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1. Introduction
In NR it is possible for the source gNB to prepare a (set of) target cells belonging to a target gNB, up front by sending the HandoverPreparationInformation message (source -> target). At RAN2#104 meeting, it was pointed out (see [1]) that in case of multiple PLMNs, there is an ambiguity in identifying the target cell uniquely using the current information included in the HandoverPreparationInformation. During the online and offline discussion, it was not possible to reach an agreement on a solution for the above issue. In this contribution we elaborate the issue further and propose a solution.  
2. Discussion 
The HandoverPreparationInformation is sent from the source gNB to the target gNB and it has the following information: 
HandoverPreparationInformation
· as-Context
· reestablishmentInfo
· additionalReestabInfoList {1: maxCellPrep of}
· cellIdentity                           
· key-gNodeB-Star                  
· shortMAC-I      
It can be seen from the above structure that one or more cells belonging to the target gNB may be prepared in advance for possible handover/reestablishment and these cells are identified in the HandoverPreparationInformation using the cellIdentity. It should further be noted that the security material (i.e. the key-gNodeB-Star and shortMAC-I) is bound to the cell which is being prepared and is hence not valid for any other cell in the gNB. Given the above, the target gNB, has to be able to uniquely identify the cell to which the security material belongs to. In case of single PLMN, the cell ID space is unique across the cells and hence the target gNB can identify the cell which is being prepared simply by using the cellIdentity included in the above message (see Figure 1). 

[image: ]
[bookmark: _Ref532568]Figure 1: Identifying the target cell based on the cell ID in HO preparation message (single PLMN case)
Based on the above, the following observation is made: 

Observation 1: To apply the received security material to the correct cell, the target gNB needs to be able to uniquely identify the cell that is being prepared for HO and in case of single PLMN, this can be achieved using the cellIdentity field included in the HandoverPreparationInformation

In case of multiple PLMNs sharing the RAN node, the cell ID space is not unique anymore across the PLMNs. Not only this, in an uncoordinated deployment scenario, the order of the PLMNs broadcast in a given cell may not be the same across the cells in a given gNB. 

As an example, the Figure 2 shows a scenario, where 3 different PLMNs share the RAN node and the order of the PLMNs broadcast in SIB1 is different in each cell (note that it is also possible that not all PLMNs are available in all cells of the gNB – but this case is not depicted as it results in similar ambiguity anyway). As can be seen from Figure 2, if cell ID = 1 is included in the HO preparation message, then the target gNB cannot uniquely identify whether to apply the associated security material to cell 1 or cell 2 (as cell ID = 1 exists in both these cells). 
[image: ]
[bookmark: _Ref523086]Figure 2: Ambiguity in identifying target cell (PLMNs ordered differently in different cells)
During the discussion at RAN2#104, it was suggested that this could be solved by implementation if the order of the PLMNs is the same in all the cells within the gNB. Firstly, this results in an additional requirement in cell planning (i.e. coordination across PLMNs). Secondly, this requires that all PLMNs are present in all cells of a gNB and finally, such a restriction alone doesn’t solve the problem either (as depicted in Figure 3 below since the ambiguity still exists even in this case). 
[image: ]
[bookmark: _Ref523468]Figure 3: Ambiguity in identifying target cell (PLMNs ordered in the same way in all cells)
Observation 2: In case of multiple PLMNs the target gNB cannot uniquely identify the target cell based on cell ID included in the HO preparation message. 
A similar ambiguity existed in case of calculation of the MAC-I and in this case the solution agreed was to associate the MAC-I always with the first PLMN in SIB1. In the case of HO preparation, such a solution would mean that the cell ID included by the source gNB would need to be associated with the cell ID of the first PLMN in the SIB1 of the target cell all the time. 
However, such a solution on its own is still insufficient for this problem. As an example, if we take the deployment in Figure 2, then the first PLMN uses cell ID 1 in both cell 1 and cell 2. So, the ambiguity still exists. However, if we look at the scenario in Figure 3 (where the PLMNs are ordered the same way – or at least the first PLMN across the cells is the same within a given gNB), then it is possible that the cell could be uniquely identified within the target gNB because now the same PLMN appears as the first PLMN in all cells within a given gNB. However, as of now, there is no restriction that the order of the PLMNs across the cells within a gNB should be the same (specifically, there is no restriction that the first PLMN across cells in a given gNB should be the same). So, if we want to solve the problem using this approach, the following needs to be agreed. 
Solution 1:
· The first PLMN of all cells belonging to a given gNB shall be the same and
· The cell ID included in the HandoverPreparationInformation is the cell ID associated with the first PLMN included in the SIB1 of the target cell

