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Introduction
When a MBSR changes Donor gNB, it s NR CGI changes:

9.3.1.7
NR CGI

This IE is used to globally identify an NR cell (see TS 38.300 [8]).

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.3.3.5
	

	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 9.3.1.6).


For this reason, there is an issue with the paging optimizations, in that when full migration is performed, the MBSR needs to change the NCGI to align with the target donor. 

At T1, when MBSR is connected with donor1, MBSR uses a NR CGI #X related to donor1’s gNB ID, the UE1 on board the vehicle where the MBSR is located, then transitions to RRC IDLE. The donor provides the paging assistance information to the AMF when releasing the UE context for the UE.

At T2, MBSR is full migrated to donor2. UE1 moves with MBSR. MBSR IAB-DU stop to use NR CGI#X then uses a new NR CGI #Y related to IAB-donor2’s gNB ID. See Figure 1.
At T3, A DL data need to be sent to UE1. AMF initiates Network Triggered Service Request. The issue is the paging assistance information at the AMF is no longer accurate and actually cause a misleading paging optimization.
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Figure 1: impact of full migration on MBSR Cell ID

The paging optimizations specified in 23.502 in the Network triggered Service Request reads: 

“The AMF and the (R)AN may support further paging optimisations in order to reduce the signalling load and the network resources used to successfully page a UE by one or several of the following means:

-
by the AMF implementing specific paging strategies (e.g. the N2 Paging message is sent to the (R)AN nodes that served the UE last);

-
by the AMF considering Information On Recommended Cells And NG-RAN nodes provided by the (R)AN at transition to CM-IDLE state. The AMF takes the (R)AN nodes related part of this information into account to determine the (R)AN nodes to be paged and provides the information on recommended cells within the N2 Paging message to each of these (R)AN nodes;

-
by the (R)AN considering the Paging Attempt Count Information provided by the AMF at paging.”
The NGAP UE CONTEXT RELEASE COMPLETE message includes Information on Recommended Cells and RAN Nodes for Paging IE.

9.3.1.100
Information on Recommended Cells and RAN Nodes for Paging
This IE provides information on recommended cells and NG-RAN nodes for paging.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cells for Paging
	M
	
	9.3.1.71
	

	Recommended RAN Nodes for Paging
	M
	
	9.3.1.101
	


9.3.1.101
Recommended RAN Nodes for Paging
This IE contains recommended NG-RAN nodes for paging.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended RAN Node List
	
	1
	
	

	>Recommended RAN Node Item
	
	1..<maxnoofRecommendedRANNodes>
	
	Includes visited and non-visited NG-RAN nodes, where visited NG-RAN nodes are listed in the order the UE visited them with the most recent NG-RAN node being the first in the list. Non-visited NG-RAN nodes are included after the visited NG-RAN node they are associated with.

	>>CHOICE AMF Paging Target
	
	
	
	The AMF paging target is either an NG-RAN node identity or a TAI as specified in TS 38.300 [8].

	>>>RAN Node
	
	
	
	

	>>>>Global RAN Node ID
	M
	
	9.3.1.5
	

	>>>TAI
	
	
	
	

	>>>>TAI
	M
	
	9.3.3.11
	


The NGAP PAGING message includes Assistance Data for Paging IE, which further includes Recommended Cells for Paging IE. 

9.3.1.71
Recommended Cells for Paging
This IE contains the recommended cells for paging.
This IE is transparent to the 5GC.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cell List
	
	1
	
	

	>Recommended Cell Item
	
	1..<maxnoofRecommendedCells>
	
	Includes visited and non-visited cells, where visited cells are listed in the order the UE visited them with the most recent cell being the first in the list. Non-visited cells are included immediately after the visited cell they are associated with.

	>>NG-RAN CGI
	M
	
	9.3.1.73
	

	>>Time Stayed in Cell 
	O
	
	INTEGER (0..4095)
	This is included for visited cells and indicates the time a UE stayed in a cell in seconds. If the UE stays in a cell more than 4095 seconds, this IE is set to 4095. 


	Range bound
	Explanation

	maxnoofRecommendedCells
	Maximum no. of recommended Cells. Value is 16.


It is clear then that the Paging optimsation does not work in mobile IAB network. In above example (Figure 1), as at T1, when UE1 transition to RRC IDLE, IAB-donor1 sends a UE CONTEXT RELEASE COMPLETE message including the Recommended Cell NR CGI#X, and Recommended RAN node ID for IAB-donor1(i.e. the last visited NG-RAN node is IAB-donor1).  The AMF saves the received information in UE context. At T3, when AMF need to page UE1, AMF check the stored UE context for UE1

· Based on the recommended RAN nodes is IAB-donor1’s gNB ID, AMF send a PAGING message to IAB-donor1.

· Based on the recommended cell is NR CGI#X, the PAGING message includes NG CGI#X

There are following issues:

· Issue #1: the PAGING message should not be sent to IAB-donor1, since UE moves with IAB and IAB is now connected with IAB-donor2.  The PAGING message should be sent to IAB-donor2. 
· Issue #2: Upon IAB-donor1 receive the PAGING message, it cannot send it to IAB-DU to perform the paging, since IAB-DU is migrated to IAB-donor2, and NR CGI#X is deactivated after IAB migrated to IAB-donor2.    Even IAB-donor1 send Paging to all cells, the Paging will fail, since UE already left.

Proposed solution
It is proposed that:
· The MBSR requests, after the full migration, the IAB-donor to update the recommended NG-RAN node/cell information for IDLE UE(s) (Step 6 in Figure 2). This includes the MBSR’s old NR CGI (i.e. the NR CGI #X), old IAB-donor ID (i.e. IAB-donor1’s gNB ID), new NR CGI (i.e. the NR CGI #Y used by MBSR for F1 setup with IAB-donor2), new IAB-donor ID (i.e. IAB-donor2’s gNB ID).  This is not UE-specific, since the MBSR does not have the context for IDLE UE. 
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Figure 2 : proposal message flow
· The IAB-donor initiates a Request procedure to all AMFs keeping the context for the IDLE UE. (Step 7 in Figure 2), which includes the IAB’s old NR CGI (i.e. #X), old IAB-donor ID (i.e. IAB-donor1’s gNB ID), new NR CGI (i.e. #Y), new IAB-donor ID (i.e. IAB-donor2’s gNB ID). The IAB-donor initiates the same procedure towards all connected AMFs unless the NG-RAN keeps the context of all the AMFs of the UEs served by the MBSR even after they are idle. Upon the reception of the Request from IAB Donor 2, the AMF updates the context for the UE (Step 8 in Figure 2).

· If a UE’s context includes a recommended NG-RAN cell set to NR CGI #X the AMF updates the NR CGI #X with the new NR CGI#Y for the UE context. The AMF also updates the recommended NG-RAN node information with the new IAB-donor2’s gNB ID. As a result the AMFs tha have been contacted for the UE1 
· Recommended NG-RAN node is IAB-donor2. 
· Recommended cell is NR CGI#Y.

· When there is a need to Page UE, normal paging optimisation is reused. Based on the UE context (i.e. Recommended NG-RAN node and Recommended cell), AMF send a PAGING message to IAB-donor2 including the recommended cell NR CGI#Y. Paging will reach UE.
Conclusion

We propose that the above support of the MBSR paging optimization is introduced. The CRs in S2-2304664 and S2-2304677 are proposed for approval
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