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Introduction
The discussion of possible impacts of alternative approaches for Inter-donor migration has started at RAN4#100-e. RAN4 has prepared a reply LS [1] to RAN3 LS [2] with CC to RAN2 and RAN1. In the reply LS, RAN4 has provided observation and responses to the following to alternatives:
- Alt1: the two logical DUs use separate physical cell resources
- Alt2: the two logical DUs use the same physical cell resources
However, several questions were raised by RAN4 and are include in the reply LS.
[bookmark: _Hlk85840817]RAN1 has provided the feedback on the implementation alternatives in their reply LS [3]. In the reply LS, RAN4 is requested to provide feedback on whether RLM and RRM will be impacted for legacy UEs in Alt2.
In this paper, we analyze the question from the RAN1 LS and draft the reply LS.

Discussion
Background
Following the original RAN3 LS [R3-212981]:
In Full Migration, the boundary IAB-node and the descendant IAB node(s) (if any) are migrated (both RRC and F1 connection) to the 2nd IAB-donor-CU from 1st IAB-donor-CU.




During the Full Migration, the UE connected to the boundary IAB-node will hand over from a cell of one logical DU controlled by CU1 to a cell of another logical DU controlled by CU2. The two cells reside on the same physical IAB-node but on different logical DUs (e.g., DU1 and DU2), which each have a separate F1 connection to CU1 and CU2, respectively (Figure 1).
For Alt2, the serving cell (e.g., cell1) of DU1 controlled by CU1 must broadcast NCGI related to CU1, while the serving cell (e.g., cell2) of DU2 controlled by CU2 must broadcast NCGI related to CU2. Since the air interface resources are shared between the 2 DUs/cells, only the signals from one cell (either cell1 using NCGI related to CU1, or cell2 using NCGI related to CU2) are active over the air interface at a time. It is therefore unclear about the impact to the UEs during the migration. For example, in case both cell1 and cell2 use same PCI, the UEs may observe the change of the NCGI during the migration. In case cell1 and cell2 use different PCI, it is further unclear how to perform the signal switch from cell1 using PCI/NCGI related to CU1 to cell2 using PCI/NCGI related to CU2, again, without major impact to the UEs that are handover from cell1 to cell2.

Following the LS Reply from RAN1 [R4-2117010 (R1-2108529)]:
For Alt2, RAN1 understands that only the cell from one of the two logical DUs is active at one time using the same physical cell resources. RAN1 has not reached consensus on how the two logical DUs share the same physical cell resources.
Understanding 1: The two DUs can be switched ON and OFF in a dynamic manner. This means that a UE may stay in CONNECTED mode during the migration but it cannot identify both of cells at one time. 
Understanding 2: The two DUs can be switched between ON and OFF only once. 
When two cells use the same PCI, this may not necessarily require all the UEs to switch to another cell at one time if RAN2 can confirm that the current specification enables a RRC CONNECTED UE remains connected, while observing the change of NCGI, and no change to the PCI. 
When two cells use the different PCIs, this will require all the UEs to perform HO to another cell at one time, which pose a high load to RACH.
For Alt2
· RAN1 would like to ask RAN3 which of the above understandings is in line with the assumption made in RAN3. 
· RAN1 would like to ask RAN4 whether RLM and RRM will be impacted for legacy UEs.
It is RAN1's understanding that the feasibility of Alt2 is dependent on whether HO can be performed without negatively impacting legacy UEs, regardless if the same or different PCIs are used for the two DUs.

Analysis for RAN1 question
Based on the background information above, the following Options can be considered for Alt. 2:
1. DUs can be switched ON and OFF in a dynamic manner and PCIs are the same for cell 1 and 2.
2. DUs can be switched ON and OFF in a dynamic manner and PCIs are different for cell 1 and 2.
3. DUs can be switched between ON and OFF only once and PCIs are the same for cell 1 and 2
4. DUs can be switched between ON and OFF only once and PCIs are different for cell 1 and 2

There is a set of possible design options for Alt. 2 that are listed above.
Next, we analyse each of these options individually.
Option 1
For UE in connected state if PCI (and other PHY parameters) stay the same then the change of NCGI will not be visible to the UE until it reads SIB1 again. Update of SIB1 happens rarely, once in three hours. The UE full migration should be transparent to the UE.
Thus, we do not see a need for dynamic switching between cell1 and cell2, e.g., in TDD manner.
We do not see a need to consider Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner and PCIs of the cells are the same (Option1).

Option 2
If the dynamic switching between cell 1 and 2 is allowed and PCIs of the cells are different. Then, UE will be able to identify that cell 1 and cell 2 are different.
However, if the SSB configuration for each cell is left the same it cannot be considered as a normal operation mode for the UE. Therefore, such design can result in UE non-defined behaviour.
In general, alternating cells allows UE to keep connection to the old cell. Therefore, cell 1 SSB configuration shall not change, but for the new cell (cell 1) it should be different. Time multiplexing is one option to guarantee that old SSBs are the same and new cell SSBs are orthogonal to them. We can expect that the UE will be able to detect the new cell, and a normal HO procedure can be used to transfer UEs from cell 1 to cell 2.
The downside of this option is that radio resources shall be split between cell 1 and cell 2, and additional SSB transmissions shall be configured. Hence, the spectrum efficiency will decrease.
If SSBs are configured in the same way for cell 1 and 2 when they are switching ON and OFF dynamically and have different PCIs, an un-defined behaviour can be expected on UE side.
The spectrum efficiency of Option 2 design is not the most optimal.
No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner, conditioned that PCIs of the cells 1 and 2 are different, SSB configuration of the cells 1 is left without changes and SSB configuration of cell 2 is orthogonal to it (Option 2).