One disadvantage with the above solution is that this implies certain deployment restriction within the RAN (the first bullet point). Further, there is also a requirement that at least one PLMN should be available across all cells within a given gNB. 

Another solution for this problem (as already highlighted in [1]) is to have a restriction that the cell ID included in the HandoverPreparationInformation is associated with the cell ID of the PLMN of the target cell for handover. It should be noted that the PLMN of the target cell is included in the HO Request message (see Annex). This solution will solve the issue without requiring any restrictions on deployment. 

Solution 2:
· The cell ID included in the HandoverPreparationInformation is the cell ID associated with the PLMN of the target cell for HO

Note that yet another solution is to include the PLMN ID associated with each of the cell ID in the message (as already pointed out in [1]). Such a solution would allow full flexibility in preparing the target cell and may be useful to support HO preparation where an equivalent PLMN exists in the target cell of the target gNB. This however would need changes to ASN.1 of the internode message. 

Solution 3: 
· The PLMN ID associated with each of the cell ID included in the HandoverPreparationInformation is explicitly signaled in the message
 
Given that solution 2 solves the problem without any deployment related restrictions and no ASN.1 changes, we propose to adopt this solution. 

Proposal: The cell ID included in the HandoverPreparationInformation is the cell ID associated with the PLMN of the target cell for HO
3. Conclusions and proposals
This contribution discusses the problem with identifying the target cell for HO preparation. The following observations are made: 

Observation 1: To apply the received security material to the correct cell, the target gNB needs to be able to uniquely identify the cell that is being prepared for HO and in case of single PLMN, this can be achieved using the cellIdentity field included in the HandoverPreparationInformation

Observation 2: In case of multiple PLMNs the target gNB cannot uniquely identify the target cell based on cell ID included in the HO preparation message. 

Based on the above, the following possible solutions have been identified: 
Solution 1:
· The first PLMN of all cells belonging to a given gNB shall be the same and
· The cell ID included in the HandoverPreparationInformation is the cell ID associated with the first PLMN included in the SIB1 of the target cell
Solution 2:
· The cell ID included in the HandoverPreparationInformation is the cell ID associated with the PLMN of the target cell for HO
[bookmark: _GoBack]Solution 3: 
· The PLMN ID associated with the cell ID included in the HandoverPreparationInformation is explicitly signaled in the message

Given that solution 2 solves the problem without any deployment related restrictions and no ASN.1 changes, we propose to adopt this solution. 

Proposal:  The cell ID included in the HandoverPreparationInformation is the cell ID associated with the PLMN of the target cell for HO (CR in [2])
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Annex (related definitions in 38.423)
--------------------------------------------------------- From 38.423 ----------------------------------------------------------
[bookmark: _Toc525566897]9.1.1.1	HANDOVER REQUEST
This message is sent by the source NG-RAN node to the target NG-RAN node to request the preparation of resources for a handover.
Direction: source NG-RAN node  target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	reject

	Target Cell Global ID
	M
	
	9.2.3.25
	Includes either an E-UTRA CGI or an NR CGI
	YES
	reject

	/*omitted*/



[bookmark: _Toc525566988]9.2.2.7	NR CGI
This IE is used to globally identify an NR cell (see TS 38.300 [9]).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.2.2.1).


/*omitted*/
[bookmark: _Toc525567039]9.2.3.25	Target Cell Global ID
This IE contains either an NR CGI or an E-UTRA CGI.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Target Cell
	M
	
	
	

	>NR
	
	
	
	

	>>NR CGI
	M
	
	9.2.2.7
	

	>E-UTRA
	
	
	
	

	>>E-UTRA CGI
	M
	
	9.2.2.8
	



-------------------------------------------------------------- From 38.423 ----------------------------------------------------------
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