing to a new TA out of the RA and initiates Mobility Registration Update. The AMF allocates a new Registration Area which includes the new TAI where the UE is currently located.
2) After 1), the mobile base station relay continues moving over a long distance. The surrounding UE cannot detect the cell information of mobile base station relay anymore and camps on the cell of macro base station which is broadcasting a different TAC. Then the UE have to initiate Mobility Registration Update again.
As can be seen from the above analysis, the open issues regarding whether cell information broadcasted by the mobile base station relay changes and whether UE performs legacy handover are very critical and the baseline for potential solutions in SA2. On the one hand, both the behaviours of UEs inside the vehicle and surrounding UEs may be affected by the mobile cell. On the other hand, the core network needs to manage the mobility for UEs accordingly, such as UE location update, Registration Area allocation, Paging. 
Therefore, the answers to the open issues require careful consideration and coordination work with RAN study, which will affect the discussion direction in SA2.
Observation 1: The WT#1 shall target on Scenario#3 and Scenario#4. The open issues regarding whether cell information (e.g. Cell ID, TAC) broadcast by the mobile base station relay changes and whether UE performs legacy handover are very critical and the baseline for potential solutions in SA2. The answers to the open issues require careful consideration and coordination work with RAN study, which will affect the discussion direction in SA2.
2.2 Roaming
[image: ]
Figure 2.2-1: Roaming of mobile base station relay
When a mobile base station relay from Operator A is roaming to the network from Operator B, the MT as the roaming UE connects with the RAN node in the VPLMN and the DU of mobile base station relay needs to re-setup the F1 interface between the DU of mobile base station relay and the donor-CU in the VPLMN. 
The open issues regarding roaming are listed in the following:
1) Which PLMN’s OAM will configure mobile base station relay in roaming? 
· It is RAN’s responsibility to study the configuration issue including radio resources (e.g. spectrum) and cell information.
2) Which PLMN identity is broadcasted by mobile base station relay in roaming?
· For example, if the identity of VPLMN is broadcasted, the UEs connecting with the mobile base station relay will perform PLMN selection procedures and initiate the registration with the VPLMN. If the UE is not allowed to be registered with the VPLMN, due to e.g. subscription data, the user experience will be impacted.
Therefore, for the roaming of mobile base station relay, the cell information is also very critical and the baseline for potential solutions in SA2. The PLMN identity broadcasted by mobile base station relay will influence the UE behaviour on PLMN selection. The coordination between the RAN and SA2 for this roaming scenario is also needed. 
3. Conclusion and proposal
Observation: The WT#1 shall target on Scenario#3 and Scenario#4. The open issues regarding whether cell information (e.g. Cell ID, TAC) broadcasted by the mobile base station relay changes and whether UE performs legacy handover are very critical and the baseline for potential solutions in SA2. The answers to the open issues require careful consideration and coordination work with RAN study, which will affect the discussion direction in SA2. 
Proposal: It is proposed to focus on Scenario#3 and Scenario#4 for mobility and service continuity, and properly define the study scope for WT#1, by considering the open issues. The new key issue for efficient mobility and service continuity is proposed in the S2-2200592.
4. References
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