Option 3
If the switch between cell 1 and cell 2 happens only once, and the PCIs of those cells (and other PHY parameters) are the same then, as in Option 1, this operation should be transparent for UE. However, as far NCGIs of each of the cells are different, it will be needed to reset at least the security when the connection is rerouted to the new CU. This can be done with RRC reconfiguration, i.e., using HO procedure.
We do not expect any RAN4 impact in this option when the UE is connected state, unless the UE is in the middle of NCGI acquisition when the cell is changes. However, avoidance of such issue is up to RAN2 to study. 
No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are the same (Option 3), conditioned that the collision of NCGI change and acquisition can be resolved.

Option 4
In this Option, the switch between cell 1 and 2 happens only once and PCIs of the cells are different, therefore the UE can distinguish those cells. The switch of UE from cell 1 to cell can be done with HO procedure triggered from cell 1. 
However, the instantaneous switch from cell 1 to cell 2 can cause the following issues:
· As far as the cell 2 was not transmitting before the switch, it cannot be assumed to be known by the UE (see known cell definition in TS 38.133, Section 6.1). Hence, more time is needed for the UEs to detect the new cell 2 and fulfill the HO.
· As it also mentioned in the RAN1 response LS, triggering of a large number of HOs simultaneously for all UEs might cause a lack of PRACH resources, especially if the target cell cannot allocate contention-free resources because it is not known to the UE.
There is a potential impact on RRM in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are different (Option 4).
It is necessary to verify whether the interruption uncertainty in acquiring the first available PRACH occasion in the new cell is sufficient to accommodate a large number of simulation RA attempts.


Conclusion
In this paper, we analyze and provide replies to the question from the RAN1 reply LS on RLM and RRM impacted for legacy UEs in full migration Alt2.
The following observations and proposals are made:

1. DUs can be switched ON and OFF in a dynamic manner and PCIs are the same for cell 1 and 2.
2. DUs can be switched ON and OFF in a dynamic manner and PCIs are different for cell 1 and 2.
3. DUs can be switched between ON and OFF only once and PCIs are the same for cell 1 and 2
4. DUs can be switched between ON and OFF only once and PCIs are different for cell 1 and 2
1. There is a set of possible design options for Alt. 2 that are listed above.
1. We do not see a need to consider Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner and PCIs of the cells are the same (Option1).
If SSBs are configured in the same way for cell 1 and 2 when they are switching ON and OFF dynamically and have different PCIs, an un-defined behaviour can be expected on UE side.
The spectrum efficiency of Option 2 design is not the most optimal.
No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner, conditioned that PCIs of the cells 1 and 2 are different, SSB configuration of the cells 1 is left without changes and SSB configuration of cell 2 is orthogonal to it (Option 2).
No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are the same (Option 3), conditioned that the collision of NCGI change and acquisition can be resolved.
There is a potential impact on RRM in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are different (Option 4).
It is necessary to verify whether the interruption uncertainty in acquiring the first available PRACH occasion in the new cell is t sufficient to accommodate a large number of simulation RA attempts.
Based on the above proposals, draft of the LS response is provided in section 4 below


Draft of Reply LS to RAN1
Title:	LS response on Inter-donor migration
Response to:	R1-2106420 (R4-2117010)
Release:	Rel-17
Work Item:	NR_IAB_enh-Core

Source:	RAN1
To:	RAN1, RAN3
Cc:	

Contact Person:	
Name:	Dmitry Petrov
E-mail Address:	dmitry.a.petrov@nokia-bell-labs.com 

1. Overall Description:
RAN4 would like to thank RAN1 for their reply LS on Inter-donor migration. RAN4 would like to provide the observation and responses below to the RAN1 question
Whether RLM and RRM will be impacted for legacy UEs in Alt2?
The following Options can be considered for Alt. 2:
1. DUs can be switched ON and OFF in a dynamic manner and PCIs are the same for cell 1 and 2.
2. DUs can be switched ON and OFF in a dynamic manner and PCIs are different for cell 1 and 2.
3. DUs can be switched between ON and OFF only once and PCIs are the same for cell 1 and 2
4. DUs can be switched between ON and OFF only once and PCIs are different for cell 1 and 2
Option 1: RAN4 do not see a need to consider Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner and PCIs of the cells are the same.
Option 2: No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched ON and OFF in a dynamic manner, conditioned that PCIs of the cells 1 and 2 are different, SSB configuration of the cells 1 is left without changes and SSB configuration of cell 2 is orthogonal to cell1.
Option 3: No RLM and RRM impact is expected in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are the same, conditioned that the collision of NCGI change and acquisition can be resolved.
Option 4: There is a potential impact on RRM in Alt.2 full migration design where DUs can be switched between ON and OFF only once and the PCIs of the cells are different. It is necessary to verify whether the interruption uncertainty in acquiring the first available PRACH occasion in the new cell is sufficient to accommodate a large number of simulation RA attempts.

2. Actions:
To RAN1, RAN3
ACTION: 	RAN4 respectfully asks RAN1 and RAN3 to take into account RAN4 feedback/response on their future work on implementation alternatives for inter-donor migration.

3. Date of Next TSG-RAN WG4 Meetings:	
TSG-RAN WG4 Meeting RAN4#101-bis-e: 17-25 January 2022, Electronic Meeting
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